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Introduction

Financial markets are perpetually driven by an intricate interplay of
macroeconomic cycles, central bank interventions, shifting geopoliti-
cal landscapes, and the deeply ingrained behavioral biases of market
participants. These forces do not resolve instantaneously; they un-
fold over time, creating persistent price trends across global equities,
fixed income, currencies, and commodities. For decades, systematic
Commodity Trading Advisors (CTAs) and managed futures programs
have sought to capture these phenomena, transforming the behavioral
inefficiencies of the crowd into a durable, uncorrelated source of re-
turn. Yet, while the economic intuition behind trend-following is beau-
tifully simple, the engineering required to build, deploy, and manage
an institutional-grade CTA program is relentlessly complex.

This book is written to bridge the formidable gap between theoretical
signal design and the operational reality of managing a robust, rules-
based futures portfolio. In academic literature and introductory texts,
trend-following is often reduced to the intersection of two moving av-
erages or the breakout of a historical price channel. In practice, how-
ever, a toy model is separated from a production-grade CTA program
by thousands of design decisions. How are continuous return series
constructed from expiring futures contracts? How do we normalize
signals across markets with vastly different volatility profiles? How is
collateral managed, and how do roll yields distort pure trend forecasts?
These are the practical realities that dictate whether a strategy will sur-
vive contact with live markets.

At its core, this text advocates for a philosophy of rigorous simplic-
ity and structural robustness. We prioritize rules over narratives, rec-
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ognizing that discretionary overrides and fragile, over-optimized pa-
rameters are the enemies of long-term survival in quantitative finance.
A systematic CTA program must be mandate-aware, institutionally
usable, and capable of providing the distinct non-correlated return
profile—often characterized by ”crisis alpha” during prolonged market
distress—that allocators expect from the managed futures space.

To achieve this, the book is structured as a chronological blueprint, mir-
roring the actual architecture and lifecycle of a systematic trading pro-
gram. We begin by framing the economic logic of trend-following and
defining the exact role a CTA program plays within broader multi-asset
portfolios. From there, we descend into the foundational plumbing of
futures markets. We explore the mechanics of margin, collateral, and
term structure, detailing how raw daily prices are meticulously trans-
formed into the research-grade, continuous return series upon which
all subsequent modeling relies.

With the data foundations secured, we explore the signal generation
engine. Rather than searching for a singular, perfect indicator, we ex-
amine the canonical models of time-series momentum, breakout fami-
lies, and regression-based estimators. The emphasis here is on horizon
decomposition, volatility-normalization, and the construction of diver-
sified ensembles that can weather shifting market regimes without sac-
rificing their core directional edge.

However, generating a forecast is only a fraction of the challenge. The
subsequent phase of our journey addresses the critical translation of
theoretical forecasts into tradable portfolio positions. We establish
volatility as the fundamental unit of risk, meticulously walking through
contract-level sizing, leverage constraints, and correlation-aware risk
budgeting. This ensures that capital is deployed efficiently across a
globally diversified universe of instruments without hidden concentra-
tions.

Because financial markets are not frictionless vacuums, we must then
confront the physical limits of implementation. Transaction costs,
execution slippage, market impact, and liquidity constraints are in-
tegrated directly into the portfolio construction process. We estab-
lish formal risk controls, dynamic drawdown limits, and stress-testing
frameworks that protect the program against tail events, correlation
breaks, and the pro-cyclical traps that can destroy long-run trend pre-
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mia.

The final phase of the book is dedicated to truth and governance. We
establish a relentless validation framework, emphasizing walk-forward
testing and stringent statistical hygiene to defend against the pervasive
dangers of data snooping and overfitting. Finally, we synthesize these
elements into an end-to-end operating model. A successful systematic
program is not merely a collection of scripts; it is a durable business
requiring strict change control, transparent performance attribution,
and disciplined narrative reporting to stakeholders.

Whether you are an aspiring quantitative researcher, a portfolio man-
ager transitioning into systematic mandates, or an allocator seeking to
look beneath the hood of the managed futures industry, this book is de-
signed to provide a comprehensive, uncompromising guide. By master-
ing the integration of economic rationale, data architecture, risk man-
agement, and operational governance, you will be equipped to build
and sustain a systematic CTA program capable of navigating the re-
lentless uncertainty of global markets.
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Chapter 1

Foundations of
Systematic Managed
Futures

Systematic managed futures can look deceptively simple from the out-
side: trade liquid futures, follow rules, diversify broadly. In prac-
tice, every durable CTA program rests on a precise chain of decisions
about economic purpose, return sources, investor fit, engineering dis-
cipline, and operational readiness. This chapter lays that foundation
so the reader sees the program not as a collection of signals, but as a
coherent portfolio business built to survive real markets.

1.1 What a Systematic CTA Program Is

As established earlier, a CTA program is both an investment activ-
ity and, in many jurisdictions, a regulated advisory or discretionary-
management activity. For mandate design, however, the essential
question is more practical: what portfolio is the program authorized
and designed to run?

A systematic CTA program is a rules-based portfolio of liquid derivative

5



CHAPTER 1. FOUNDATIONS OF SYSTEMATIC MANAGED FUTURES

exposures, usually implemented primarily through listed futures, that
takes long and short positions across multiple economic sectors. Its
mandate specifies four core elements:

« the markets in which it may trade;

« the rules by which it may establish, resize, reduce, or close posi-
tions;

« therisk, liquidity, and operational limits within which those rules
must operate; and

« the form in which investors receive the resulting return stream.

The phrase managed futures describes the investment field more
broadly than any one legal structure, manager, or signal family. A pro-
gram may be offered through a separately managed account, a pooled
vehicle, a fund, or another permitted structure. The legal wrapper de-
termines such matters as investor eligibility, disclosure, reporting, cus-
tody, and regulation. It does not, by itself, determine the economic
character of the strategy. Two funds with very different legal structures
can run substantially the same systematic futures process; conversely,
two products both described as CTAs can have materially different port-
folios and risk profiles.

The investment process is the more useful starting point for this book.
A systematic CTA converts specified market data into specified port-
folio actions. Market prices, contract specifications, liquidity infor-
mation, and risk estimates enter a defined process. The process pro-
duces target positions, which are then subject to risk limits, trading
constraints, and execution procedures. The defining feature is not that
a computer sends every order without human involvement. Rather, it
is that discretion is bounded by an explicit policy. A portfolio manager
may supervise data failures, exchange disruptions, limit events, or ex-
ceptional operational circumstances, but should not be free to replace
a rule with an undocumented market opinion.

This distinction matters because a strategy can use sophisticated tech-
nology without being systematic in the investment sense. A discre-
tionary macro manager may use models, economic data, and quanti-
tative risk tools while retaining authority to decide whether a view is

6
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compelling. A systematic CTA instead commits in advance to the con-
ditions under which a view is expressed. The source of accountability
is therefore the documented decision process, not the plausibility of an
ex post narrative.

Discretionary Macro
Broad instru-
ments may be used
Manager judgement
selects and sizes views

rules rather than
discretionary views

Systematic CTA Program
Cross-asset liquid futures
Long and short exposures

Explicit portfolio rules

dynamic long/short futures directional, dynamically
rather than structural ownership adjusted exposures
Traditional Long-Only Alternative Risk Premia
Primarily cash securities Rules-based fac-
or benchmark assets tor exposures
Structural long ex- Often designed as
posure is central persistent premia portfolios
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1.1.1 The mandate is a portfolio specification

A useful way to understand a systematic CTA is as a portfolio specifica-
tion rather than as a prediction service. The program is not defined by
a permanent bullish or bearish view on any asset class. It is defined by
a repeatable method for holding exposures that may change direction,
magnitude, and sector allocation through time.

In a conventional long-only allocation, the strategic starting point is
often ownership: equities are held for equity-market exposure, bonds
for duration and income exposure, and so forth. The investor may
adjust weights around those strategic holdings, but the baseline port-
folio remains directionally long. A systematic CTA has no compara-
ble requirement to maintain long exposure to a particular market. It
may be long, short, or flat an equity-index future; long, short, or flat
a government-bond future; and similarly flexible across currency and
commodity markets.

This flexibility is enabled by futures contracts. A futures contract is
an agreement whose value changes with the price of an underlying ref-
erence asset or index. It allows exposure without purchasing the full
cash value of the underlying asset. For a portfolio manager, this makes
it possible to express a position efficiently in a broad equity index, an
interest-rate market, a currency, an energy product, or an agricultural
commodity. Futures also permit short exposure through the same ba-
sic trading mechanism used for long exposure.

The economic exposure of a futures portfolio should not be confused
with the cash posted as margin. A contract may have a large notional
value while requiring only a fraction of that amount as initial margin.
This is a financing and settlement feature, not a license to take unlim-
ited risk. The relevant risk question is how much the contract’s value
can change when its underlying market moves, and how that change
interacts with the rest of the portfolio. A disciplined CTA therefore
manages exposure in terms of market risk, liquidity, concentration,
and potential loss—not simply in terms of cash margin deposited at
a clearing broker.

A mandate must make this distinction explicit. It should state the risk
budget that the program is intended to use, the collateral and liquidity
standards required to support its futures positions, and the limits that

8
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prevent nominal exposure from becoming economically excessive. The
resulting portfolio can have substantial gross notional exposure while
maintaining a controlled and diversified risk profile. Equally, a portfo-
lio with modest notional exposure can be risky if it is concentrated in
volatile or highly correlated contracts.

1.1.2 A cross-asset futures universe

The standard systematic CTA universe spans the principal liquid fu-
tures sectors:

+ Equity-index futures, representing broad equity-market expo-
sure across regions;

» Fixed-income and short-rate futures, representing
government-bond and interest-rate exposures;

« Currency futures, representing exchange-rate relationships
among major currencies; and

« Commodity futures, including energy, metals, agricultural
products, and, where liquidity permits, other commodity groups.

These sectors are economically different. Equity-index futures respond
to corporate earnings expectations, valuation changes, and risk ap-
petite. Rates futures respond to inflation, monetary policy, growth ex-
pectations, and sovereign-bond supply and demand. Currency futures
respond to relative monetary conditions, capital flows, and external
balances. Commodity futures respond to physical supply, inventories,
weather, production decisions, transport constraints, and demand con-
ditions.

A cross-asset mandate does not require every market to be traded at
every moment. Nor does it imply that every sector receives the same
capital or risk allocation in every implementation. It means that the
program is built to evaluate a broad opportunity set under a common
portfolio framework. The breadth is important institutionally as well
as statistically: the manager is not presenting a single-market trading
product under a diversified label.
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The phrase “liquid futures” is deliberately restrictive. A contract is eli-
gible not merely because it is listed on an exchange, but because it can
be traded, financed, rolled, valued, and exited with reasonable confi-
dence at the program’s anticipated scale. Eligibility normally depends
on several related considerations:

« sufficient trading volume and open interest;
« reliable price formation throughout the relevant trading session;

+ bid—ask spreads and expected market impact consistent with the
program’s turnover;

« transparent contract specifications and established clearing ar-
rangements;

« a usable sequence of maturities for maintaining exposure
through contract rolls;

« position limits, accountability levels, and other exchange or reg-
ulatory restrictions; and

« adequate historical data for monitoring and research.

Liquidity is not a static label. A contract that is suitable for a small
account may be unsuitable for a larger program. Liquidity can also
deteriorate sharply around market stress, contract expiry, exchange
holidays, or changes in market participation. For this reason, an in-
stitutional mandate should treat the approved universe as a governed
list rather than as a permanent catalogue of tickers.

The eligible universe should also specify what is not included. For
example, a core listed-futures CTA may exclude individual equities,
corporate bonds, illiquid commodities, over—the-counter derivatives,
cryptoassets, and discretionary single-name trades. Such exclusions
are not signs of incompleteness. They preserve clarity about the strat-
egy’s intended sources of exposure, its operational capabilities, and its
capacity limits. A program may later seek authorization to add instru-
ments, but that is a mandate change requiring a corresponding assess-
ment of data, liquidity, valuation, legal documentation, and execution
controls.
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1.1.3 Systematic does not mean mechanically sim-
plistic

A systematic program is sometimes described as “fully automated.”
That description can be misleading. Automation concerns how ef-
ficiently a decision is implemented; systematic investing concerns
whether the decision is governed by a reproducible rule set.

At the simplest level, a systematic process has a chain of causation:

approved inputs — specified decision rules — target positions — risk and trading controls — executed portfolio.

Each link must be sufficiently explicit that an independent reviewer
can determine what the program was supposed to do on a given date
and compare that expectation with what actually occurred. This is es-
pecially important when a program uses multiple models, diverse mar-
kets, contract rolls, and portfolio-level constraints. Complexity may
exist, but it must remain auditable.

In practice, systematic discipline requires at least the following:

+ Defined inputs. The program identifies the market data, con-
tract data, calendars, and other observable information that it
may use.

+ Defined transformations. Raw inputs are converted into
standardized quantities according to documented procedures.
This includes such practical matters as handling contract
changes, missing observations, market holidays, and data
corrections.

» Defined decision rules. The conditions for initiating, main-
taining, reducing, reversing, or closing positions are specified in
advance.

« Defined constraints. Risk limits, market concentration limits,
liquidity limits, and trading restrictions can override a raw target

position under stated conditions.
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+ Defined exception authority. When normal processing can-
not occur, the individuals authorized to intervene, the permis-
sible actions, and the required documentation are identified be-
forehand.

The final point is essential. Real markets produce exceptional condi-
tions: an exchange may halt trading, a price feed may fail, a contract
may approach a position limit, or a market may become temporarily
untradeable. A program that ignores such events is not more system-
atic; it is less complete. The appropriate response is a pre-established
exception process. The program should distinguish between an oper-
ational exception, which preserves the mandate under abnormal con-
ditions, and an investment override, which substitutes unstructured
judgement for the stated process.

1.1.4 Separatingrelated but different strategy cat-
egories

The managed-futures label is often used loosely. Clear mandate lan-
guage prevents investors, risk managers, and portfolio managers from
mistaking one type of exposure for another.

These categories can overlap in instruments without becoming the
same strategy. Both a discretionary macro fund and a systematic CTA
may trade government-bond futures. The difference lies in how the
position is authorized, maintained, and governed. Likewise, both an
alternative risk-premia product and a CTA may use transparent rules
and derivatives. The distinction lies in the intended exposure and port-
folio behavior, not in whether a spreadsheet or a computer is involved.

A systematic CTA may also include more than one rules-based return
source within a broader program, provided the mandate clearly identi-
fies each component and its role. What should be avoided is conceptual
aggregation: a manager should not describe all systematic futures re-
turns as one undifferentiated “CTA beta.” Different rules can create
different exposures, turnover patterns, liquidity demands, and stress
behavior. A coherent mandate identifies the common portfolio frame-
work while retaining enough specificity to make those differences visi-
ble.

12
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Approach Primary instru- Decision process Central mandate
ments and expo- boundary
sure

Systematic CTA Predominantly Predefined rules gen- The program is a

liquid futures across
equity indices, rates,
currencies, and
commodities; long
and short exposures
are permitted.

erate and manage po-
sitions, subject to ex-
plicit portfolio and
operational controls.

dynamic cross-asset
derivatives portfolio,
not a permanent
allocation to any one
market direction.

Discretionary macro

May use futures,
cash  instruments,
options, swaps, or
other instruments,
depending on the
manager and man-
date.

Economic analysis
and manager judge-
ment determine
whether, when, and
how strongly to
express views.

Models may inform
decisions, but the
manager retains ma-
terial discretion over
portfolio choices.

Traditional
only

long-

Usually cash equities,
bonds, or long-only
funds, often or-
ganized around a

Security  selection
and allocation deci-
sions occur within an
ownership-oriented,

Long exposure to
the underlying asset
class is generally
structural rather

strategic benchmark.  predominantly long  than contingent on
framework. a dynamic trading
rule.

Alternative risk pre- Often  derivatives- Rules-based fac- The objective is
mia based, with expo- tor construction,  typically systematic
sures designed to  frequently with  factor exposure; it
harvest specified  persistent or peri- need not involve
factor premia or odically rebalanced a directional, dy-
relative-value ef-  exposures. namically changing

fects. futures portfolio.
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1.1.5 The investor receives a process-conditioned
return stream

Investors do not own the futures contracts directly in an economic
sense; they own an interest in the program or account that holds and
manages those contracts. Their experience is therefore shaped by more
than the individual instruments traded. It includes the program’s
collateral policy, valuation conventions, dealing terms, reporting fre-
quency, risk target, and treatment of costs. It also includes the realized
path of gains and losses created by the rules.

This point helps distinguish a CTA allocation from a static futures ex-
posure. Buying one equity-index future creates a straightforward di-
rectional position. Allocating to a systematic CTA means delegating
a continuing process that may change exposures across markets and
over time. The investor’s relevant object is the net portfolio return after
trading costs, financing and collateral effects, management charges, in-
centive arrangements where applicable, and operational frictions. The
program must therefore be described in a way that connects its trading
mandate to the return stream actually delivered to the investor.

A well-specified mandate answers practical questions in plain lan-
guage:

« Which sectors and contracts may the program trade?

+ Can the program be long, short, or flat in each market?

« What liquidity and position-size standards apply?

What level of portfolio risk is intended, and what limits constrain
it?

« How are futures positions collateralized and rolled?

« When may human operators intervene, and how are exceptions
recorded?

« Which costs and fees are borne by the investor?

« What reporting permits an investor to monitor adherence to the
stated process?

14
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These are not merely legal or operational details. They determine
whether a stated investment idea can be implemented consistently at
institutional scale.

1.1.6 Mandate boundaries create investability

A broad opportunity set is valuable only when paired with firm bound-
aries. Without boundaries, a manager can gradually drift from a lig-
uid, diversified futures mandate toward concentrated positions, illig-
uid contracts, unapproved instruments, or undocumented discretion.
Such drift may not be visible in a favorable period, but it can become
decisive when markets are stressed or capital must be redeemed.

For that reason, a systematic CTA mandate should make clear distinc-
tions among:

« eligible versus ineligible instruments;

« approved model outputs versus discretionary
overrides;

- normal trading decisions versus operational
exceptions;

 risk capacity permitted by the mandate versus gross
notional exposure made possible by futures margining;
and

« research proposals versus production-approved
changes.

The purpose is not to eliminate judgement. Judgement remains nec-
essary in setting the mandate, approving markets, establishing limits,
supervising operations, and deciding when a model change has met
the program’s standards. The purpose is to ensure that judgement is
exercised at the appropriate governance level rather than inserted in-
formally into daily trading decisions.

A systematic CTA program is therefore best understood as a governed,
cross-asset futures portfolio with dynamic long—short exposures and
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explicit decision rules. Its identity rests on the combination of its eli-
gible market universe, its repeatable process, its risk and liquidity con-
straints, and its institutional implementation. The remaining sections
of this chapter develop why trend following commonly serves as the
central return engine, how program objectives shape mandate choices,
and what standards make a systematic process robust enough for pro-
duction.

1.2 Why Trend Following Sits at the Cen-
ter

Having fixed the mandate boundaries of a systematic CTA program,
the next question is what supplies its central economic exposure. For
most managed futures programs, the answer is trend following. The
program may contain other components, and individual managers may
differ substantially in markets, trading horizons, portfolio constraints,
and execution methods. Yet the common core is typically a process
that takes directional exposure when a market has displayed persistent
movement in its own price.

In academic language, this is commonly called time-series momentum:
the position in a market is determined by that market’s own prior re-
turn or price path rather than by its rank relative to other markets. A
government-bond future, for example, can generate a positive trend
signal because its own price has risen persistently; the signal does not
require bonds to have outperformed equities, commodities, or curren-
cies. The same logic can be applied independently to an equity-index
future, a currency future, or a commodity future.

This distinction is foundational. A systematic CTA is not principally
trying to identify the one asset class that will outperform next quarter.
It is seeking to participate in sustained directional movement wherever
it occurs, while retaining the ability to take either side of each market.
The portfolio is therefore better understood as a collection of condi-
tional directional exposures than as a static allocation to stocks, bonds,
commodities, or currencies.
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1.2.1 Trend is a dynamic exposure, not a perma-
nent market view

A conventional asset allocation begins with a relatively stable set of
exposures. An investor may decide, for example, to own equities for
long-run economic growth, bonds for income and duration exposure,
and perhaps commodities for inflation sensitivity. The weights may
change, but the basic positions remain structurally long.

Trend following starts from a different premise. It does not require
permanent ownership of any underlying market. A trend-oriented pro-
gram can be long an equity-index future during one period, short it
during another, and hold a small or neutral position when the available
directional evidence is weak. The same is true for rates, currencies, and
commodities.

This flexibility does not mean that the program forecasts every turning
point. It does not. A trend process generally responds to evidence that
a directional move has developed. It is therefore inherently adaptive
rather than clairvoyant. When market direction changes, the process
needs time to recognize that the previous direction has weakened or
reversed. During this adjustment interval, the portfolio may retain an
outdated position, reduce it, move to neutral, or eventually establish
the opposite position.

The resulting payoff pattern differs materially from that of a static long-
only allocation:

« A long-only portfolio benefits primarily when its underlying as-
sets rise.

+ Atrend portfolio can benefit from either persistent rises or persis-
tent declines, provided it is positioned in the prevailing direction.

« Atrend portfolio can lose when markets reverse repeatedly, move
without sustained direction, or change direction faster than the
process can adapt.

The key word is persistent. A one-day price move, however large, is not
necessarily useful to a medium-horizon trend program. A sustained
move extending over weeks or months is more relevant because it gives
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the process time to establish, maintain, and potentially increase a di-
rectional exposure. This is why trend following belongs to the family of
dynamic trading strategies rather than to the family of static asset-class
allocations.

1.2.2 Why a trend engine can operate across fu-
tures sectors

As discussed earlier, the economic and institutional forces that can pro-
duce persistent market movement are not unique to one asset class.
Equity markets can adjust gradually to changes in growth expecta-
tions, monetary conditions, earnings expectations, or risk appetite.
Government-bond markets can move persistently as inflation and pol-
icy expectations change. Commodity markets can develop extended
moves as supply conditions, inventories, production decisions, or de-
mand conditions evolve. Currency markets can respond over time to
changing relative interest rates, capital flows, trade conditions, or pol-
icy regimes.

A trend process does not need to know the specific narrative behind
each move in order to react to the price evidence. This is a practical
advantage in a cross-asset program. The same broad decision principle
can be applied to markets with very different economic drivers:

+ a persistent decline in an equity-index future;
« a sustained rise in a government-bond future;

« an extended appreciation of one currency relative to another; or

« aprolonged increase in an energy or agricultural futures price.

The information entering the process is standardized even though the
underlying economic stories are not. The program observes each mar-
ket’s own price history, assesses the direction and strength of its move-
ment according to its stated rules, and determines an appropriate di-
rectional exposure within the portfolio’s risk limits.

This makes trend following especially well suited to the futures mar-
kets available to CTAs. Listed futures provide relatively direct, liquid,
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long—short access to broad market exposures. The same portfolio ar-
chitecture can therefore encompass equity indices, government bonds,
interest rates, currencies, metals, energy products, and agricultural
commodities without requiring the manager to construct separate fun-
damental valuation models for every contract.

The common decision framework should not be mistaken for an as-
sertion that all markets behave identically. They do not. Commodity
prices may react sharply to physical supply disruptions; rates markets
may respond to central-bank communication; equity markets may be
driven by changes in expected cash flows or discount rates. The ben-
efit of a broad trend program is precisely that it does not depend on
one common economic shock affecting all markets in the same way. It
relies instead on the possibility that directional persistence will emerge
somewhere within a diversified opportunity set.

1.2.3 The portfolio, rather than the individual
contract, is the relevant unit

Trend following is often misunderstood when assessed market by mar-
ket. Any individual futures contract can spend long periods moving
sideways, reversing abruptly, or producing a sequence of small losses
for a directional strategy. Even in a market that eventually experiences
a large sustained move, a trend process may enter late, exit early, or be
temporarily positioned on the wrong side during the transition.

The intended return engine is therefore the diversified portfolio of
trend opportunities, not a single signal applied to a single contract. At
a given time, one market may be directionless, another may be revers-
ing, and a third may be developing a sustained move. Across a suffi-
ciently broad universe, the program does not require every position to
be profitable. It requires that the aggregate contribution of persistent
moves, over time and across markets, be large enough to compensate
for the costs of false starts and reversals.

This diversification has several dimensions.

« Market diversification. A program can allocate across many
contracts within and across sectors. The goal is not simply to own
more instruments, but to avoid making the return stream depen-
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dent on one country, one commodity complex, or one macroeco-
nomic narrative.

+ Sector diversification. Equity indices, rates, currencies, and
commodities are influenced by different combinations of growth,
inflation, policy, supply, and risk-appetite forces. Their trends
may occur at different times.

» Directional diversification. A futures-based program can
hold long positions in some markets and short positions in oth-
ers. The portfolio need not be a single expression of optimism or
pessimism about the global economy.

» Horizon diversification. Trend is better regarded as a fam-
ily of related exposures than as one universally correct speed.
Shorter, medium, and longer horizons can respond differently
to the same market path. The appropriate combination is a
portfolio-design question, not evidence that one horizon is al-
ways superior.

The last point is particularly important. A short-horizon process may
respond relatively quickly to a reversal but can be more exposed to
market noise and trading friction. A longer-horizon process may par-
ticipate more fully in extended movements but can be slower to adjust
after a change in direction. A medium-horizon process occupies an
intermediate position. These are not defects to be eliminated through
ever more precise calibration; they are inherent trade-offs in any adap-
tive directional strategy.

For this reason, the phrase “trend following” should not be interpreted
as one fixed indicator or one parameter choice. It describes the eco-
nomic role of a family of related processes: systematically taking direc-
tion from a market’s own persistent movement. Later chapters address
how particular signals and horizons can be designed. At the mandate
level, the important point is that the program’s central source of return
is intended to be broad participation in sustained directional moves,
not superior security selection or a permanent exposure to a conven-
tional asset-class premium.
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1.2.4 Trend versus carry

Trend is often discussed alongside carry because both can be imple-
mented through futures and both can appear in systematic multi-asset
portfolios. They are nevertheless different return sources and should
be kept conceptually separate.

Carry refers broadly to the return associated with holding an exposure
when market prices, financing conditions, interest-rate differentials,
or futures-curve structure are favorable to that position. In futures
markets, carry can be related to the relationship between contracts
of different maturities, the cost or benefit of rolling from an expiring
contract into a later contract, or the economic conditions embedded in
forward prices. In currencies, it may be associated with interest-rate
differentials. In fixed income, it may be related to the passage of time
along the yield curve. The exact form varies by asset class.

A carry-oriented process generally asks a question such as: “Which po-
sitions offer a favorable expected return from holding the exposure if
current pricing relationships persist?” A trend-oriented process asks
a different question: “Has this market’s own price moved persistently
enough to justify a directional position?”

The distinction can be summarized as follows:

Conceptual distinction between trend and carry

Feature

Trend following

Carry-oriented exposure

Primary input

A market’s own realized price
movement over a defined his-
torical horizon.

The pricing relationship asso-
ciated with holding or rolling
an exposure.

Core position Iogic

Hold the direction indicated
by persistent movement; di-
rection can change as the
market path changes.

Hold exposures with favor-
able implied or expected
carry characteristics, subject
to the chosen construction
rule.

Economic intuition

Markets can adjust grad-
ually, allowing directional
movement to persist.

Investors may be compen-
sated for bearing risks asso-
ciated with financing, liquid-
ity, inventory, duration, cur-
rency, or other balance-sheet
conditions.

Typical vulnerability

Repeated reversals and direc-
tionless markets can create
losses.

Adverse repricing of the un-
derlying risk can overwhelm
the income or roll benefit.

A market can have attractive carry while trending in the opposite di-
rection. For example, a futures curve may make a long commodity po-
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sition appear favorable from a roll perspective while the commodity’s
price is falling persistently. Conversely, a market may have unattrac-
tive carry while exhibiting a strong upward or downward trend. A pure
trend process may accept the latter position if its directional evidence
is sufficiently strong; a pure carry process may avoid it.

The two approaches can coexist in one organization or in a broader
multi-strategy portfolio. Their coexistence does not make them the
same engine. Combining them without clear attribution can obscure
the source of both returns and losses. A manager might appear to be
running a trend program during favorable conditions while actually de-
riving a material portion of returns from carry exposures. In a different
market environment, the carry component may behave very differently
from the trend component.

For a systematic CTA whose stated identity is trend-oriented managed
futures, this distinction should remain visible in research, portfolio at-
tribution, and investor communication. Trend should be evaluated as
trend. Carry should be evaluated as carry. A portfolio may deliberately
diversify across both, but it should not rely on labels that conceal their
separate economic logic.

1.2.5 Trend and crisis-period behavior

The potential role of trend during market stress is one reason it has be-
come central to managed futures. As noted earlier, crisis alpha is not
an unconditional feature of every CTA program or every stress event.
A trend program does not enter a crisis with a guaranteed short-equity
position, a guaranteed long-bond position, or a contractual payoff re-
sembling a put option. Its exposures are determined by the market
path that has occurred before and during the event.

This path dependence is crucial. Consider a sharp equity-market de-
cline. If the decline persists long enough for a trend process to rec-
ognize and respond to it, the program may reduce long equity expo-
sure, move toward neutrality, or establish a short position. If other
markets also develop sustained moves—for example, a flight toward
government bonds, a currency adjustment, or a commodity trend—the
cross-asset portfolio may gain from several independent directional ex-
posures.
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However, a sudden one-day or one-week shock can occur before a
medium-horizon process has materially changed its positions. In that
case, the program may still hold exposures inherited from the preced-
ing market regime. Similarly, a violent decline followed immediately
by a rapid reversal can be difficult for trend strategies: the process may
adapt to the decline only to face losses when prices rebound sharply.

Trend’s stress-period potential is therefore best described as condi-
tional crisis responsiveness. It arises when dislocations create sus-
tained directional persistence and the program has sufficient time and
breadth to adapt. It is neither a promise of protection in every draw-
down nor a substitute for explicit hedging instruments.

The term convexity is sometimes used informally to describe this fea-
ture. The analogy is useful only if handled carefully. A long option
has contractual convexity: its payoff is specified by the option contract,
and the buyer pays an explicit premium for that protection. Trend fol-
lowing has no such contractual payoff. Its apparent convexity, when
it occurs, is generated dynamically through the ability to change direc-
tional exposures after markets begin to move. The benefit is therefore
contingent on persistence, timing, diversification, and the program’s
response speed.

This difference has practical implications:

+ Trend following may help during prolonged and directional mar-
ket dislocations.

« It may provide little immediate protection against abrupt shocks
that reverse before positions can adapt.

» It can suffer losses during sharp reversals, range-bound markets,
and periods when price changes are large but not persistent.

« Its contribution should be assessed at the portfolio level and over
a range of market environments, not inferred from a small num-
ber of memorable crises.

A disciplined CTA program therefore treats crisis-period behavior as
a possible consequence of its dynamic long—short architecture, not
as the sole purpose of the strategy. The primary mandate remains
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broader: to pursue returns from persistent directional movements
across a diversified set of liquid futures markets.

1.2.6 Whytrend remains the organizing principle

Trend following occupies the center of managed futures because it pro-
vides a coherent answer to three practical portfolio questions.

First, it identifies a common decision principle that can be applied
across economically different futures markets. The manager need not
build a separate discretionary thesis for every country, commodity, or
yield curve.

Second, it naturally uses the long—short flexibility of futures. A pro-
gram can participate in persistent advances and persistent declines
without requiring a permanent directional bias toward the underlying
asset classes.

Third, it creates a portfolio whose exposures can evolve with market
conditions. The program is not committed in advance to a particular
macroeconomic scenario. It responds to the directional evidence that
emerges across the approved market universe.

None of these features implies easy or uniform returns. Trend pro-
grams pay for their adaptability through periods of whipsaw, delayed
response, and uneven performance across markets and horizons. Their
value lies not in avoiding all losses, but in establishing a systematic,
diversified mechanism for accessing persistent movement wherever it
arises.

The next task s to translate this return engine into a usable mandate. A
trend process may be economically coherent yet unsuitable for a partic-
ular allocator if its risk level, liquidity requirements, turnover, capac-
ity, or implementation costs do not fit the investor’s objectives. Those
choices determine how the central trend engine is expressed in an in-
vestable CTA program.
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1.3 Program Objectives, Constraints,
and Investor Use Cases

The preceding discussion identified trend following as the central re-
turn engine of many managed futures programs. That economic logic
is necessary, but it is not sufficient to define an investable program.
A CTA allocation must also answer a portfolio question: what is the
investor asking this allocation to do?

The answer is rarely “maximize the standalone backtest Sharpe ratio.”
Investors hold managed futures within broader portfolios that already
contain equities, bonds, credit, private assets, real assets, or other al-
ternatives. The relevant objective is therefore the contribution that the
program is expected to make after costs, under the investor’s own risk,
liquidity, and governance constraints.

A well-designed program begins by translating an investment objec-
tive into observable mandate settings. If the objective is diversifica-
tion, broad cross-sector participation and low dependence on a sin-
gle market may matter more than maximizing return in a narrow his-
torical sample. If the objective is a potential offset during prolonged
macro stress, the investor may care particularly about the program’s
ability to adapt to sustained directional moves, while recognizing that
no such response is guaranteed in every drawdown. If the objective is
an absolute-return sleeve, the investor may emphasize volatility con-
trol, drawdown tolerance, and net return consistency. If the objective
is inflation sensitivity, the program’s commodity and rates exposures
may receive greater scrutiny.

The objective does not determine the outcome. It determines the stan-
dard against which the program should be designed, constrained, and
monitored.

1.3.1 From investment objective to mandate set-
tings
A useful distinction is between an investment objective and a perfor-

mance promise. An objective describes the intended role of the allo-
cation. A performance promise implies a result that the manager may
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not be able to deliver across all market environments.

For example, consider the following statements:

 “The program seeks to provide a diversified source of returns that
is not structurally dependent on rising equity or bond prices.”

« “The program seeks to participate in sustained directional moves
across liquid futures markets, subject to defined risk and liquidity
limits.”

 “The program may provide useful diversification during some ex-
tended market dislocations, but is not an explicit hedge and may
lose money in abrupt or reversing crises.”

These are objectives or expectations. They describe the intended port-
folio role without implying that the program will deliver positive re-

turns in every calendar year, every equity drawdown, or every inflation
shock.

By contrast, statements such as “the strategy will protect the portfo-
lio in a crisis” or “the strategy will produce stable positive returns re-
gardless of market direction” are not credible mandate objectives. A
systematic CTA remains exposed to model error, market reversals, lig-
uidity deterioration, execution costs, and adverse correlations among
positions. Its dynamic nature may create useful diversification proper-
ties, but it does not remove investment risk.

The practical task is to connect each objective to a set of design choices.
The following table summarizes this translation.
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Investor objective

Mandate implications

Questions for ongoing
monitoring

Diversification from tradi-
tional assets

Broad futures universe,
balanced sector participation,
controlled portfolio volatility,
and limits on persistent
concentration in equity or
rates exposures.

Has the program become
dominated by one sector
or one macroeconomic
theme? How has it behaved
relative to the investor’s core
assets over different market
environments?

Potential responsiveness to
extended dislocations

Long—short flexibility, suffi-
cient market breadth, explicit
treatment of risk during fast
moves, and realistic expecta-
tions about response speed.

Did directional persistence
actually emerge? Did the
program have time to adapt?
Was the realized response
consistent with its stated
process?

Risk-adjusted
return

absolute

A clearly specified volatility
range, disciplined exposure
management, liquidity stan-
dards, and a cost structure
consistent with the expected
gross opportunity.

Are realized volatility, draw-
downs, turnover, and costs
within the intended range? Is
the return stream still being
generated by the stated pro-
cess?

Inflation-sensitive  diversifi-
cation

Adequate access to lig-
uid commodity and rates
markets, while retaining
cross-asset breadth rather
than making a concentrated
inflation bet.

Is the program’s inflation sen-
sitivity an incidental histor-
ical outcome or a durable
consequence of its permitted
market universe and risk allo-
cation?

Overlay or portable-alpha use

Transparent margin and col-
lateral treatment, predictable
liquidity, compatibility with
the investor’s underlying beta
exposures, and strict controls
on aggregate leverage.

How does the program inter-
act with the funded portfo-
lio, collateral pool, and total
balance-sheet risk?

The same trend process can be implemented differently depending on
the chosen objective. A program intended for broad institutional diver-
sification may prioritize a large, liquid universe and moderate risk tar-
get. A more aggressive absolute-return mandate may tolerate higher
turnover, greater concentration, or a higher volatility target. An over-
lay mandate may focus especially on capital efficiency and collateral
management. These are not cosmetic packaging differences. They
change the realized portfolio.

1.3.2 Risk targets are design choices, not fore-

casts
Volatility targeting is common in systematic managed futures because

it provides a practical way to express a stable risk budget while the un-
derlying futures positions change through time. A program might tar-
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get annualized volatility in a range such as 10% to 15%, but the selected
number should be understood as a mandate choice, not as a prediction
that realized volatility will remain exactly at that level.

A higher target volatility can increase the expected magnitude of both
gains and losses. It can also increase trading costs, margin demands,
concentration pressure, and sensitivity to estimation error. A lower tar-
get volatility may improve compatibility with a conservative allocation
but can make management fees and fixed operating costs more signif-
icant relative to expected returns. The appropriate target depends on
the investor’s total portfolio, the intended allocation size, and the level
of drawdown the investor can realistically tolerate.

The risk target must also be interpreted alongside diversification. Two
programs can both target 12% annualized volatility while presenting
very different risks:

+ One may spread risk across many liquid contracts and sectors.

» Another may obtain the same estimated volatility from a smaller
set of highly correlated positions.

« One may reduce exposure promptly when estimated market
volatility rises.

« Another may use a slower risk-adjustment process and experi-
ence larger short-term deviations from target.

Volatility is important because it creates a common scale for position
sizing and investor comparison. It is not a complete description of risk.
Investors should also examine concentration, drawdown history, lig-
uidity under stress, exposure turnover, correlation with existing hold-
ings, and the distribution of returns. A program that appears attractive
on average volatility alone may still be unsuitable if its losses cluster in
the same environments that matter most to the investor.

Higher moments are relevant here. Two strategies can have similar
average returns and volatilities while differing materially in skewness,
tail losses, and the pattern of gains and losses through time. A managed
futures allocation may affect a broader portfolio not only by changing
expected return or standard deviation, but also by changing the portfo-
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lio’s downside shape. This is one reason that simple correlation mea-
sures, although useful, are not enough for evaluating a CTA allocation.

1.3.3 Constraints define the implementable op-
portunity set

An investment objective becomes meaningful only when paired with
constraints. Constraints are sometimes treated as obstacles imposed
after the return model has been developed. In a production CTA, they
are part of the investment design itself. They determine which theo-
retical exposures can actually be held at the intended scale and with
acceptable operational risk.

The most important constraints usually fall into five related categories.

Liquidity constraints. A program should be able to enter, resize,
roll, and exit positions without imposing excessive market impact or
relying on optimistic assumptions about available trading volume. Lig-
uidity is not merely average daily volume. It includes bid—ask spreads,
order-book depth, the concentration of trading activity in particular
maturities, behavior during stressed conditions, and the amount of
capital that the program itself represents relative to the market.

A manager may be able to trade a contract at a small account size but
not at institutional scale. As assets under management grow, the pro-
gram may need to reduce its expected participation rate, trade over
more days, restrict certain contracts, or limit the pace at which signals
can be implemented. Capacity is therefore not a marketing estimate;
it is a portfolio constraint that should influence the approved universe
and position limits.

Contract-roll constraints. Futures contracts expire. A program
that seeks continuous exposure must close or reduce a position in an
expiring contract and establish the corresponding position in a later
maturity. This roll process affects transaction costs, liquidity, tracking,
and operational complexity. It can be especially important in commod-
ity markets, where liquidity may be concentrated in particular delivery
months and where the futures curve can differ substantially across ma-
turities.

A mandate should specify the permissible contracts and the process for
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maintaining exposure through expiry. A theoretical strategy that uses
a continuous historical price series but ignores the practical mechanics
of rolling contracts is not yet an investable program.

Position and concentration constraints. Exchanges and regu-
lators may impose position limits, accountability levels, reporting re-
quirements, or other restrictions. Internal limits are equally important.
They can prevent excessive exposure to a single contract, commodity
group, country, currency bloc, or economic factor.

These constraints serve two purposes. First, they reduce the risk that
a portfolio’s apparent diversification disappears because several posi-
tions express the same underlying macroeconomic exposure. Second,
they preserve the ability to trade under adverse conditions. A large po-
sition in a thin market may be acceptable in a backtest but impossible
to unwind without substantial cost when liquidity is most needed.

Collateral and balance-sheet constraints. Futures are margin
instruments, but margin efficiency should not be mistaken for eco-
nomic risklessness. The program must maintain sufficient eligible col-
lateral to meet initial-margin and variation-margin requirements, ab-
sorb adverse moves, and continue operating through periods of ele-
vated volatility. Depending on the legal structure and investor arrange-
ment, cash and high-quality liquid collateral may also generate income
or incur financing costs. These effects contribute to the investor’s real-
ized result.

The relevant question is therefore not simply, “How much notional ex-
posure can the program obtain?” It is, “How much risk can the pro-
gram carry while retaining adequate liquidity and balance-sheet re-
silience under plausible stress conditions?”

Operational constraints. A systematic program depends on timely
market data, contract specifications, corporate and exchange calen-
dars, valuation processes, order-routing arrangements, reconciliation,
and exception management. A market may be economically attractive
but operationally unsuitable if prices are unreliable, settlement con-
ventions are difficult to support, or trading access is inadequate. Oper-
ational simplicity has value because it reduces the number of ways in
which a live program can diverge from its stated process.

The consequence is straightforward: the implementable universe is
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smaller than the theoretical universe. This is not a weakness. A liquid,
well-governed set of instruments is generally more valuable to an insti-
tutional CTA than a larger universe whose exposures cannot be traded
or monitored reliably.

1.3.4 The net return is the investor’s return

Investors receive net returns, not gross model returns. The distinction
is particularly important in managed futures because gross returns can
be affected by a number of recurring frictions:

Rnet = Rgross - Ctrading - Cimplementatinn - Cfinancin_q/collateral - Fmanagement - Fincentivew

where the terms are conceptual rather than a universal accounting for-
mula. Their precise treatment depends on the program’s legal struc-
ture, collateral policy, fee terms, tax status, and reporting conventions.

Trading costs include bid—ask spreads, brokerage, exchange and clear-
ing charges, and market impact. Implementation costs include the ef-
fect of delayed trading, contract rolls, position limits, and the differ-
ence between theoretical target prices and executable prices. Financ-
ing and collateral effects can be positive or negative depending on pre-
vailing short-term rates, the collateral instruments used, margin re-
quirements, and the cost of any borrowing or balance-sheet usage.

Management and incentive fees introduce an additional layer. A man-
agement fee is generally charged regardless of whether the program
makes or loses money. An incentive fee is typically contingent on gains,
but its economic effect can be path dependent because it depends on
the program’s fee terms, loss-recovery provisions, and timing of gains.
The investor should therefore not evaluate a fee schedule only by quot-
ing its headline percentage. The relevant question is how the sched-
ule interacts with expected gross return, volatility, turnover, and draw-
down patterns.

The issue is not that fees are inherently inappropriate. A well-run
CTA requires research, technology, market access, risk oversight, oper-
ations, compliance, and continuous production support. Those capa-
bilities have real cost. The issue is whether the expected net portfolio
contribution justifies the all-in cost to the specific investor.
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A useful discipline is to evaluate the program in layers:

1. Gross economic return: Does the stated process have a cred-
ible and understandable source of return?

2. Implementable return: Does the expected return remain af-
ter realistic assumptions about spreads, market impact, rolling,
and liquidity limits?

3. Net investor return: Does the return remain attractive after
management fees, incentive fees where applicable, financing ef-
fects, and fund-level expenses?

4. Portfolio contribution: Does the net return stream improve
the investor’s total portfolio in a way that matches the original
objective?

A backtest can be aesthetically appealing at the first layer and disap-
pointing at the third or fourth. This is why after-fee evaluation is not
an administrative exercise. It is central to investment suitability.

1.3.5 Benchmarking should match the purpose of
monitoring

Benchmarks are useful when they clarify the question being asked.
They are unhelpful when they create a false impression that all CTA
programs should behave identically.

An investable manager index, such as the BTOP50 Index, can provide
context for the broad managed futures industry. It may help an in-
vestor assess whether a program’s realized return and risk experience
is broadly consistent with the investable CTA opportunity set. Such
an index is not a pure trend benchmark: its constituents can differ in
model mix, trading speed, markets, leverage, fees, and discretionary
elements. It is therefore best used as an industry reference rather than
as a precise replication target.

A rules-based trend indicator can serve a different purpose. It can help
an investor monitor whether a manager’s returns remain broadly con-
sistent with the behavior expected from a transparent trend-oriented
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process. This comparison may be more useful when the governance
question is whether the manager continues to deliver the stated trend
exposure rather than whether the manager resembles the average CTA
peer.

Neither benchmark replaces direct monitoring of the mandate. The in-
vestor should also review realized volatility, sector exposures, turnover,
liquidity usage, concentration, drawdowns, and material deviations
from stated process. A manager can outperform a benchmark for rea-
sons that are desirable, undesirable, or simply temporary. Benchmark-
relative performance is evidence to investigate, not a complete verdict.

1.3.6 Common investor use cases

Different allocators can reasonably reach different conclusions about
the same CTA program because they face different liabilities, existing
exposures, liquidity needs, and governance structures.

Pension plans and liability-aware investors. A pension plan
may view managed futures primarily as a diversifying liquid alloca-
tion within a portfolio otherwise dominated by public equities, fixed
income, and illiquid private assets. The relevant questions include
whether the program can be scaled, redeemed, and monitored effi-
ciently; whether its risk is sufficiently independent of the plan’s dom-
inant exposures; and whether its liquidity is valuable during periods
when private-asset valuations are stale or capital calls are elevated.

For this investor, a moderate volatility target, broad market diversifi-
cation, and conservative liquidity standards may matter more than the
highest possible standalone return. The allocation may also be judged
by how it affects total-fund drawdowns and the range of potential fund-
ing outcomes, not solely by its individual Sharpe ratio.

Endowments and foundations. Endowments and foundations of-
ten seek long-horizon growth while maintaining the ability to fund
spending obligations. They may hold substantial allocations to illiq-
uid assets and be exposed to broad equity-market risk through both
public and private holdings. A CTA allocation can be considered as a
source of liquid diversification and as a potential contributor during
some extended macro dislocations.
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The important qualification is that the allocation should not be as-
sumed to offset every decline in growth assets. The investor should
examine whether the program’s liquidity terms, drawdown profile, and
net return expectations fit the institution’s spending needs and gover-
nance tolerance.

Multi-asset and balanced portfolios. For a traditional equity—
bond portfolio, the central question is often whether a managed futures
allocation improves the portfolio’s behavior across a range of growth,
inflation, and policy regimes. This is broader than asking whether the
CTA has low unconditional correlation with equities. A correlation es-
timate can conceal meaningful variation across market states.

A multi-asset investor may therefore emphasize conditional behavior:
how the program has responded when equities declined persistently,
when bond and equity correlations rose, when inflation shocks affected
both asset classes, and when markets reversed rapidly. The purpose is
not to demand perfect protection, but to understand the circumstances
in which the CTA’s dynamic exposures have historically complemented
or failed to complement the rest of the portfolio.

Portable-alpha and return-stacking users. An investor using
futures-based overlays may seek to retain a strategic beta allocation
while adding a separate active return source. In this setting, the CTA is
evaluated partly through balance-sheet efficiency: how much collateral
it requires, how it interacts with the underlying portfolio, and whether
the combined structure creates unintended leverage or liquidity risk.

The attractive feature is that futures can provide exposure without re-
quiring full cash funding of notional value. The corresponding risk is
that multiple overlays can create aggregate exposures that are difficult
to see when viewed separately. The investor must evaluate the com-
bined portfolio, including margin needs under stress, rather than treat
each overlay as independently capital efficient.

1.3.7 A fit-for-purpose evaluation standard

The appropriate conclusion is not that every investor needs a CTA allo-
cation, nor that every systematic CTA is interchangeable. A program is
suitable when its expected net behavior addresses a clearly identified
portfolio need and when its constraints are credible at the investor’s
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intended allocation size.

A disciplined evaluation asks five connected questions:

1. What role is the allocation intended to play in the total portfolio?

2. What return and risk behavior is realistic for that role, including
in adverse market environments?

3. What constraints determine whether the stated strategy can be
implemented at scale?

4. What will the investor receive after trading frictions, financing
effects, and fees?

5. What benchmarks and monitoring measures will reveal whether
the live program remains faithful to its mandate?

Answering these questions before selecting models or optimizing his-
torical results creates a more durable foundation for the program. The
next section turns from investor fit to design discipline: how an eco-
nomic idea is converted into rules that are simple enough to govern,
robust enough to survive changing markets, and practical enough to
operate in production.

1.4 Principles of Robust Systematic De-
sign

The preceding sections established the intended role of the program:
a liquid, cross-asset portfolio whose dynamic exposures are expected
to contribute to an investor’s broader objectives. The remaining chal-
lenge is to turn that broad mandate into a process that can survive con-
tact with real markets.

This requires more than finding a historically attractive trading rule. A
rule can fit past data extremely well and still fail because it relies on a
data error, an unrealistic execution assumption, a temporary market
structure, or a parameter choice selected after repeated experimenta-
tion. Robust systematic design is the discipline of reducing those risks
before capital is committed.
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The central standard is simple:

A valid investment process should have a plausible ratio-
nale, use observable inputs, employ rules that can be stated
clearly, remain credible across reasonable variations in
data and assumptions, and be implementable under the
program’s actual constraints.

This standard does not imply that every useful strategy must be math-
ematically elementary. It does imply that complexity carries a burden
of proof. Each additional parameter, transformation, conditional rule,
market exception, or model interaction creates another way for a back-
test to capture noise rather than a durable economic effect. The task
of research is therefore not merely to discover features that improve
historical results. It is to determine whether those features continue to
make sense when the most favorable assumptions are removed.

1.4.1 Begin with a hypothesis, not a historical pat-
tern

Arobust research process starts with a statement of what the strategy is
intended to capture and why the proposed inputs may contain relevant
information. This statement need not be a complete economic model
of every market. It must, however, be more than the observation that
a particular transformation happened to work in a historical sample.

For a directional futures strategy, a hypothesis might state that persis-
tent market movements can arise from gradual economic adjustment,
institutional trading behavior, or delayed incorporation of information,
and that a rules-based process may seek to participate in those moves.
The hypothesis does not guarantee that every observed trend will con-
tinue. It provides a reason to investigate a family of rules rather than
to search indiscriminately through thousands of possible indicators.

A useful hypothesis has four characteristics:

It is economically or behaviorally interpretable. The re-
searcher can explain what market process the rule is intended to
detect or exploit.

36



1.4. PRINCIPLES OF ROBUST SYSTEMATIC DESIGN

« Itis falsifiable. There are identifiable conditions under which
the evidence would weaken or reject the idea.

It implies observable inputs. The information needed by
the rule can be obtained, dated, and processed in a manner that
would have been feasible in real time.

« It limits the research search. The hypothesis narrows the
set of reasonable model choices before the researcher examines
which variation has the best historical performance.

The last point is especially important. Without a prior hypothesis, re-
search can become an exercise in finding the most attractive result
among a large number of unrelated trials. A researcher may test many
lookback windows, smoothing methods, volatility estimators, contract
selections, rebalancing frequencies, and portfolio constraints. Even if
none of these choices has genuine predictive value, some combination
is likely to look unusually strong in sample.

This is the data-snooping problem. White’s work on reality checks for-
malized the core issue: when a researcher selects the best strategy from
alarge search, ordinary statistical inference can overstate the evidence
that the selected strategy is genuinely superior. The selected result
must be judged in the context of all the alternatives that were tried,
not as though it were the only rule ever considered.

A hypothesis is therefore not a marketing narrative added after the re-
search is complete. It is a control on the research process itself.

1.4.2 Translate the hypothesis into a small set of
observable variables

The next step is to express the hypothesis through variables that can
be measured consistently and would have been available at the time
a trading decision was made. This translation should be deliberately
conservative.

For a futures portfolio, candidate inputs may include market prices,
contract specifications, trading calendars, volume, open interest, and
measures of realized market variability. Each input must have a clear
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definition. The researcher should know which contract price is used,
when it becomes observable, how missing observations are handled,
and how changes in contract specifications are treated.

This requirement may sound operational rather than investment-
related, but the two cannot be separated. A model cannot be robust
if its inputs are ambiguous. Consider several apparently minor
questions:

« Isthe price an official settlement, a closing bid, a last trade, or an
intraday observation?

« Isthe price available before the intended trading decision, or only
after the market has closed?

+ Does a historical series reflect a contract that could actually have
been traded at the assumed size?

« How are holidays, exchange closures, price limits, and missing
observations handled?

» Does a continuous futures series accurately represent the return
experience of rolling an actual futures position?

Each choice can affect measured returns. More importantly, each
choice can affect whether a result is reproducible. A research result
that depends on undefined data treatment is not a complete invest-
ment rule.

The aim is not to eliminate all judgment from data preparation. Judg-
ment is unavoidable when exchanges change contract specifications,
markets close unexpectedly, or data vendors correct historical records.
The aim is to make those judgments explicit, consistent, and subject to
review.

1.4.3 Simple rules are easier to test, explain, and
govern

As noted earlier, rigorous simplicity does not mean simplistic invest-
ing. A program may contain multiple markets, diversified horizons,
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contract-roll procedures, risk controls, and execution logic. But each
component should have a distinct purpose and should justify the com-
plexity it adds.

A simple rule has several practical advantages.

First, it is easier to understand economically. If a rule has a small num-
ber of inputs and a clear decision path, the researcher can ask whether
its behavior is consistent with the original hypothesis. If the rule uses
many interacting variables, it becomes difficult to determine whether
it is measuring a genuine effect or merely fitting historical accidents.

Second, it is easier to test across markets and time periods. A rule that
only works for one commodity, one decade, or one precise parameter
setting is less persuasive than a rule that remains broadly useful across
reasonable variations. Robustness does not require identical perfor-
mance in every market. It requires that the central result not disappear
when assumptions are changed modestly.

Third, simple rules are easier to operate. A production process must
be monitored, reconciled, explained to risk managers, and maintained
when data vendors, exchanges, or trading systems change. A rule that
cannot be described clearly is difficult to challenge, and a rule that can-
not be challenged is difficult to trust.

This leads to an important research principle:

Prefer the simplest specification that captures the intended
economic effect and remains credible after realistic imple-
mentation assumptions are imposed.

The word prefer matters. Simplicity is not an absolute command
to reject every additional feature. A new feature may be justified if
it addresses a documented weakness, works across relevant samples,
remains understandable, and improves implementability rather than
merely improving one historical statistic. The burden is on the added
feature to demonstrate value.
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1.4.4 Robustness is broader than in-sample per-
formance

A strategy is not robust simply because it has a high historical Sharpe
ratio. The Sharpe ratio is useful as a summary of return relative to
volatility, but it can be distorted by non-normal returns, limited sam-
ple length, changing volatility, and repeated model selection. Most im-
portantly, a high Sharpe ratio selected from a large family of tested
strategies is likely to be biased upward.

The Deflated Sharpe Ratio addresses this concern by adjusting infer-
ence for selection bias and for return distributions that depart from
normality. Its practical lesson is more important than its mechanics:
the evidentiary standard should rise with the number of trials con-
ducted. A result selected after testing a few economically motivated
alternatives deserves different treatment from a result selected after
searching across thousands of loosely related specifications.

Similarly, the Probability of Backtest Overfitting framework focuses at-
tention on a central question: if the researcher had selected a model us-
ing one subset of the data, how likely is that selected model to perform
poorly in another subset? The framework does not eliminate uncer-
tainty, but it encourages research teams to treat model selection itself
as a source of risk.

A robust design process therefore looks for evidence along several di-
mensions:

« Stability across time. The result should not depend entirely
on one favorable market episode.

« Breadth across markets. The underlying idea should have
relevance across the eligible universe rather than deriving all of
its apparent strength from a small number of contracts.

+ Stability across reasonable parameters. Small changes in
a lookback period, risk estimate, or portfolio setting should not
transform a credible process into an unrecognizable one.

+ Realistic trading assumptions. The strategy should remain
viable after spreads, market impact, contract rolls, delayed exe-
cution, and liquidity limits are incorporated.
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 Resilience across regimes. The process should be examined
during quiet markets, high-volatility episodes, sustained trends,
abrupt reversals, inflation shocks, and changes in monetary pol-

icy.

+ Operational reproducibility. An independent team should
be able to reconstruct the intended decisions from the docu-
mented data and rules.

No single test provides conclusive proof. Robustness is cumulative.
Confidence increases when an idea remains understandable and im-
plementable after multiple reasonable attempts to disprove it.

1.4.5 Parameter choice should express a trade-
off, not a hidden forecast

Parameters are unavoidable. A researcher must choose such items as
observation windows, rebalance timing, volatility-estimation settings,
liquidity thresholds, and concentration limits. The danger arises when
parameters are treated as precise forecasts of the future rather than as
practical expressions of a trade-off.

For example, a shorter decision horizon may react more quickly to new
market information but may also trade more frequently and be more
exposed to noise and transaction costs. A longer horizon may reduce
turnover and capture extended moves but can react more slowly when
conditions change. Neither choice is universally correct. The appro-
priate selection depends on the program’s hypothesis, liquidity profile,
intended risk behavior, and operational capabilities.

A robust process acknowledges this uncertainty in at least three ways.
1. It avoids selecting one parameter solely because it produced the
best historical result.

2. It examines whether neighboring parameter choices produce
broadly similar conclusions.

3. It considers diversification across sensible parameter ranges
when no single setting has a compelling claim to superiority.
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This is particularly relevant when market structure changes. A horizon
that performed well under one regime of spreads, participant behav-
ior, exchange technology, or volatility may become less effective when
those conditions change. Shorter-horizon approaches can be especially
sensitive to changes in microstructure and trading costs. The appropri-
ate response is not necessarily to abandon the investment premise; it is
to avoid building the entire portfolio around a narrow implementation
choice whose success may be regime-specific.

1.4.6 Constraints belong inside the model

A common research mistake is to treat constraints as a final overlay ap-
plied after the alpha model has been optimized. This approach creates
a gap between the attractive theoretical portfolio and the portfolio that
can actually be traded.

For an institutional futures process, constraints should enter early and
explicitly. These include:

« approved-market and liquidity eligibility rules;

« contract-roll conventions;

« limits on market participation and position concentration;
« sector-level risk budgets;

« collateral and margin requirements;

« trading calendars and execution windows;

« procedures for stale prices, exchange limits, and market closures;
and

« restrictions imposed by exchanges, clearing firms, investors, or
internal risk policy.

The purpose of these constraints is not merely to reduce risk after the
fact. They define the opportunity set. A strategy that requires positions
larger than the market can absorb, trades only at unavailable prices, or
relies on contract maturities with inadequate liquidity is not a stronger
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strategy because its unconstrained backtest is better. It is an incom-
plete strategy.

Explicit constraints can also improve research quality. They force the
team to confront trade-offs that might otherwise remain hidden. A
faster process may appear attractive before costs but become unattrac-
tive once realistic participation limits are imposed. A broad commodity
universe may appear diversifying until position limits and roll liquidity
reveal that only a subset can support the intended capital base. A port-
folio may seem balanced until common exposures are measured at the
sector level.

In this sense, constraints are not an admission of weakness. They are
the mechanism by which a theoretical rule becomes an institutional
portfolio.

1.4.7 Separate the layers of the investment pro-
cess

A reliable program separates four layers that are often conflated in
weak research:

1. Research layer: Defines hypotheses, data standards, candi-
date rules, and the evidence required for approval.

2. Portfolio layer: Converts approved signals into a diversified
set of intended exposures while applying risk budgets and con-
centration limits.

3. Execution layer: Translates intended exposures into
executable orders, taking account of liquidity, contract rolls,
trading schedules, and market conditions.

4. Control layer: Monitors data integrity, limit compliance,
model status, exceptions, valuation, and deviations between
intended and realized positions.

The separation is conceptually important. A strong research signal
does not automatically justify an executable trade. A portfolio con-
struction decision does not alter the underlying predictive hypothesis.
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An execution delay does not imply that the signal has changed. A con-
trol intervention should not silently become a discretionary investment
decision.

Keeping these layers distinct improves diagnosis when performance
differs from expectation. If realized returns disappoint, the team can
ask whether the issue arose from the economic premise, the portfolio
translation, implementation costs, or an operational failure. Without
clear layers, every problem becomes an undifferentiated “model issue,”
and the organization loses the ability to learn.

1.4.8 Research governance should make
rejection possible

The governance framework introduced earlier is valuable only if it can
prevent weak ideas from reaching production. A process that approves
every promising backtest is not a control system; it is a mechanism for
accumulating hidden model risk.

A practical approval process should require a documented research
record. The record need not be bureaucratic, but it should identify:

« the original hypothesis and intended economic role;

» the data sources and availability assumptions;

« the candidate specifications considered;

» the rationale for key parameter and universe choices;

« the sample divisions used for development and validation;

« the assumed costs, liquidity limits, and contract-roll procedures;
« the principal weaknesses and known failure modes;

« the expected live behavior of the strategy; and

« the conditions that would trigger review, suspension, or retire-
ment.
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Maintaining such a record reduces hindsight bias. It becomes possible
to distinguish a genuine model failure from a normal adverse period
that was anticipated in the original design. It also prevents researchers
from quietly revising a model’s rationale after observing new results.

Time-split validation is especially valuable because it asks the model
to face data that were not used to select it. The exact protocol can vary,
but the governing principle is stable: development, selection, and eval-
uation should not all occur on the same information set. Stress test-
ing serves a complementary purpose by asking whether the process
remains operationally and economically coherent under difficult but
plausible conditions.

A model should be monitored after deployment for the same reason
it was tested before deployment: markets, liquidity conditions, data
sources, and execution environments change. Monitoring does not
mean reacting to every disappointing month. It means comparing re-
alized behavior with the range of behavior anticipated during research
and investigating material deviations with discipline.

1.4.9 Robust design is disciplined humility

The deepest principle of systematic research is humility about what
historical evidence can establish. Historical data are finite. Market
regimes change. Transaction costs move. Competitors adapt. A model
can be sensible and still lose money for extended periods. Conversely,
a weak model can look impressive for long enough to attract capital.

The appropriate response is neither excessive skepticism nor blind
faith in statistical optimization. It is a process that recognizes uncer-
tainty explicitly:

« formulate a narrow and testable claim;

« use data that could have supported real-time decisions;

« limit unnecessary degrees of freedom;

« test plausible alternatives rather than only the preferred specifi-
cation;

« incorporate implementation constraints from the beginning;
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« separate research, portfolio construction, execution, and con-
trols;

« document assumptions and expected failure modes; and

+ continue monitoring after the model enters production.

This discipline does not guarantee future returns. It does something
more attainable and more valuable: it increases the chance that the
portfolio being traded is the portfolio that was researched, that its risks
are understood before they become losses, and that its apparent edge
is not simply a historical artifact.

1.5 From Research Idea to Production
Program

The earlier sections established the economic role of trend, the port-
folio objectives that shape a mandate, and the principles that make
a rules-based design durable. The remaining question is operational:
how does an idea become an investable managed-futures strategy that
can be traded, monitored, explained, and controlled over many years?

The answer is not “write a signal, then trade it.” A production strategy
is an operating system composed of linked decisions, data flows, con-
trols, and accountabilities. Research supplies an economic hypothesis
and a candidate rule set. Data engineering makes the required inputs
reliable and available at the right time. Modeling translates inputs into
forecasts or signals. Risk systems convert those signals into positions
consistent with the portfolio mandate. Execution turns target posi-
tions into actual trades. Monitoring checks whether the live process
remains aligned with its intended design. Governance determines who
may change the system, under what evidence, and with what record.

Each component has a distinct purpose, but none is independent. A
signal that cannot be calculated from timely data is not a live signal.
A portfolio construction method that produces positions too costly to
trade is not an implementable portfolio. A backtest that assumes fills
unavailable in the actual market is not evidence of likely live perfor-
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mance. Likewise, an operational process without clear ownership can
convert a minor data problem into an unmanaged investment risk.

1.5.1 The Lifecycle Is a Closed Loop, Not a Produc-
tion Line

It is useful to describe the lifecycle in a sequence, but the sequence
should not be mistaken for a one-way pipeline. A research hypothesis
may lead to a model; the model may reveal missing or unreliable data;
data limitations may require a revised specification; and live monitor-
ing may later reveal that an apparently sound assumption no longer
holds. The process therefore has forward movement toward deploy-
ment and controlled feedback from production back to research.

A practical lifecycle has four broad stages:

+ Build: formulate the investment hypothesis, assemble data, de-
fine the model, and specify the portfolio rules.

« Validate: test whether the proposed implementation is credi-
ble after accounting for uncertainty, trading frictions, and opera-
tional constraints.

» Deploy: calculate positions, manage orders, reconcile holdings,
and operate the strategy on the intended timetable.

« Oversee: monitor behavior, investigate exceptions, manage
changes, and maintain evidence that the live process follows its
approved specification.

These stages are best viewed as different forms of the same discipline:
converting an economic proposition into repeatable decisions under
uncertainty. The output of one stage becomes an input to the next. For
example, research produces a documented signal definition; validation
establishes the conditions under which that definition is acceptable; de-
ployment uses the approved definition to generate positions; oversight
compares observed behavior with the expected behavior described in
the research and validation records.

The core unit that moves through this lifecycle is not merely a line
of code. It is a complete, documented implementation package: the
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hypothesis, data definitions, calculation logic, parameter choices, risk
rules, trading assumptions, validation evidence, operating procedures,
and approval history. Treating these elements as a package prevents a
common failure mode in systematic investing: a model is approved on
one set of assumptions but traded under another.

1.5.2 Build: Turning an Investment Idea into an
Implementable Specification

The build stage begins with a question that can be stated clearly enough
to be wrong. For a trend-oriented futures strategy, the question may
concern whether sufficiently persistent price movement contains in-
formation about the direction of the next holding-period return. That
statement is still too broad to trade. It must be translated into decisions
that a system can make consistently.

The translation normally proceeds through several layers:

+ Economic or behavioral premise. Why might the effect ex-
ist? Trend persistence may be linked to gradual information dif-
fusion, institutional rebalancing, hedging demand, policy transi-
tions, or slow-moving changes in macroeconomic conditions.

+ Observable inputs. Which prices, contract specifications,
rates, and market-status fields are required? The inputs must be
known at the time the strategy is permitted to act.

« Signal rule. How are the inputs transformed into a directional
assessment? The rule must specify calculation windows, han-
dling of missing observations, treatment of contract rolls, and the
timing convention for using closing or intraday data.

+ Risk translation. How does a directional assessment become
an economically comparable position across equity-index,
government-bond, commodity, and currency futures?

« Portfolio rule. How are individual positions combined, con-
strained, and adjusted when markets are highly correlated or
when portfolio risk approaches a limit?
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« Trading rule. When is a target position calculated, when is it
sent for execution, and how is an unfilled order handled?

At every layer, simplicity is valuable because it makes the strategy eas-
ier to test, explain, and operate. Simplicity does not mean that a strat-
egy must use only one signal or one risk control. It means that each
component should have a defined job and that the full chain should
remain understandable. If two interacting rules produce a result, the
team should be able to explain why each rule is needed and how it af-
fects the final position.

Data design belongs in the build stage rather than being treated as
a downstream technical detail. Futures data are especially sensitive
to convention. The researcher must define which contract represents
each market exposure, how price histories are constructed across ex-
piries, how contract multipliers are applied, and how holidays, ex-
change closures, limit moves, and stale prices are handled. An attrac-
tive result can arise from a data convention rather than from an invest-
ment effect. Accordingly, the data process should preserve both the
raw observations and the transformation logic used to create research-
ready series.

The build stage also establishes the strategy’s timing model. A model
using end-of-day prices can generally act only after those prices are
known, often on the next practical execution opportunity. A portfolio
that calculates exposures weekly should not be evaluated as though it
traded continuously. Timing assumptions affect turnover, transaction
costs, realized volatility, and the character of drawdowns. They are
part of the economic specification, not merely software settings.

1.5.3 Validation: Testing the Whole Decision
Chain

Validation asks a broader question than whether a backtest has an at-
tractive return. It asks whether the proposed strategy remains credible
after realistic uncertainty is introduced. The relevant object of valida-
tion is the complete decision chain: data, signal, sizing, portfolio ag-
gregation, trading assumptions, and controls.

A useful distinction is between research evidence and release evidence.
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Research evidence supports the proposition that an effect may exist.
Release evidence supports the decision to allocate capital using a par-
ticular implementation of that effect. The latter standard is necessar-
ily higher. It must address not only return statistics but also imple-
mentability, sensitivity to assumptions, operational dependence, and
consistency with the mandate.

‘Workstream Core question Examples of evidence
Data Are the inputs accurate, Source lineage, contract-
timely, and reproducible? roll rules, missing-data

treatment, timestamp checks,
and reconciliation against
independent sources.

Signal and model Does the rule express the Formal rule definition,
stated hypothesis without un-  parameter sensitivity, be-
necessary complexity? havior across assets and

periods, and rationale for
each transformation.
Sizing and portfolio construc-  Does the combined portfolio  Volatility scaling tests, con-

tion deliver intended exposures centration analysis, correla-

within risk limits? tion stress tests, and limit be-
havior during rapid market
moves.

Trading and execution Can target positions be  Turnover estimates, bid—ask
reached at plausible cost and ~ and market-impact assump-
within the required time? tions, roll procedures, liquid-

ity screens, and treatment of
partial fills.

Operations and controls Can the strategy be run and ~ Runbooks, ownership assign-
supervised reliably? ments, exception procedures,

independent checks, and es-
calation thresholds.

Validation should distinguish a model’s economic behavior from favor-
able historical coincidence. A trend model, for example, may perform
well because it captures sustained moves across many markets and pe-
riods. It may also appear to perform well because the test selected a
particular lookback window, favorable start date, or data transforma-
tion. Robust validation attempts to separate these explanations.

This does not require finding a single perfect test. No test can prove
that future returns will resemble historical returns. Instead, the aim
is to accumulate evidence from different directions. Does the idea
survive reasonable parameter variation? Does it work across multi-
ple asset classes rather than being driven by one historical episode?
Does it retain a plausible portion of its performance after conservative
transaction-cost assumptions? Does the live calculation use only in-
formation that would actually have been available? Do losses occur in
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ways that are broadly consistent with the strategy’s stated risk profile?

The treatment of failures is as important as the treatment of successes.
A validation record should document where the model is expected to
struggle. Trend strategies can be vulnerable to reversals, range-bound
markets, abrupt changes in correlation, and periods in which strong
moves reverse before slower signals can adapt. These are not neces-
sarily reasons to reject the strategy. They are conditions that should
be recognized in risk limits, investor communications, and monitoring
procedures.

1.5.4 Deployment: Converting Targets into
Invested Capital

Deployment begins only after the strategy specification is approved
and operationally ready. Its central task is to ensure that the live portfo-
lio corresponds as closely as practical to the approved target portfolio.
This is harder than it sounds because a target is an instruction in model
space, while an actual portfolio is a set of contracts, orders, fills, cash
balances, margin requirements, and broker records.

A typical daily or periodic operating cycle contains the following ac-
tions:
« ingest and validate new market, reference, and account data;

« calculate signals and target exposures using the approved model
version;

« apply portfolio-level limits and translate exposures into tradable
contract quantities;

« compare target positions with current reconciled holdings;
« generate, review, and route orders according to execution rules;

« capture fills, update positions and cash, and reconcile internal
records with broker or clearing records;

« produce exception reports for missing data, breached limits, un-
usual turnover, failed orders, or material target-versus-actual dif-
ferences.
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The separation between target generation and order execution de-
serves emphasis. A research model may determine that a position
should increase from a modest long exposure to a larger long exposure.
Execution determines how that change is achieved in the market: im-
mediately or gradually, with which order type, subject to what liquidity
conditions, and with what response to partial fills. Conflating these re-
sponsibilities can make it difficult to determine whether an outcome
arose from the investment model or from the trading process.

Futures require several additional operational disciplines. Contracts
expire, so exposures must be rolled according to defined procedures.
Contract multipliers differ, so a single contract does not represent the
same dollar exposure in every market. Margin usage changes as prices
and volatility change, and a strategy that is within its ex ante risk tar-
get may still require careful liquidity and collateral management. Ex-
change trading calendars and market conventions differ across regions.
A durable process treats these details as normal features of the instru-
ment set rather than as rare exceptions.

Live operation should also preserve reproducibility. For every trading
decision, the manager should be able to reconstruct, after the fact, the
data available at the decision time, the model version used, the target
position produced, the constraints applied, and the orders and fills that
followed. This capability is valuable for investor reporting, operational
control, model review, and resolution of disputes. More fundamen-
tally, it makes the program auditable: the organization can distinguish
a justified model outcome from an unintended implementation devia-
tion.

1.5.5 Oversight: Monitoring Behavior and Man-
aging Change

A strategy can be operating exactly as designed and still lose money.
Monitoring is therefore not a search for any negative return; it is a pro-
cess for determining whether realized outcomes, exposures, and oper-
ations remain consistent with the approved design and current market
conditions.

Effective oversight monitors several categories simultaneously:
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« Data integrity: missing prices, stale observations, unexpected
contract changes, incorrect multipliers, and delayed feeds;

+ Model integrity: successful completion of calculations, stable
parameter files, expected signal ranges, and consistency between
independent calculation environments where applicable;

 Portfolio behavior: realized and forecast volatility, gross and
net exposures, asset-class contributions, concentration, correla-
tion changes, and use of risk limits;

« Execution quality: fill rates, timing, slippage, unfilled orders,
roll outcomes, and divergence between target and actual hold-
ings;

» Business and governance metrics: capacity usage, margin
and liquidity conditions, investor restrictions, operational inci-
dents, and model-change status.

The most useful monitoring compares actual observations with pre-
specified expectations. If a trend portfolio has unusually high turnover,
the relevant question is not simply whether turnover is high; it is
whether the increase follows from market reversals, a change in signal
inputs, a contract-roll event, or a systems problem. If realized volatil-
ity exceeds its target, the investigation should distinguish normal lag in
volatility estimation from an unexpected concentration or correlation
event. This expectation-based approach turns monitoring into diagno-
sis rather than passive reporting.

Not every observation requires a model change. Some deviations are
ordinary consequences of markets. Other deviations may call for a tem-
porary operational response, such as pausing trading in a market with
unreliable prices. A smaller set may justify a formal review of the un-
derlying design. Governance should define these categories in advance,
together with escalation paths and decision rights.

Changes require special discipline because they can quietly alter the
investment product. A revised data vendor, a new roll convention, a
different volatility estimator, or a modified execution schedule may ap-
pear operational, yet each can affect realized returns and risks. The
change-management process should therefore record the reason for
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the change, the expected impact, the tests performed, the approver, the
implementation date, and the method for verifying successful release.
Historical records should remain available so that live results can be
interpreted against the specification in force at the time.

1.5.6 Handoffs Are a Primary Source of Risk

Many weaknesses in systematic investing arise at the boundaries be-
tween teams rather than within a single model component. A re-
searcher may assume a continuous futures series that the production
system cannot construct in real time. A portfolio manager may ap-
prove a risk target without recognizing its margin implications under
stressed volatility. An execution team may alter an order schedule to
reduce market impact without assessing whether the delay changes the
strategy’s intended exposure. Each action may be reasonable in isola-
tion, but the combined result can differ from the tested strategy.

For this reason, each handoff should have defined inputs, outputs,
owners, and acceptance checks. The data function should provide an
agreed dataset with quality flags and provenance. Research should pro-
vide an unambiguous specification rather than only a notebook or a
backtest chart. Validation should provide documented findings, limita-
tions, and conditions for approval. Operations should have procedures
for normal runs and exceptional events. Oversight should receive suffi-
cient information to determine whether the live process remains within
mandate and control boundaries.

A strong managed-futures organization does not seek to eliminate all
human judgment. It assigns judgment to the right places. Humans
decide which hypotheses are worth studying, whether evidence is suf-
ficient for release, how exceptions should be escalated, and whether a
change is justified. The production system then applies approved rules
consistently, without allowing routine market noise or ad hoc discre-
tion to alter the investment process.

The lifecycle is therefore an ongoing cycle of specification, evidence,
implementation, observation, and controlled revision. Research with-
out operational discipline remains an idea. Operations without a val-
idated investment logic becomes mechanical activity. A durable sys-
tematic managed-futures business joins the two: it turns a repeatable
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economic process into an investable portfolio while preserving the con-
trols needed to understand, supervise, and improve it.

55



CHAPTER 1. FOUNDATIONS OF SYSTEMATIC MANAGED FUTURES

56



Chapter 2

Futures Instruments,
Market Universe, and
Data Architecture

Before a trend model can be judged, its raw materials must be trusted.
This chapter shows how managed futures research is won or lost
in the details of contract design, collateral economics, roll construc-
tion, market selection, and data hygiene—where small implementa-
tion choices quietly reshape signals, risk, and reported performance.

2.1 Futures Pricing, Exposure, and Daily
P&L

A trading model produces a directional instruction—long, short, or
flat—but an instruction alone is not a tradable position. To implement
it, the program must translate a quoted futures price into three distinct
quantities:

1. the economic exposure represented by one contract;
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2. the dollar gain or loss caused by a given price change; and

3. the cash movement created by daily settlement.

These calculations are elementary, but they are foundational. A mis-
taken multiplier, an incorrect tick size, or a mismatch between price
data and contract specifications directly contaminates position sizing,
volatility estimates, realized P&L, and risk reporting. A robust imple-
mentation therefore treats contract specifications as first-class data,
not as a static footnote to a price series.

2.1.1 From a Quote to a Dollar Exposure

Futures prices are quoted in native market units. An equity-index fu-
ture may be quoted in index points, a Treasury future in points and
fractions of points, an energy future in dollars per barrel, and an FX
future in units of one currency per unit of another. The quote is not
itself a dollar exposure. The contract multiplier supplies the missing
conversion.

Let P, be the futures price at time ¢, M the contract multiplier ex-
pressed in dollars per quoted price unit, and ¢; the number of contracts
held at time ¢.

For contracts whose quote is naturally expressed in dollar-valued price
units, the dollar notional value of one contract is

N, = P, M.

The gross notional value of a position is then |¢:| P, M.

For example, suppose an index future is quoted at $5,000.00 index
points and has a multiplier of $50 per index point. One contract repre-
sents

N; = 5,000.00 x $50 = $250,000

of index exposure. A long position of four contracts has $1,000,000
of gross notional exposure. A short position of four contracts has the
same gross notional amount, but the opposite directional exposure.

The multiplier is sometimes described as the point value. This termi-
nology is useful because it emphasizes its operational role: it converts
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a one-point move in the quoted futures price into a dollar P&L amount
for one contract. If the price rises by one full index point in the pre-
ceding example, a long contract earns $50, while a short contract loses
$50.

Not every contract quote should be interpreted as a conventional dol-
lar price. A rate future quoted as 100 minus an interest rate, for in-
stance, has a price convention designed for that market rather than
for intuitive percentage-return arithmetic. The same core rule still ap-
plies: the exchange specifies a multiplier that maps the quoted price
change into dollars. A production system should use that contractual
mapping directly rather than infer dollar sensitivity from an informal
interpretation of the quote.

Futures are also traded in discrete minimum price increments, called
ticks. Let § be the minimum price increment, or tick size, and let v;.
be the dollar value of one tick for one contract.

The tick value follows directly from the multiplier:

Vtick = oM.

Returning to the index-futures example, suppose the minimum tick is
0.25 index points. The dollar value of one tick is

veiek = 0.25 x $50 = $12.50.

A price move of 1.00 index point is four ticks and therefore equals $50
per contract. The tick is the smallest practical unit of both price move-
ment and exchange-calculated P&L.

2.1.2 Notional Exposure Is Not the Same as Risk

Notional is necessary for describing scale, but it is not a complete mea-
sure of risk. A $250,000 equity-index position and a $250,000 com-
modity position may have very different daily volatility. Likewise, two
contracts with similar-looking quoted prices may have radically differ-
ent tick values and multipliers.

For a contract whose price changes can be interpreted approximately
in percentage terms, a small proportional price move r; produces a one-
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contract dollar P&L of approximately
P&Lf =~ Nt—l’rt-

Ifthe $250,000 index contract experiences a 1% move, its approximate
one-contract P&L is

$250,000 x 1% = $2,500.

That number is economically meaningful only when combined with a
view of plausible price movement. If the instrument’s daily volatility is
1%, a $2,500 one-day move is a typical scale estimate. If daily volatility
is 3%, the comparable estimate is $7,500. The notional did not change;
the expected variability of the exposure did.

This distinction explains why a portfolio cannot be constructed sensi-
bly by assigning equal numbers of contracts to each market, or even
by assigning equal notional amounts. A single energy contract, equity-
index contract, government-bond contract, or currency contract may
each represent a different amount of daily dollar risk. Later position-
sizing rules will formalize this intuition by scaling positions with volatil-
ity estimates. At the contract level, however, the essential input is sim-
pler: the system must first know how a native quote change becomes a
dollar change.

The phrase leverage can also cause confusion. A futures position can
provide large notional exposure relative to the cash posted to support
it. This is often called notional leverage:

Gross Notional,

t

A portfolio with $10 million of net asset value and $40 million of gross
futures notional has four times notional leverage. That ratio describes
the scale of contractual exposure relative to capital; it does not by itself
establish that the portfolio is dangerously risky. A diversified portfo-
lio with stable, low-volatility exposures can have higher gross notional
than a concentrated portfolio with unstable exposures, yet have lower
expected variation in portfolio value.

Conversely, low stated margin requirements do not imply low risk.
Margin is a performance-bond requirement set by the clearing system
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and may change with market conditions. The economic risk of a po-
sition comes from price sensitivity and the size of plausible adverse
moves, not from the initial cash amount posted to establish the posi-
tion. Margin and cash management are addressed in the next section;
the point here is that risk begins with the contract’s P&L conversion.

2.1.3 Daily Mark-to-Market and Variation P&L

Unlike an uncollateralized forward contract, a futures position is reval-
ued through the clearing process on each clearing business day. The
exchange establishes a settlement price for each contract. The change
from the prior relevant settlement price is converted into cash varia-
tion, commonly called variation margin or settlement variation.

For a position of ¢;_; contracts carried from the end of day ¢ — 1 to the
end of day ¢, daily trading P&L is

P&L;, = q;—1 M (S, — Si—1),

where S; and S;_; are the exchange settlement prices. A positive ¢;_;
denotes a long position, and a negative value denotes a short position.

The sign convention handles both directions automatically:
» A long position earns money when S; > S;_; and loses money
when S; < S;_1.
« A short position earns money when S; < S;_; and loses money
when S; > S;_;.
For the one-contract long index-futures example, a rise from 5,000.00
to 5,012.75 produces
P&L; =1 x $50 x (5,012.75 — 5,000.00)
= $637.50.

The same movement for a two-contract short position produces

P&L, = —2 x $50 x 12.75
= —$1,275.00.
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The tick formulation is equivalent and is often useful for operational
checks. If the settlement change is k; ticks, then

P&L; = qi—1kivsick-

In the example, 12.75/0.25 = 51 ticks. One long contract therefore
earns
51 x $12.50 = $637.50.

The clearing process turns this calculated P&L into a cash movement.
A gainis credited to the account; aloss is debited. Thus, a futures profit
is not merely an unrealized accounting entry held until the position is
closed. It is settled incrementally as the contract is marked from one
day to the next. This daily cash realization is why a strategy can be
economically correct over a long horizon yet still face meaningful cash
demands during a sequence of adverse days.

For a position initiated during day ¢, the first settlement calculation is
generally based on the difference between the execution price and that
day’s settlement price:

P&L{™Y = g M(S, — F,),

where F; is the executed fill price and ¢}'** is the quantity opened. If
a program both carries an existing position and trades during the day,
its actual realized variation is best calculated at the lot level or from the
clearing statement. The simple end-of-day formula above is the correct
building block for a backtest that assumes positions are established at a
clearly defined execution time and then carried to the next settlement.

2.1.4 A Contract-Level Worked Example

The following table summarizes the arithmetic for the illustrative index
future. The numbers are deliberately simple, but the process is identi-
cal for every contract once the correct price convention and multiplier
have been supplied.

Several practical lessons follow from this small example.

First, the contract’s price level affects notional exposure. If the quoted
index rises from 5,000 to 6,000, the one-contract notional rises from
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Table 2.1: Contract arithmetic for an illustrative index future

Item Calculation Result

Quoted price P_q 5,000.00 points
Contract multiplier M $50 per point
Minimum tick é 0.25 points
Tick value SM $12.50
One-contract notional P 1M $250,000
Settlement price change St — Si—1 +12.75 points
Settlement change in ticks +51 ticks
One-contract long P&L 1 x50 x 12.75 +$637.50
Three-contract short P&L —3 X 50 x 12.75 —$1,912.50

$250,000 to $300,000, even though the multiplier remains $50 per
point. A fixed contract count does not necessarily imply a fixed dollar
exposure through time.

Second, the multiplier affects every layer of the calculation. It deter-
mines the tick value, notional amount, and dollar P&L. Using a mul-
tiplier that is ten times too large creates a backtest with ten times the
intended risk and P&L. Such an error can remain hidden if reported
returns are subsequently rescaled, but it will reappear in turnover esti-
mates, capacity analysis, drawdown dollars, and margin simulations.

Third, daily P&L is based on changes in settlement prices, not on the
quoted notional amount itself. A large notional contract can have a
small daily P&L if its price is stable, while a lower-notional contract
can produce large P&L swings if its price is volatile.

2.1.5 Price Conventions Require Instrument-
Specific Care

The universal P&L equation is simple, but the interpretation of P; dif-
fers by sector. The safest implementation principle is to treat the ex-
change quote convention and the contract multiplier as an inseparable
pair.

A common source of error is to calculate percentage returns directly
from a raw futures quote and assume that those returns are compa-
rable across instruments. This can be reasonable for some equity or
commodity futures, but it can be misleading for rate contracts, bond
contracts, and contracts with nonstandard quotation units. For portfo-
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Table 2.2: Common quote conventions and their implementation im-

plications

Contract type

Typical quote convention

Key arithmetic rule

Equity-index future

Commodity future

FX future

Short-rate future

Government-bond future

Index points

Currency per physical unit,
such as dollars per barrel or
per bushel

One currency expressed per
unit of another currency

Index convention often re-
lated to 100 minus a rate

Price in points and fractional
increments, often relative to
par

Multiply the point change by
the dollar value per index
point.

Multiply the price change per
physical unit by the contract
quantity.

Confirm the quotation direc-
tion and the contract’s cur-
rency amount before convert-
ing P&L into the portfolio
base currency.

Use the exchange multiplier
and tick-value specification;
do not treat a one-point move
as a one-percentage-point
interest-rate move.

Convert the stated point-and-
fraction quote using the spec-
ified point value and frac-

tional tick convention.

lio risk estimation, the more general and reliable starting point is the
dollar P&L series:

AVii = qip—1M;(Sit — Sit—1),

where i indexes instruments. Dollar P&L can then be normalized by
portfolio capital, target risk, or an instrument-level risk estimate ac-
cording to the portfolio construction rule.

When the contract is denominated in a currency other than the portfo-
lio’s reporting currency, one additional conversion is needed. If X is
the value of one unit of the contract P&L currency in the portfolio base
currency, then base-currency P&L is

P&L"*¢ = P&LL X,
The timing convention for X; must be explicit. Using same-day closing
FX, prior-day FX, or an execution-time FX rate can each be defensible

in a particular setting, but mixing conventions silently introduces noise
into reported returns.
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2.1.6 Settlement Prices, Execution Prices, and
Backtest P&L

A research system must distinguish the price used to generate a signal,
the price assumed for execution, and the price used for daily marking.
These may coincide in a simplified test, but they represent different
economic events.

 Signal price: the observation available to the model when it
decides whether to hold, buy, or sell.

« Execution price: the assumed price at which a position change
occurs, adjusted later for spreads, slippage, and other trading
costs.

+ Settlement price: the exchange-defined reference price used
to calculate daily variation and to reconcile with clearing records.

A clean daily simulation commonly follows this sequence:

1. Observe information available at the decision time.
2. Determine the target position for the next holding period.

3. Execute the change in position according to a stated execution
convention.

4. Carry the resulting position through the next settlement interval.

5. Calculate holding P&L from the settlement-to-settlement price
change.

This ordering prevents look-ahead bias. A strategy must not use the
final settlement price to form a signal and also assume it traded at that
same price unless the operational timing genuinely permits it.

For a simple end-of-day model, an internally consistent convention is
to generate a signal from information through day ¢ — 1, trade at a speci-
fied day-t price, and mark the resulting position at the day-¢ settlement.
An alternative is to trade at the day-¢ close and begin P&L measurement
from day ¢ to day ¢ + 1. Either choice can be valid. What matters is that
the decision timestamp, execution assumption, and P&L interval are
aligned.
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2.1.7 Essential Contract Data and Validation

Checks

A tradable futures database requires more than a column of daily clos-
ing prices. At minimum, the instrument master should retain the fields
needed to reproduce exposure and variation P&L.

Table 2.3: Minimum contract metadata for exposure and P&L calcula-

tion

Field

Purpose

Exchange and contract identifier

Quote convention and currency

Contract multiplier or point value

Tick size and tick value

Official settlement price

Trading calendar and settlement dates

Specification effective dates

Reporting-currency conversion series

Distinguishes the precise listed instrument
from similarly named products.

Establishes the meaning of the price field and
the currency in which P&L is initially mea-
sured.

Converts price changes into dollar P&L and
price levels into notional exposure where ap-
plicable.

Supports price validation, execution-cost mod-
eling, and reconciliation of P&L to discrete ex-
change increments.

Provides the mark used for daily variation cal-
culations.

Identifies valid marking days and prevents
spurious returns across holidays or exchange
closures.

Preserves historical correctness when multipli-
ers, tick sizes, or listing conventions change.
Converts local-currency P&L consistently
when required.

Several validation tests should be automated before a contract enters

research or production calculations:

1. Verify that observed price changes are compatible with the stated
tick size, allowing for known vendor rounding conventions.

2. Recalculate the tick value as §M and compare it with the ex-

change specification.

3. Test a sample of daily P&L observations against broker or
clearing-statement calculations when such records are available.

4. Flag price discontinuities that are too large to be explained by
normal trading and investigate whether they reflect contract tran-
sitions, vendor corrections, or changed quote conventions.
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5. Apply specification changes from their effective dates rather than
imposing current contract terms on historical observations.

The goal is not merely accurate bookkeeping. Position-sizing rules
later in the process will use this same contract arithmetic to turn target
risk into integer contract quantities. If the underlying dollar conver-
sion is wrong, every downstream calculation may appear mathemati-
cally sophisticated while being economically incorrect.

At this stage, the key result is compact. A futures quote becomes a po-
sition only after it is paired with a multiplier, a tick convention, and
a contract count. Daily settlement changes then convert that position
into realized cash variation. Notional describes the scale of the contrac-
tual exposure; price variability determines how much that exposure
can change in value. These distinctions provide the mechanical foun-
dation for the collateral and cash-management decisions that follow.

2.2 Collateral, Financing, and Cash Man-
agement

The daily P&L arithmetic developed in the preceding section describes
how a futures position gains or loses value. A futures portfolio, how-
ever, is not operated solely through a record of positions and settle-
ment prices. Each day, gains and losses are transferred through the
clearing system as cash variation. At the same time, the investor’s cap-
ital that is not required for margin can earn a return, remain in im-
mediately available cash, or be committed to other eligible collateral
arrangements.

This balance-sheet layer matters for three reasons. First, it determines
whether the portfolio can meet daily cash obligations without disrupt-
ing the trading strategy. Second, it contributes to realized total return
through collateral income and financing costs. Third, it constrains scal-
able implementation: a portfolio may have acceptable modeled volatil-
ity but still be operationally fragile if its liquidity resources cannot ab-
sorb stressed variation calls, margin increases, or settlement timing
differences.

The appropriate mental model is therefore not that a futures position is

67



CHAPTER 2. FUTURES INSTRUMENTS, MARKET UNIVERSE, AND DATA ARCHITECTURE

“free” because it does not require payment of its full notional amount.
Rather, futures provide notional exposure while requiring a disciplined
pool of cash, eligible collateral, and liquidity reserves behind that expo-
sure.

2.2.1 Three Balances That Must Not Be Confused

A robust accounting framework distinguishes among portfolio net as-
set value, posted margin, and available liquidity.

« Net asset value (NAV) The economic value of the investor’s
capital after realized trading P&L, collateral income, financing
costs, fees, and other expenses. NAV is the appropriate denomi-
nator for portfolio returns and risk targets.

« Posted margin Assets held at, or pledged through, the futures
commission merchant (FCM) and clearing system to support
open positions. Posted margin may include initial margin and
additional house requirements. It is a restricted or encumbered
use of capital, but it is not the purchase price of the futures no-
tional exposure.

» Available liquidity Cash and assets that can be converted into
settlement-ready funds within the relevant operational deadline,
with sufficient certainty of value and transferability. Available
liquidity is the quantity that matters when variation losses or ad-
ditional margin requirements must be paid.

These quantities can move in different directions. A portfolio may have
substantial NAV but insufficient same-day liquidity because capital is
invested in instruments that cannot be sold or funded quickly enough.
Conversely, a portfolio may hold ample cash while its posted margin
remains relatively small. The latter condition may appear inefficient
in a narrow accounting sense, but it can be prudent when price shocks,
exchange deadlines, or cross-border settlement frictions are material.

Initial margin and variation margin serve different functions.

+ Initial margin is the amount required to establish and main-
tain a position. It is intended to provide a performance bond
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against potential future losses. Exchanges set baseline require-
ments, while clearing members and FCMs may impose higher re-
quirements.

+ Variation margin is the cash transfer generated by the daily
mark-to-market process. A loss is paid out of the account, while
a gain is credited to it. Futures gains and losses are therefore
banked in cash daily rather than accumulated only until the posi-
tion is closed.

Initial margin is not a fee and is not a direct measure of expected loss.
It is a requirement that can change when exchanges or intermediaries
reassess market conditions. Variation margin, in contrast, is the real-
ized daily economic result of the position’s settlement-price movement.
A portfolio can satisfy its initial-margin requirement at the beginning
of the day and nevertheless require a large cash payment after a suffi-
ciently adverse settlement move.

2.2,.2 The Daily Cash-Flow Sequence

The daily settlement cycle provides the operational link between trad-
ing P&L and cash management. Although the precise sequence, timing,
and cutoffs differ by clearinghouse, FCM, currency, and account struc-
ture, the economic logic is consistent.

Suppose a portfolio begins the day with a long futures position and a
pool of cash collateral. At the end of the clearing day, the exchange es-
tablishes the official settlement price. The clearing process then calcu-
lates the change in value of the position relative to the prior settlement,
using the applicable contract specifications and rounding rules. If the
position lost value, variation is debited; if it gained value, variation is
credited.

A simplified end-of-day sequence is:

1. The exchange determines the settlement price for each open con-
tract.

2. The clearing system calculates settlement variation from the rel-
evant prior mark or execution price.
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3. Daily gains are credited and daily losses are debited in cash.

4. The FCM evaluates the resulting account equity against exchange,
clearing-member, and house margin requirements.

5. The portfolio transfers additional funds if needed, or receives ex-
cess funds where permitted by its account arrangements.

6. Cash not needed for immediate settlement or margin buffers is
allocated according to the collateral and liquidity policy.

The key practical point is that a favorable trading result increases
cash resources promptly, while an unfavorable result consumes them
promptly. This makes the timing of cash flows materially different
from an unlevered cash-security portfolio in which a price decline can
remain unrealized until a sale. A futures portfolio can remain econom-
ically solvent over a long horizon but still be forced to reduce positions
if it cannot fund short-term variation obligations.

Consider a stylized portfolio with $100 million of NAV. It holds a di-
versified set of futures positions and begins the day with $12 million
of posted margin, $10 million in immediately available cash, and the
remaining assets in short-dated government instruments that can nor-
mally be converted to cash quickly. An adverse day produces $6 million
of variation losses, while the FCM increases its required margin by $2
million in response to higher volatility.

The portfolio’s economic loss is $6 million before collateral income and
other costs, reducing NAV to approximately $94 million. Its opera-
tional cash demand, however, is potentially $8 million: $6 million for
variation plus $2 million of additional required margin. The distinc-
tion is important. The margin increase is not an additional economic
loss, but it reduces cash available for other purposes and may require
asset sales or funding transactions. A treasury process must plan for
both effects.

2.2.3 Collateralized Futures Return

A fully collateralized futures investment combines a futures trading re-
turn with the return earned on the capital supporting the position. In
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simplified form, the period change in NAV can be written as
ANA‘/t _ VMt + Itcollateral _ Ft _ Ct7

where the components are:

» VM, = daily settlement variation from futures positions.
o [gollateral = jncome earned on eligible cash and collateral assets.
+ F; = funding expense, including borrowing and liquidity costs.

« (; = trading costs, fees, and other operating costs.

Expressed as a return on beginning-of-period NAV,

VMt Itcollateral Ft + Ct

total __ _
B = Navo, T NAvL, T Navi,

This decomposition is deliberately simple. Its purpose is to sepa-
rate the return earned from futures price movements from the return
earned, or cost incurred, by the capital structure supporting those po-
sitions.

The distinction is particularly important when comparing futures per-
formance through time. A price-only futures series measures changes
in contract prices. An excess-return futures series typically incorpo-
rates the economics of maintaining and replacing futures exposure but
excludes the income on collateral. A total-return series adds the return
on a specified collateral instrument or cash benchmark. These series
answer different questions and should not be mixed in research or per-
formance reporting.

For a portfolio that is fully funded with investor capital and invests sur-
plus cash in short-dated government instruments, collateral income
can be a meaningful contributor to total return, particularly when
short-term interest rates are elevated. When short-term rates are low,
the same component may be small. If the portfolio borrows cash, posts
non-cash collateral subject to haircuts, or funds positions through a fi-
nancing arrangement with a spread over a benchmark rate, the financ-
ing component may instead reduce return.
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The relevant question is not whether collateral return is “alpha.” It is
a structural component of the realized economics of a collateralized
futures portfolio. A research framework should report it separately,
so that the contribution of the trading model remains distinguishable
from the contribution of the prevailing cash-rate environment.

2.2.4 Cash Is Not a Single Homogeneous Asset

An operational treasury function classifies assets by availability, eligi-
bility, currency, and legal location. A balance held in a money market
fund, a Treasury bill maturing in several weeks, cash at a custodian,
and collateral already posted to an FCM may all be economically safe
assets, but they are not interchangeable at a particular settlement dead-
line.

A useful classification has three layers:

1. Settlement cash: immediately available funds in the required
currency, held where they can be used to meet known or unex-
pected variation obligations.

2. Liquidity reserve: highly liquid assets that can be converted
into settlement cash quickly and reliably, including under
stressed conditions. The reserve is intended to cover uncertainty
in variation, margin changes, and timing.

3. Return-seeking collateral assets: eligible short-duration in-
struments held to earn collateral income while preserving capital.
These assets may be liquid, but they should not be assumed to be
equivalent to same-day cash without considering sale settlement,
haircuts, concentration limits, and market conditions.

The allocation among these layers is a policy choice. Holding all cap-
ital as non-interest-bearing cash maximizes immediate flexibility but
may sacrifice collateral income. Investing all excess capital in longer-
duration or less-liquid instruments may increase yield in ordinary con-
ditions but can create a funding problem when losses and margin calls
arrive together. The treasury objective is not to maximize a quoted
yield in isolation. Itis to maintain a reliable liquidity profile while earn-
ing an appropriate return on genuinely surplus balances.
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The table below summarizes the functional distinction.

Table 2.4: Functional layers of futures portfolio cash management

Cash layer

Primary purpose

Principal
tion concern

implementa-

Settlement cash

Liquidity reserve

Collateral investment

Meet variation and margin
obligations by the required
deadline

Absorb stressed losses and
margin changes without
forced position reductions
Earn income on capital not
needed for immediate obliga-
tions

Currency availability, bank
cutoffs, intraday transfer ca-
pacity, and account location
Speed and certainty of lig-
uidation, valuation haircuts,
and concentration risk
Eligibility, duration, issuer
exposure, liquidity, and rein-
vestment terms

Posted margin Support open positions un-  Encumbrance, permitted
der clearing and FCM require-  forms of collateral, and

ments changes in required amounts

The policy should be expressed in operational terms rather than vague
language such as “maintain ample liquidity.” For example, a program
can define a minimum amount of same-day settlement cash, a stress
loss horizon to be covered by liquid reserves, concentration limits for
collateral issuers, and a maximum maturity for instruments used to
support anticipated margin needs. The precise parameters depend on
portfolio volatility, market coverage, investor mandate, legal structure,
and the liquidity of the assets available to the manager.

2.2.5 Funding Needs Under Stress

A portfolio’s largest cash need often occurs when several adverse con-
ditions coincide:

« futures positions incur correlated losses;

« exchanges or FCMs increase margin requirements;

» bid—ask spreads widen in the assets intended to provide liquidity;
« multiple currencies require funding at different times;

« markets move sharply outside the portfolio’s primary operating
hours; and

« investors request redemptions or reduce committed capital.
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These events are related but should be modeled separately. A daily
volatility estimate may capture ordinary variation in futures P&L, but
it does not fully capture a margin increase, a settlement-timing mis-
match, or the cost of liquidating a collateral asset in stressed condi-
tions.

A practical liquidity stress calculation begins with projected variation
under an adverse scenario. Let LV denote a projected loss from daily
variation, L/™ an incremental initial-margin requirement, and L°*he"
other near-term cash demands, such as fees, collateral haircuts, or ex-
pected investor withdrawals. The required liquidity buffer can be ex-
pressed as

Brequired Z LV]VI 4 LIM T Loth,er.

This is not a complete risk model. It is an operational funding con-
straint. The quantities should be evaluated under scenarios that recog-
nize diversification can weaken during market stress. A portfolio that
normally has offsetting exposures may experience losses in several sec-
tors simultaneously when macroeconomic conditions shift rapidly or
when volatility rises broadly.

The timing dimension is equally important. A short-dated government
security may be highly liquid in an economic sense but still fail to pro-
vide funds before a particular clearing deadline if it must first be sold,
settled, and transferred. For this reason, liquidity reports should dis-
tinguish:

« funds available immediately;

» funds available by the next relevant settlement deadline;

funds available within one business day;

funds available within several business days; and

« assets whose liquidity is uncertain under stress.

A portfolio that reports only aggregate cash and securities holdings
cannot answer the most important operational question: “Can the re-
quired funds be delivered in the required currency, to the required ac-
count, before the required cutoff?”
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2.2.6 Segregation, Custody, and Legal Location

Customer margin assets held at an FCM are subject to customer-
protection and segregation requirements. In particular, customer
funds are required to be segregated from the FCM’s own funds. This
legal separation is central to the custody architecture of a futures port-
folio, but it does not eliminate operational, market, or liquidity risk.
The manager must still understand where assets are held, how they are
titled, which claims apply in an insolvency scenario, and what assets
are eligible to support positions.

For domestic futures activity, the account structure, permissible invest-
ments, and segregation treatment constrain how collateral can be de-
ployed. A treasury policy should not assume that every asset held by
the fund can be moved freely among custodians, FCMs, clearing ac-
counts, and investment vehicles on demand.

Foreign futures introduce additional complexity. A U.S.-based struc-
ture carrying foreign futures may involve the Part 30 secured amount
framework, which is distinct from the domestic customer-segregation
regime. The operational implications can include different account
designations, currency requirements, custodial arrangements, and le-
gal protections. Eligibility and treatment may also differ by jurisdiction
and intermediary.

The appropriate response is governance, not informal assumptions.
The program should maintain current documentation of:

« each FCM, custodian, bank, and clearing relationship;

« the legal entity that owns each account;

« the currencies and instruments accepted as collateral;

« concentration and issuer limits for collateral assets;

« transfer cutoffs and estimated funding times;

« relevant segregation or secured-account treatment; and

« escalation procedures if a required transfer cannot be completed.
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Legal and regulatory treatment should be reviewed with qualified coun-
sel and the relevant service providers. A trading system can calculate
required contracts precisely, but it cannot compensate for an account
structure that prevents cash from reaching the required destination
when needed.

2.2.7 Financing Assumptions in Research and
Performance Measurement

Backtests often focus narrowly on futures price changes. That can be
appropriate when the research objective is to isolate signal quality, but
it is incomplete as a representation of investable total return. A realis-
tic simulation should state how it treats collateral and financing.

At minimum, the methodology should specify:

1. the return earned on unencumbered cash;

2. whether posted margin earns the same, a lower, or no modeled
return;

3. the timing used to apply collateral income;

4. borrowing rates and spreads if the portfolio can use external fi-
nancing;

5. any assumed haircuts on non-cash collateral;

6. whether variation losses immediately reduce the investable cash
balance; and

7. the treatment of transaction costs, management fees, and admin-
istrative expenses.
For a simple fully collateralized simulation, the daily cash return may
be approximated by

collateral __ investable,.cash
h = L

where Cjnvestable jg the cash balance eligible to earn the modeled cash
return and r{?*" is the applicable daily cash rate. The model should
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define whether the investable balance is measured before or after ex-
pected variation, whether margin balances are included, and whether
different currencies earn different rates.

For a multi-currency portfolio, a single domestic cash benchmark can
be a useful reporting simplification but may not describe actual fund-
ing economics. A portfolio that posts margin in several currencies can
face different short-term rates, funding spreads, and settlement con-
ventions. These differences should be modeled when they are material
to the strategy’s scale or geographic scope.

The purpose of such assumptions is not to create false precision. Cash
rates, FCM terms, eligible collateral rules, and funding spreads change
over time. The objective is transparency: the historical results should
identify what came from futures trading, what came from collateral
income, and what was consumed by financing and implementation.

2.2.8 A Practical Cash Governance Framework

Cash management becomes scalable when responsibilities, thresholds,
and data are explicit. The following controls are particularly useful:

The daily reconciliation deserves particular emphasis. The internal es-
timate of settlement variation should be compared with the FCM’s ac-
tual calculation. Differences can arise from execution timing, exchange
rounding conventions, contract-level settlement rules, intraday trades,
currency conversion, fees, or stale reference data. Small unexplained
breaks should not be dismissed as operational noise; they may reveal a
flawed contract specification, an incorrect position record, or a timing
mismatch that becomes consequential at larger scale.

2.2.9 The Central Trade-Off

The cash architecture of a futures portfolio is an exercise in balancing
return, liquidity, and resilience.

Holding more immediately available cash reduces the probability that
the portfolio will need to sell assets or reduce positions after an adverse
move. Investing more capital in yield-bearing collateral can improve
ordinary-period returns, but only if the assets remain eligible and suf-
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Table 2.5: Core controls for futures collateral and liquidity manage-
ment

Control Purpose

Daily cash and margin reconciliation Confirms that internal P&L, clearing variation,
posted margin, and available balances agree
with FCM and custodian records.

Forward liquidity forecast Estimates cash needs over upcoming set-
tlement dates, including plausible variation,
known margin changes, and scheduled trans-
fers.

Stress funding report Tests whether the portfolio can meet adverse
variation and margin scenarios without forced
liquidation of futures positions.

Collateral eligibility register Records which assets are accepted by each
intermediary, applicable haircuts, valuation
rules, and concentration constraints.

Currency-level cash report Prevents a surplus in one currency from being
mistaken for immediately usable liquidity in
another.

Transfer and cutoff calendar Captures bank holidays, exchange holidays,

time-zone differences, and deadlines for de-
posits or withdrawals.

Escalation protocol Defines who can authorize asset sales, borrow-
ing, collateral substitutions, or risk reductions
when liquidity thresholds are breached.

ficiently liquid when cash is needed. Using external financing can pre-
serve invested collateral, but it introduces borrowing costs, counter-
party dependencies, and refinancing risk.

There is no universally optimal allocation because the answer depends
on the volatility of the portfolio, the speed of potential losses, the re-
liability of funding sources, the legal structure of accounts, and the
tolerance for operational disruption. What is universal is the need to
separate economic capital from immediately usable cash and to model
variation margin as a real daily cash flow.

Futures price movements determine trading P&L. Collateral policy de-
termines how that P&L is funded, where uncommitted capital is held,
and how much of the portfolio’s total return is retained after financing.
With those mechanics in place, the next task is to examine how the
choice and transition of futures maturities affect return even when the
underlying exposure remains unchanged.
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2.3 Term Structure, Carry, and Roll Eco-
nomics

A futures position is defined not only by the underlying reference asset
but also by its delivery or settlement month. At any point in time, a
market may list several contracts on the same underlying exposure: a
near-dated contract, one or more intermediate maturities, and longer-
dated contracts. The collection of prices for these maturities is the fu-
tures term structure, or futures curve.

The curve matters because a portfolio that wishes to maintain an ex-
posure cannot normally hold one contract indefinitely. Before the ac-
tive contract reaches its final trading or delivery period, the portfolio
must close it and establish exposure in a later maturity. This process is
the roll. The price difference between the outgoing and incoming con-
tracts, together with the subsequent change in the new contract’s price
as it approaches expiry, creates a return component that is separate
from broad movements in the underlying market.

For a trend-following portfolio, this distinction is important. A trend
signal may correctly identify a sustained rise in an underlying commod-
ity, bond, currency, or equity index, yet the realized futures return can
differ from the apparent underlying move because the traded contract
matures and must be replaced. Conversely, a favorable curve can sup-
port returns even when the underlying reference price changes little.
Trend and carry are therefore distinct sources of information and re-
turn, even though both are expressed through the same futures con-
tracts.

2.3.1 The Futures Curve

Let F}(T) denote the futures price observed at date ¢ for a contract ex-
piring or settling at date 7. At a fixed date ¢, the term structure is the
relationship between F;(7') and time to maturity:

T=T-—1.
For simplicity, suppose a market has a front contract with maturity
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T) and a later contract with maturity 75, where 7, > Tj. The front
contract price is F;(71), and the next contract price is F;(75).

A market is in contango when later-dated futures are more expensive
than nearer-dated futures:

Ft(TQ) > Ft(Tl)

It is in backwardation when later-dated futures are cheaper than
nearer-dated futures:

Ft<T2) < Ft(Tl)

These labels describe the slope of the curve at a point in time. They do
not, by themselves, predict the next daily price change. A contangoed
market can rise sharply, and a backwardated market can fall sharply.
The slope instead describes the relative price of exposure at different
maturities.
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Term Structure and the Direction of Long Roll Yield
Contango: later contracts trade at higher prices

110 A
105 4 Long roll headwind if spot is unchanged |
] buy next at 102, convergence toward 100
s
¥ 100
L
=
5
= g5 Next contract
Front contract
90 4
T T T T T T
Backwardation: later contracts trade at lower prices
110 A
Front contract
8 105 + Next contract
s
w1 4
] 100
2 ]
z Long roll tailwind if spot is unchanged:
95 1 buy next at 98, convergence toward 100
90 1

Months to maturity

itive decompesition: futures total return = futures excess return (price movement and roll effects) + collateral 1

The terms can be interpreted economically, but the interpretation dif-
fers by asset class and market conditions. In physical commodities, the
slope may reflect storage costs, financing costs, inventory availability,
and the convenience yield associated with possessing the physical com-
modity now rather than later. A market experiencing tight inventories
may place a premium on nearby delivery, contributing to backwarda-
tion. A market with ample inventories and meaningful storage costs
may exhibit contango.

In financial futures, the curve reflects other economic relationships.
Interest-rate expectations, funding conditions, dividend assumptions,
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currency interest-rate differentials, and the delivery features of the con-
tract can all influence the maturity structure. The common principle
is that the price of a future delivery date need not equal the price of
a nearer delivery date, even when both contracts reference closely re-
lated economic exposure.

2.3.2 Why Rolling Is Necessary

A futures contract has a finite life. A portfolio that holds a contract
until its final trading day may face declining liquidity, unusual settle-
ment dynamics, or delivery-related obligations that it does not intend
to assume. Accordingly, a systematic portfolio normally transfers its
exposure before a contract reaches the relevant operational cutoff.

For a long position, a roll usually involves two transactions:

« sell the outgoing contract; and

+ buy a later-dated contract.
For a short position, the directions are reversed:

 buy back the outgoing contract; and

« sell a later-dated contract.

The immediate act of exchanging one maturity for another should not
be confused with a free profit or loss. If the portfolio sells one contract
at its current market price and buys another at its current market price,
both prices are observable and the trade is economically transparent.
The roll becomes a source of return because the new contract has a dif-
ferent maturity and, as time passes, its price may converge toward the
price of the underlying reference or toward the then-nearby contract.

A useful thought experiment holds the underlying economic conditions
constant. Suppose the front futures price is 100, and the next futures
price is 105. The curve is in contango. A long investor replacing the
front contract with the next contract acquires the new exposure at 105.
If the underlying reference price and the overall curve do not otherwise
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change, the later contract tends to decline toward 100 as its maturity
approaches. The long position then experiences a negative return at-
tributable to maturity convergence.

Now reverse the curve. If the front contract is 100 and the next contract
is 95, the market is in backwardation. A long investor acquires the later
contract at 95. If the underlying reference price remains unchanged,
the contract tends to rise toward 100 as it approaches maturity. The
long position then receives a positive return from convergence.

This is the intuition behind the commonly used statements:

« A persistent contango can be a roll headwind for long futures ex-
posure.

« Apersistent backwardation can be a roll tailwind for long futures
exposure.

+ The signs reverse for a short futures position.

The word persistent is essential. Curves move. A contract purchased in
contango can still rise if spot prices rise sharply or if the curve steepens
or shifts. A contract purchased in backwardation can still lose value if
the underlying market falls. Roll economics describe one component
of the result, not a guarantee about the total result.

2.3.3 Measuring Curve Slope and Carry

A simple raw measure of the slope between two contracts is

Slope, = F\(Ts) — Fi(T1).

A positive slope indicates contango when 75> > T7; a negative slope in-
dicates backwardation. Because price levels differ widely among mar-
kets, a normalized measure is usually more useful for comparison:

F\(Ty) — Fy(Ty)

Relative Slope, = Fi(T)
(11
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An annualized log-slope measure is often preferable when maturities
are separated by different numbers of days:

365 F(Ty)
Carry, = T In (Ft(T2)> .

Under this convention, positive carry corresponds to backwardation
because the near contract is more expensive than the later contract.
Negative carry corresponds to contango. Other data vendors and re-
search systems may define carry with the opposite sign, such as by us-
ing F,(T>)/F,(T1). The label is less important than the documented
formula. A production system must specify which maturities are used,
how calendar days are counted, and whether positive values represent
a long or short expected roll advantage.

The term carry is used in several related ways:

+ Curve carry The return tendency associated with the current re-
lationship between a contract’s price and the price toward which
it may converge as maturity declines, assuming other market con-
ditions are unchanged.

+ Roll yield The realized or expected return contribution associ-
ated with replacing an expiring contract by a later contract and
carrying that later contract through time.

» Basis The difference between a futures price and a spot or cash-
market reference price, where a reliable spot reference exists.

+ Term premium A broader economic label for compensation
or expected return associated with maturity-related risks in a fu-
tures curve.

These concepts overlap but are not identical. In many commodity mar-
kets, a clean, continuously observable spot price is unavailable or refers
to a physical grade, location, or delivery condition that differs from the
futures contract. In such cases, the slope between two traded futures
maturities is often the more practical measure. It is observable, exe-
cutable in principle, and does not require constructing an uncertain
spot proxy.
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2.3.4 Return Decomposition: Price Movement,
Roll Effects, and Collateral

As established in the previous section, futures positions are marked to
market daily, and the resulting variation is transferred in cash. The re-
turn earned by an investor holding a futures position can be organized
into three conceptual layers:

total excess collateral
R; = R; + R; ,

where the excess return component can be thought of as

excess . pprice roll
Reweess o pPTice | proll

Here,

« RP"“® captures the change in the price of the futures exposure
being held;

« Ry°! captures the consequences of maintaining exposure
through successive maturities, including convergence and
differences between outgoing and incoming contracts; and

o Rgollateral captures the return earned on the capital supporting
the futures position.

This decomposition is economically useful but should not be mistaken
for a unique accounting identity at every date. The observed price
change of a particular futures contract reflects simultaneous changes
in the underlying market, interest rates, inventories, supply expecta-
tions, delivery conditions, and the shape of the entire curve. Separat-
ing that change perfectly into ”spot” and “roll” components requires
assumptions. The decomposition is best understood as a framework
for identifying the sources that may drive realized futures returns.

Commodity index methodologies make this distinction explicit. They
commonly distinguish a spot-oriented component, an excess-return
component that incorporates the economics of futures rolling, and a
total-return component that adds collateral income. The same disci-
pline is useful in a trend portfolio. A model may be intended to harvest
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directional trends, but its realized return record will also embody its
maturity choices and cash-management assumptions.

For a contract held without rolling over a short interval, daily futures
P&L is still calculated from the contract’s settlement-price change:

P&Lt = qt—lM [Ft(T) - Ft—l(T)] .

When the portfolio changes from maturity 7 to maturity 75, the P&L
record must reflect the actual outgoing and incoming contracts, their
execution prices, and their subsequent settlement prices. A continuous
price series can be useful for signal research, as discussed earlier, but
it is not by itself an executable P&L record. The implementation must
retain the dated contract mapping and roll schedule that produced the
exposure.

2.3.5 Roll Conventions Change Realized Results

Two investors can hold the same directional view, trade the same un-
derlying market, and observe the same curve shape, yet realize differ-
ent returns because they roll at different times or use different maturi-
ties.

An index-style methodology may specify a fixed roll window. For ex-
ample, an index can move a prescribed fraction of its exposure from
one contract month to the next on each day of a preannounced multi-
day window. This convention offers transparency, repeatability, and
a known benchmark schedule. It may also concentrate trading into
periods when many benchmark-tracking participants are active.

A systematic trend portfolio may instead use an operational rule such
as: "Roll from the designated active contract into the selected next con-
tract before the earlier of first notice day, last trade day, or a portfolio-
specific liquidity cutoff.”

This approach is designed to avoid delivery exposure and to maintain
liquidity. It may produce different roll dates from an index methodol-
ogy and can select a different maturity pair. Consequently, its realized
roll return can differ even if the observed curve on a particular date
appears identical.
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The difference arises through several channels:

 Different roll dates. The curve may steepen, flatten, invert, or
shift between one convention’s roll date and another’s.

- Different holding periods. A portfolio that enters the next
contract earlier holds that maturity for longer and therefore ex-
periences a different portion of its convergence path.

« Different maturity choices. One methodology may maintain
exposure in the first deferred contract, while another may choose
a more distant contract to improve liquidity, avoid delivery risk,
or reduce concentration around a known roll window.

+ Different execution assumptions. A gradual roll, a single-
day roll, and an execution algorithm that responds to intraday
liquidity can all generate distinct realized prices.

« Different treatment of position size. Maintaining a con-
stant number of contracts, constant notional exposure, or con-
stant volatility exposure leads to different quantities traded when
prices and contract values differ.

The roll rule must therefore be part of the portfolio specification, not
an implementation detail added after signal research is complete. A
backtest that uses a generic vendor series but does not state its roll
methodology cannot reliably identify whether performance came from
directional exposure, favorable curve positioning, or an artifact of the
data construction.

2.3.6 Expiry Rules and Delivery Risk

The need for an explicit roll schedule is particularly acute for physically
deliverable commodity futures. The nearest listed maturity is not auto-
matically the appropriate contract for a financial portfolio to hold. As
a contract approaches its final trading or delivery period, liquidity can
migrate to a later maturity, price behavior can become more sensitive
to local physical conditions, and the consequences of remaining in the
contract can change materially.
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Crude oil futures provide a useful general illustration. The trading
cessation date for a crude oil contract is determined by an exchange-
specific expiry convention rather than by a simple rule such as “the
final calendar day of the month.” A portfolio that waits until a month
label appears close to expiry may already be operating near a critical
deadline. The correct implementation uses the applicable exchange
calendar and contract event dates, then applies a conservative internal
cutoff before the point at which delivery-related risk, declining liquid-
ity, or operational uncertainty becomes unacceptable.

The relevant dates may include:

« first notice day;

« last notice day;

« last trading day;

« final settlement date;

« delivery period;

« exchange holidays and shortened sessions; and

« the portfolio’s own earlier roll cutoff.
Cash-settled contracts also require attention to final settlement rules,
although they do not create the same physical-delivery exposure. A
robust process treats each contract’s expiry mechanics as a constraint

onroll timing. It does not assume that all futures markets can be rolled
using one universal calendar rule.

2.3.7 Carry as Information and as Exposure

Curve slope can be used in two different ways within a systematic port-
folio.

First, itis an implementation exposure. Any strategy that holds futures
through time is exposed to the curve because it must select and replace
maturities. Even a pure trend model that never calculates a carry signal
will experience the economic effects of rolling.
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Second, it can be a predictive characteristic. Some models rank mar-
kets by carry, favoring contracts with backwardated curves for long ex-
posure or contangoed curves for short exposure, subject to their own
sign conventions and risk controls. The economic rationale is that the
curve may contain information about inventory conditions, hedging
pressure, funding relationships, or the relative demand for immediate
versus deferred exposure.

These uses should be kept conceptually separate. A trend model may
have incidental carry exposure because of its roll policy, while a carry
strategy deliberately seeks that exposure. Combining the two can be
sensible, but only if the portfolio reports their contributions separately
and avoids attributing curve-related returns entirely to trend skill.

Curve states can also be correlated. Several commodities may move
into deeper contango or backwardation at the same time because of
broad changes in inventories, financing conditions, global demand ex-
pectations, or risk appetite. A portfolio diversified by the number of
commodity contracts may therefore still have meaningful common ex-
posure to curve shape. This is a form of portfolio-level curve risk.

The same principle applies beyond commodities, although the
economic drivers differ. Interest-rate futures curves may shift as
monetary-policy expectations change. FX futures curves reflect
interest-rate differentials and funding conditions. Equity-index
futures curves are influenced by financing and expected dividends.
The portfolio should not assume that a maturity-related return
component is independent merely because contracts reference
different asset classes.

2.3.8 Research and Implementation Controls

Areliable roll and carry framework requires both market data and rule-
based governance. The minimum research record should retain the
actual listed contracts, their maturity dates, settlement prices, and the
schedule that maps each date to the contract held.

The following table summarizes core controls.

Several common research errors deserve particular attention. One is
to calculate a carry signal from two maturities while simulating P&L
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Table 2.6: Core controls for roll and carry implementation

Control Purpose

Explicit active-contract rule TIdentifies which listed maturity is eligible for
holding on each date.

Exchange-event calendar Captures first notice dates, last trading dates,
final settlement dates, and delivery-related
deadlines.

Documented roll window States when the outgoing contract is reduced
and when the incoming contract is established.

Maturity-pair definition Specifies which two contracts are used to cal-
culate curve slope or carry.

Consistent price field Uses settlement, close, bid, ask, or executable
prices consistently for signals, P&L, and roll
calculations.

Roll execution assumption Defines how the model treats spread costs, par-
tial fills, and trading over one or more days.

Contract-level P&L record Preserves the actual sequence of held contracts
rather than relying only on a back-adjusted his-
tory.

Curve-risk reporting Measures exposure to common changes in
term structure, not only directional price
volatility.

from a different, undocumented continuous series. Another is to use a
back-adjusted series for both trend identification and realized return
without verifying that the adjustment corresponds to an executable roll.
A third is to assume that the roll occurs at settlement with no spread or
execution uncertainty while the strategy’s actual trading policy would
require earlier or more gradual execution.

None of these choices is inherently invalid if it is deliberate and trans-
parently modeled. The problem arises when the data construction
silently determines a material source of return.

Futures exposure has a maturity dimension. A portfolio earns or loses
money not only because the broad market rises or falls, but also be-
cause the specific contract it holds moves through time and must even-
tually be replaced. Term structure describes the relative price of those
maturities; carry summarizes the economic implication of their slope;
and the roll rule determines how that implication enters realized port-
folio returns.
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2.4 Universe Selection and Instrument
Mapping

A diversified futures portfolio begins with an economic idea, not with
a vendor symbol list. The economic idea might be “developed-market
equities,” “short-term interest rates,” “industrial metals,” or “major
currencies.” That idea is too broad to trade. A portfolio requires a
precise mapping from each intended exposure to one or more listed
instruments, together with rules that specify when an instrument is
eligible, when it is suspended, and how it is replaced.

The resulting tradable universe is the controlled set of contracts that
the program is permitted to hold. It is not simply every futures mar-
ket for which historical prices are available. A market can have a long
data history yet be unsuitable because it is illiquid, operationally diffi-
cult, economically redundant, or vulnerable to delivery-related compli-
cations that the program is not designed to manage.

Universe design therefore has two linked tasks:

+ define the economic exposures that the portfolio seeks to repre-
sent; and

« map each exposure to listed futures contracts that can be re-
searched, traded, valued, and governed reliably.

The first task is about diversification. The second is about implemen-
tation reality. Both are necessary. A portfolio with many apparently
different symbols may be highly concentrated in a small number of eco-
nomic risks. Conversely, a carefully selected list of fewer instruments
can provide more meaningful diversification if the instruments repre-
sent distinct sources of return and risk.

2.4.1 From Economic Exposure to Tradable In-
strument

It is useful to distinguish three levels of description.
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« Economic exposure: The broad risk the portfolio intends to
represent, such as U.S. large-cap equities, European government
bonds, crude oil, or a major currency relationship.

« Market representation: The specific futures market chosen
to represent that exposure. For example, a portfolio may choose
one exchange-listed contract rather than several closely related
contracts that reference substantially the same underlying eco-
nomic risk.

« Tradable contract: The dated futures maturity actually held
on a given day, identified by exchange, root symbol, contract
month, and year.

This hierarchy prevents a common research mistake: treating each
listed symbol as an independent source of diversification. Two
equity-index contracts listed in different regions may be strongly
correlated because both reflect the same global equity-risk factor.
Two crude-oil benchmarks may differ in delivery location and quality
but still respond to many of the same macroeconomic forces. Several
government-bond futures may provide different duration exposures
but may move together sharply during broad interest-rate shocks.

The mapping process should begin with a written statement of the in-
tended exposure. That statement should answer the question, “What
economic risk does this instrument represent in the portfolio?” It
should not merely repeat the exchange’s product name.

For each desired exposure, the portfolio then identifies the listed con-
tract that most directly and reliably represents it. The mapping should
be explicit:

Economic Exposure — Approved Futures Market — Eligible Con-
tract Months — Active Contract on Date ¢.

The final link in the mapping chain is especially important. A market-
level allocation cannot be traded until the system identifies the specific
maturity that is eligible on that date. As discussed in the preceding sec-
tion, the active maturity must be selected with reference to actual ex-
piry, notice, settlement, and delivery conventions rather than a generic
assumption about calendar months.
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2.4.2 Selection Criteria for a Tradable Universe

A good universe is broad enough to reduce dependence on any one sec-
tor, region, or economic regime, but narrow enough to support reliable
execution and control. The appropriate number of markets is not fixed.
It depends on portfolio capital, target turnover, execution resources,
data coverage, staffing, and the ability to maintain instrument-level
knowledge.

The following criteria provide a practical selection framework.

2.4.3 Liquidity and Executability

A contract must be sufficiently liquid for the intended portfolio scale.
Liquidity should not be assessed using open interest alone. Open inter-
est measures outstanding positions, not necessarily the ability to enter
or exit a position efficiently at the required time.

Useful liquidity measures include:
+ average daily volume in the intended active maturity;
+ open interest in that maturity;
 quoted bid—ask spread in ticks and in dollar terms;
« displayed depth near the best bid and offer;
« intraday trading activity during the program’s execution window;
» frequency of stale quotes or absent trades;
« liquidity migration near the roll period; and

« price behavior during periods of elevated volatility.

Liquidity must be evaluated relative to the expected position size. A
market that appears liquid for a small account may be impractical for a
larger program, particularly if the strategy trades quickly after a signal
change or if many participants follow similar roll schedules.
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The relevant question is not whether a contract trades every day. It is
whether the portfolio can establish, reduce, and roll a risk-sized posi-
tion without relying on optimistic assumptions about available depth
or execution quality.

2.4.4 Economic Distinctiveness

A universe should contain exposures that contribute meaningfully dif-
ferent economic behavior. This does not require low pairwise correla-
tion at every moment. Trend portfolios often benefit from markets that
become correlated during persistent macroeconomic moves because
those moves can create broad trends. The objective is instead to avoid
filling the universe with near-duplicates that add operational complex-
ity without materially improving diversification.

Economic distinctiveness can be assessed through several lenses:

« underlying asset or reference market;

« geographic region;

« currency denomination;

« producer, consumer, or financial-user hedging base;

« sensitivity to growth, inflation, interest rates, or supply shocks;
« historical return correlation and drawdown co-movement; and

« common exposure to term-structure changes.

For example, two contracts may have different exchange codes but pro-
vide largely interchangeable exposure to the same underlying bench-
mark. Holding both may unintentionally overweight that benchmark.
By contrast, two contracts in the same broad sector may still earn sep-
arate places in the universe if they reflect different regions, supply
chains, or economic drivers and can be traded independently.
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2.4.5 Data Quality and Historical Continuity

A contract should have sufficiently reliable historical data for the in-
tended research horizon. This requires more than a continuous price
history. The program needs data that preserve the identity of individ-
ual listed contracts, settlement prices, contract months, expiry events,
and changes in contract terms.

Important data-quality questions include:

» Are official settlement prices available and consistently defined?

» Are listed contract months retained rather than overwritten by a
synthetic series?

« Are historical contract multipliers, tick sizes, and quotation con-
ventions available?

« Are first notice dates, last trading dates, and final settlement
dates available from authoritative sources?

« Can price corrections and exchange holidays be identified?

« Is the history sufficiently long to cover different volatility, infla-
tion, growth, and monetary-policy environments?

« Are there material gaps, illiquid periods, exchange suspensions,
or changes in market structure?

Avendor’s continuous series can be useful for exploratory analysis, but
itis not a substitute for a contract-level database. The program must be
able to reconstruct what was actually tradable on each historical date.
Without this, a backtest can inadvertently use a maturity that was not
liquid, roll after a relevant cutoff, or apply today’s contract terms to an
earlier version of the instrument.

2.4.6 Operational Support
Each added market imposes recurring operational work. The pro-

gram must obtain and validate data, maintain calendars, monitor po-
sitions, reconcile statements, handle currency settlement, and under-
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stand exchange-specific events. A market should not enter the ap-
proved universe unless these requirements can be supported consis-
tently.

Operational readiness includes:

« an FCM relationship that supports the market and relevant cur-
rency;

« reliable market-data and reference-data coverage;

+ documented trading hours and holiday calendars;

» a tested process for contract rolls and expiry monitoring;
« accounting and valuation support;

« a known procedure for exceptional events, trading halts, and
price limits; and

« personnel with clear ownership of the instrument master and ex-
ception process.

Operational support is not a secondary concern. A market that is at-
tractive in a research spreadsheet but cannot be rolled, reconciled, or
funded reliably is not part of a robust tradable universe.

2.4.7 The Contract Master

The contract master is the authoritative internal record that converts
a market name into a usable instrument definition. It should be main-
tained independently of any one price vendor and should identify the
source and effective date of every material field.

The exchange rulebook, product fact card, and official expiry calendar
are the primary sources for contract terms. Vendor descriptions are
useful for orientation but should not be treated as definitive sources for
contract units, delivery terms, or event dates. This distinction matters
because vendor fields may be abbreviated, stale, or normalized in ways
that obscure economically important details.

The following is a practical contract-master checklist.
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Table 2.7: Core fields in a futures contract master

Field

Purpose

Preferred authoritative
source

Internal instrument identi-
fier

Exchange and root symbol

Contract month and year
Economic exposure label
Contract unit and multiplier
Tick size and tick value

Quote convention and con-
tract currency

Settlement type

First notice date and last no-
tice date

Last trading day and final set-
tlement date

Delivery location, grade, and
unit

Trading hours and holiday

calendar
Roll rule and internal cutoff

Source, effective date, and re-
viewer

Stable internal key that re-
mains valid even if vendors
change symbols

Identifies the listed market
and distinguishes similar
products

Identifies the individual trad-
able maturity

States the intended portfolio
role of the instrument
Converts prices into dollar ex-
posure and P&L

Supports price validation, ex-
ecution analysis, and P&Lrec-
onciliation

Defines price interpretation
and reporting-currency con-
version needs

Distinguishes cash settle-
ment, physical delivery, and
hybrid arrangements
Establishes notice-related op-
erational cutoffs where appli-
cable

Defines the latest permissible
holding and valuation dates
Identifies  delivery-related
risk for physically deliverable
contracts

Supports signal timing, exe-
cution, and reconciliation
Specifies when the portfolio
transfers exposure to a later
maturity

Creates an auditable record
of the field’s provenance and
maintenance

Internal data

record

governance

Exchange product documen-
tation

Exchange listing convention
and market data

Internal  investment-policy
documentation

Exchange rulebook or fact
card

Exchange rulebook or fact
card

Exchange product documen-
tation

Exchange rulebook
Official exchange calendar

Official exchange calendar

Exchange rulebook

Exchange trading calendar

Internal implementation pol-
icy

Internal
record

data-governance
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The contract master should preserve historical versions. If a contract’s
tick increment, trading hours, delivery terms, or multiplier changes,
the database should retain the prior specification and its effective dates.
Otherwise, historical P&L and risk calculations may be restated incor-
rectly.

A practical control is to require dual review for changes to high-impact
fields, particularly the multiplier, settlement type, tick value, final trad-
ing date, and delivery-related dates. These fields affect not only re-
search calculations but also the ability to hold a position safely.

2.4.8 Mapping Rules and Substitution Policy

An instrument map should state which contract represents each eco-
nomic exposure and what happens when the preferred instrument be-
comes unavailable or unsuitable. This is different from a day-to-day
roll rule. A roll rule changes the maturity within the same market. A
substitution policy changes the market representation itself.

For each economic exposure, the policy should identify:

+ the primary approved market;

« any secondary or contingency market;

« the conditions under which substitution is permitted;
« the required approvals for a substitution;

 the treatment of historical research and live performance
records; and

+ the process for reverting to the primary market.

A substitution may be needed because of a contract delisting, exchange
disruption, sustained decline in liquidity, regulatory restriction, loss of
clearing access, or a material change in contract design. The response
should not be improvised during an incident. A substitute may have
a different multiplier, currency, settlement procedure, active trading
hours, or economic sensitivity. These differences affect position sizing,
roll timing, and historical comparability.
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A useful mapping record distinguishes between the exposure sleeve
and the implementation instrument. For example:

Exposure sleeve Primary implementation  Contingency implemen-
tation
Specified regional equity ex-  Approved exchange-listed in-  Alternate liquid index future
posure dex future with documented differences
Specified energy exposure Approved benchmark energy  Alternate benchmark only af-
future ter governance review
Specified government-rate  Approved government-bond  Alternative  maturity or
exposure or short-rate future exchange-listed proxy sub-

ject to risk review

The table is intentionally generic. The specific contracts should be
named in the portfolio’s controlled instrument register, where updates
can be reviewed without rewriting the investment methodology.

2.4.9 Avoiding Redundancy Without Creating
Blind Spots

A broad list of contracts can create the appearance of diversification
while concentrating risk in a few common drivers. Redundancy review
should therefore be part of universe construction.

One approach is to group instruments into economic clusters before
assigning portfolio weights. Possible clusters include:

« regional equity risk;

+ government-rate and duration risk;
+ major currency relationships;

* energy;

« industrial metals;

+ precious metals;

« grains and oilseeds;

« livestock and soft commodities.
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The purpose of clustering is not to impose a rigid taxonomy. It is
to force a decision about whether two instruments provide distinct
information and distinct risk-bearing capacity. If two contracts are
highly substitutable, the program may select one as the primary instru-
ment and retain the other only as a contingency. If both are retained,
the portfolio construction process should recognize their relationship
rather than treating them as unrelated bets.

Redundancy should not be assessed only with historical correlation.
Correlations are unstable, and markets that appear weakly correlated
in ordinary periods may become strongly connected during macroe-
conomic stress. The review should also consider shared benchmark
constituents, common delivery regions, currency denomination, com-
mon hedger populations, and sensitivity to the same policy or inven-
tory shocks.

At the same time, eliminating all related instruments can create an
overly narrow universe. Two related contracts may still offer useful
diversification if they have different trend behavior, liquidity cycles, or
regional economic drivers. The objective is informed breadth, not me-
chanical de-duplication.

2.4.10 Point-in-Time Universe Construction

Historical testing must use the universe that was actually available at
each point in history. This requirement has two implications.

First, the test must not include contracts before they were listed, lig-
uid, or operationally viable. Adding a successful modern contract to
an earlier historical period can create survivorship bias, especially if
discontinued or unsuccessful markets are omitted.

Second, the test must reflect periods when a contract was temporar-
ily unavailable, severely illiquid, subject to price limits, or materially
changed by exchange rule modifications. A robust historical record
may therefore contain eligibility intervals.

The set U; can change over time. A market may enter after reaching a
minimum history and liquidity threshold. It may be suspended if data
quality deteriorates or if execution becomes unreliable. It may leave
permanently after delisting or following a governance decision.
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The eligibility decision should be based on information available at the
time. For example, a volume screen should use trailing observed vol-
ume rather than future average volume. A delisted contract should re-
main in the historical universe until its actual removal date, not disap-
pear from the backtest merely because it later ceased to trade.

Point-in-time construction is more demanding than applying a fixed
contemporary list to all history, but it produces a more credible esti-
mate of how the strategy could have behaved in live operation.

2.4.11 Governance of Additions, Suspensions,
and Removals

Universe changes should follow a documented governance process.
The process need not be bureaucratic, but it should be sufficiently for-
mal that a reviewer can answer three questions:

+ Why was the instrument added, suspended, substituted, or re-
moved?

« What evidence supported the decision at that time?

« How was the change implemented in live trading and historical
research?

A typical approval process includes the following stages:

+ Research proposal: Define the intended economic exposure,
expected diversification benefit, historical data availability, and
prospective liquidity.

« Reference-data review: Build and verify the contract-master
record from exchange rulebooks, fact cards, and expiry calen-
dars.

« Operational assessment: Confirm clearing access, data feeds,
currency support, trading hours, reconciliation procedures, and
expiry monitoring.
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+ Risk review: Evaluate concentration, correlation with existing
instruments, stress behavior, delivery exposure, and position-
size granularity.

« Approval and effective date: Record the decision, the ap-
proved implementation, and the date from which the contract
becomes eligible.

+ Post-implementation review: Compare expected and real-
ized liquidity, roll behavior, execution quality, and data reliabil-

1ty.

Suspension rules are equally important. The portfolio should specify
conditions that trigger review or temporary ineligibility, such as re-
peated data failures, exchange halts, extraordinary price dislocations,
sustained loss of liquidity, changes in settlement terms, or uncertainty
about delivery procedures. A suspension does not necessarily imply
that the economic exposure has become undesirable; it may simply
mean that the approved implementation instrument no longer meets
operational standards.

2.4.12 Delivery Risk as a Universe Attribute

Delivery risk is often treated as a roll-management issue only. It is
also a universe-design issue. A program that lacks the systems, legal
arrangements, or operational expertise to manage physical-delivery ex-
posure should not approve a contract unless its roll policy reliably exits
well before relevant notice and delivery events.

The settlement label alone may be insufficient. Some products have
hybrid structures, including arrangements in which physical delivery,
exchange-for-physical procedures, or cash-settlement alternatives co-
exist. Such features affect the appropriate definition of “deliverable
risk” and the conservative roll cutoff.

The contract master should therefore record not only whether a con-
tract is described as physically deliverable or cash settled, but also the
operational consequence of holding it near expiry. The appropriate
cutoff may be earlier than the formal last trading day. The portfolio’s
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rule should be designed around the earliest date at which its intended
financial exposure could become operationally unsuitable.

A simple control statement is often effective:

No physically deliverable contract may remain open be-
yond its internally defined pre-notice cutoff unless an ex-
plicitly authorized delivery-capable process is in place.

This rule converts a vague preference to avoid delivery into a testable
operational constraint.

2.4.13 The Breadth—Complexity Trade-Off

Each additional market can improve diversification, increase the prob-
ability of capturing a persistent trend, and reduce reliance on a nar-
row set of economic outcomes. It also creates additional data, execu-
tion, funding, and control requirements. The relationship is not linear:
the first few well-chosen markets may add substantial diversification,
while later additions may be increasingly redundant.

The correct response is not to maximize the contract count. It is to
maximize the quality of the approved universe subject to the program’s
operational capacity. A smaller, well-maintained universe with credi-
ble contract mappings and point-in-time rules is generally preferable
to a larger list supported by incomplete data and informal judgment.

The output of this process is a governed instrument register: a doc-
umented set of economic exposures, approved listed markets, eligi-
ble contract months, roll cutoffs, and substitution rules. That reg-
ister gives the trend engine a tradable foundation. The next sec-
tion examines why the same standardized portfolio rule must still
be adapted to the distinct mechanics of equity-index, fixed-income,
foreign-exchange, and commodity futures.
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2.5 Sector Mechanics Across Equities,
Rates, FX, and Commodities

The universe-design process establishes which markets are eligible
for trading. The remaining challenge is to apply a common portfolio
framework without pretending that all instruments behave identically.
A trend signal may be calculated in a standardized way, position risk
may be targeted using a common method, and daily P&L may be aggre-
gated into one portfolio return. Yet the meaning of a price move, the
timing of settlement, the nature of delivery risk, and the interpretation
of carry differ materially by sector.

The practical objective is therefore standardization with adaptation.
The program should standardize what can be standardized:

« signal timing and information availability;
+ risk measurement and portfolio limits;

« contract-level P&L calculation;

« roll governance;

« data validation; and

« reconciliation and exception handling.
It should adapt what cannot be standardized:

* quote conventions;

« contract multipliers and position granularity;
+ settlement and delivery mechanics;

« active trading hours;

« sector-specific sources of carry; and

« event dates that can alter liquidity or create operational obliga-
tions.
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This distinction prevents two opposite mistakes. The first is to treat
every market as a unique special case and lose the diversification and
discipline provided by a common process. The second is to impose one
generic implementation rule on all markets and thereby create hidden
exposures, inaccurate P&L, or avoidable roll failures.

2.5.1 A Common Signal Can Produce Different
Economic Results

Suppose the same trend rule produces a long signal in an equity-index
future, a government-bond future, a currency future, and a commodity
future. The directional instruction is identical: hold a positive position.
The realized experience can still differ substantially.

« The equity-index future may respond to changes in corporate
earnings expectations, discount rates, index concentration, and
dividend expectations.

+ The government-bond future may respond to changes in interest
rates, the cheapest-to-deliver bond, and delivery-option value.

 The currency future may reflect changes in interest-rate differen-
tials, monetary-policy expectations, and the relevant exchange
quotation convention.

« The commodity future may respond to physical supply and
demand, inventory conditions, seasonal patterns, storage
economics, and delivery-location constraints.

The daily cash variation calculation remains consistent in form. The
interpretation of the price move does not. A one-tick movement in
each market can represent a different dollar amount; a one-percentage-
point change in a quoted price can have a different economic meaning;
and a roll from one maturity to another can introduce different sources
of return or risk.

This is why a portfolio should maintain both common risk reports and
sector-aware diagnostics. Common reports answer questions such as,
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“What is total portfolio volatility?” Sector-aware reports answer ques-
tions such as, “Is the bond position exposed to a changing cheapest-to-
deliver issue?” or “Is the commodity position approaching a delivery-
sensitive period?”

2.5.2 Equity-Index Futures

Equity-index futures are often treated as the most intuitive futures
instruments because their underlying reference is a familiar stock-
market index. This apparent simplicity can be misleading. An index
future is not a basket of individual shares held directly by the portfo-
lio. Tt is a listed derivative whose price reflects the index level together
with financing, expected dividends, time to expiry, and the contract’s
settlement convention.

2.5.3 Index Concentration and Economic Inter-
pretation

An equity index may be diversified by the number of constituent com-
panies while still being concentrated in a small number of large firms,
sectors, or themes. A broad market index can therefore become more
sensitive to a narrow group of technology, energy, financial, or other
large-capitalization stocks than its name suggests.

For portfolio interpretation, the relevant question is not simply
whether the contract is labeled as a broad equity index. The program
should understand:

« the index’s country or regional coverage;

« whether it is capitalization weighted, equal weighted, price
weighted, or otherwise constructed;

« concentration in the largest constituents;
« sector composition;

« currency denomination; and
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« the relationship between the index’s local trading hours and the
futures market’s trading hours.

A long signal in two regional equity-index futures may appear to be
two independent positions. In a global risk-off event, both may de-
cline sharply and simultaneously. Risk estimation should therefore
recognize that regional equity contracts can share a substantial com-
mon equity-beta component even when their local economies differ.

2.5.4 Trading Hours and Price Discovery

Equity-index futures often trade outside the cash-market hours of the
underlying shares. This creates both opportunity and interpretation
risk. Overnight futures prices may incorporate macroeconomic news,
central-bank announcements, geopolitical events, or earnings informa-
tion before the underlying cash market opens.

A daily signal based on an exchange settlement price must therefore
be aligned with the time at which the strategy can actually trade. A
program that uses a cash-index close to create a signal but assumes
execution at a futures price established earlier in the day may inadver-
tently use information that was unavailable at the assumed execution
time.

The portfolio should specify:

« the reference price used for the signal;
« the execution window;
« the daily mark used for P&L;

» the treatment of holidays when futures and cash markets have
different schedules; and

« the procedure for periods when the futures market is open but
the underlying cash market is closed.
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2.5.5 Dividend and Financing Effects

The relationship between an equity-index future and its cash index is
influenced by financing and expected dividends. Broadly, dividends
reduce the expected future value of holding the cash equity basket rel-
ative to a no-dividend assumption, while financing contributes to the
cost of carrying the position. Changes in dividend expectations can
therefore affect futures prices even if the observed cash index does not
move materially.

For a directional trend strategy, this effect is usually smaller than a
large equity-market move over short horizons. It is nonetheless rele-
vant for curve interpretation, roll analysis, and comparisons between
futures returns and cash-index returns. The portfolio should not as-
sume that a continuous equity-futures series and a total-return equity-
index series are interchangeable.

2.5.6 Settlement and Event Risk

Many equity-index products are cash settled, but the exact final-
settlement procedure can be contract specific. The final value may be
based on an opening process, a closing process, a special quotation,
or another rule defined by the exchange. A strategy should normally
roll before final-settlement mechanics become relevant unless it has
explicitly modeled and accepted them.

Scheduled events also matter. Central-bank decisions, inflation re-
leases, major labor-market data, index rebalancing, and large con-
stituent earnings announcements can produce concentrated intraday
volatility. The purpose is not to suppress all event risk; trend-following
strategies generally accept price risk. Rather, the implementation
should recognize that liquidity, spreads, and the relationship between
futures and cash markets can change around known events.

2.5.7 Interest-Rate Futures
Interest-rate futures require particular care because their quoted
prices can conceal the economic quantity that drives risk. A rate

contract may be quoted as a price near 100, but that does not mean
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it behaves like a conventional asset priced at $100. The quote
convention, reference rate, settlement method, and delivery features
determine the meaning of a price change.

It is useful to separate short-rate futures from government-bond fu-
tures because their mechanics differ substantially.

2.5.8 Short-Rate Futures and the 100-Rate Con-
vention

Many short-rate futures use a quotation convention related to the fol-
lowing representation. Let F'P denote the futures price and /R denote
the implied rate, then

FP=100—-IR.

Under this convention, a rise in the futures price corresponds to a de-
cline in the implied interest rate. This inverse relationship is easy to
state but easy to misapply. A trend model that operates on price re-
turns can treat the contract like any other traded price series, provided
that the multiplier and tick value are correctly applied. A risk report,
however, must recognize that a long futures position is economically
aligned with falling implied rates, while a short position is aligned with
rising implied rates.

Three-month SOFR futures provide a clear example of why settlement
methodology matters. These contracts are cash settled, and final settle-
ment is based on realized compounded daily SOFR over the reference
quarter. The final result is therefore tied to an accumulated realized
overnight-rate process rather than a single observed rate on one day.
Near expiry, the contract’s remaining uncertainty declines as more
daily SOFR observations become known.

This creates several implementation implications:

» Price behavior near final settlement can differ from that of a
generic fixed-maturity rate instrument because a growing por-
tion of the reference quarter has already been realized.

A price move must be converted using the exchange-defined tick
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convention and multiplier rather than interpreted as a simple
percentage return.

+ Rolling from one quarterly contract to another changes the por-
tion of the monetary-policy path that the portfolio is exposed to.

« Final settlement should be handled using the contract’s
compounding methodology, not by substituting a single
end-of-period rate observation.

A short-rate future can be an effective representation of a specified seg-
ment of the policy-rate curve, but it should not be treated as a direct
proxy for a government-bond future or for a cash deposit.

2.5.9 Government-Bond Futures and Delivery
Options

Government-bond futures are frequently more complex than their
price charts suggest. Many are physically deliverable and permit the
short position to satisfy delivery using one of several eligible bonds. Be-
cause eligible bonds differ in coupon, maturity, and market value, the
contract uses conversion factors to place them on a common invoicing
basis.

The bond that is economically most advantageous for the short to de-
liver is commonly called the cheapest-to-deliver (CTD) bond. The iden-
tity of the CTD can change as interest rates, bond prices, financing con-
ditions, and relative bond valuations change. This means that the fu-
tures contract’s effective duration and sensitivity to yield changes are
not fixed constants.

A portfolio that is long a government-bond future has directional ex-
posure to the contract price, but the economic interpretation requires
more than the contract’s quoted price level. Relevant considerations
include:

» the current and potential cheapest-to-deliver bond;
» the applicable conversion factors;

« the futures-implied basis relative to deliverable bonds;
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« the option held by the short regarding timing and choice of deliv-
ery;

« the contract’s effective duration and dollar value of a basis-point
move; and

+ the approach of notice and delivery periods.

The embedded delivery options can affect basis and implied carry. A
simple comparison of two futures prices may therefore fail to capture
the full economics of a bond-futures roll. The contract is not merely a
claim on one static benchmark bond; it is a claim defined by a deliver-
able basket and a set of delivery rules.

For a broad trend program, the practical response is not necessar-
ily to model every delivery option intraday. It is to maintain a level
of analysis consistent with the holding period and position size. At
minimum, the program should monitor CTD information, conversion-
factor changes, delivery calendars, and unusual basis movements. A
position should be rolled before the portfolio enters a delivery-sensitive
period unless it has explicit procedures for managing delivery.

2.5.10 Foreign-Exchange Futures

Currency futures provide exchange-listed exposure to changes in one
currency relative to another. They are often compared with over-the-
counter spot FX because both reference exchange rates, but their im-
plementation differs in several important ways.

2.5.11 Quote Direction and Sign Discipline

The first requirement is to identify the quote direction. A currency pair
can be expressed as units of currency A per unit of currency B, or the
inverse. A rise in one quotation is a fall in its inverse. Without an ex-
plicit quote convention, it is possible to reverse the intended economic
direction while the code appears internally consistent.

For each FX instrument, the contract master should record:
« the contract currency amount;
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the currency in which the price is quoted;

the currency in which variation P&L is calculated;

the portfolio reporting currency;

« whether a long position represents appreciation or depreciation
of the named foreign currency relative to the reporting currency;
and

+ the required conversion series for portfolio-level reporting.

The naming convention used by a data vendor should never be the sole
source of this information. The program should test each mapping
with a simple directional example. If the quoted exchange rate rises by
one tick, the expected sign of P&L for a long position should be verified
directly from the contract’s stated quote convention and multiplier.

2.5.12 Listed Futures versus Spot Intuition

Exchange-listed FX contracts have standardized notionals, tick incre-
ments, settlement cycles, and expiry conventions. These features pro-
vide transparency and central clearing, but they also create position-
size granularity and maturity-management requirements that differ
from the more flexible notional sizing of the over-the-counter spot mar-
ket.

Many listed FX futures are physically settled. A portfolio that does not
intend to make or take delivery must therefore have a calendar-driven
roll process that exits before the relevant delivery and final-trading
dates. The fact that an instrument is commonly used for financial cur-
rency exposure does not remove the need to understand its delivery
mechanics.

The relationship between an FX future and a spot exchange rate is in-
fluenced by the interest-rate differential between the two currencies,
together with time to maturity and market conventions. A currency
future should consequently not be interpreted as a pure spot position.
A trend in the futures price may reflect changes in spot, changes in
relative interest rates, or both.
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2.5.13 Cross Construction and Portfolio Aggrega-
tion

A portfolio may hold several currency futures that share a common cur-
rency. For example, positions in several currency pairs quoted against
the U.S. dollar can create a substantial aggregate dollar exposure even
if each position appears independently risk balanced.

Cross-rate relationships can also create indirect exposures. If a pro-
gram holds two currency futures that share one currency, the combina-
tion can approximate a third cross-currency relationship. This is not
inherently undesirable, but it should be visible in risk reporting.

Currency exposure reports should therefore aggregate positions by cur-
rency as well as by contract. The report should distinguish:

« contract-level directional exposure;

« net exposure by underlying currency;

« concentration in the portfolio base currency;
« local-currency variation P&L; and

« reporting-currency P&L after conversion.

This additional layer prevents a portfolio from appearing diversified
by pair count while carrying a concentrated position in one macroeco-
nomic currency factor.

2.5.14 Commodity Futures

Commodity futures are the sector in which delivery, seasonality, loca-
tion, quality, and inventory conditions most visibly affect implementa-
tion. A commodity future is generally not a generic claim on “the price
of oil,” “the price of wheat,” or “the price of copper.” It is a standard-
ized claim defined by a specific contract unit, delivery period, delivery
location, grade, and settlement procedure.
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2.5.15 Seasonality and Contract Calendar Struc-
ture

Many commodity markets have strong seasonal patterns. Agricultural
markets are affected by planting, growing, harvest, and storage cy-
cles. Energy markets may reflect seasonal demand for heating or cool-
ing. Natural-gas, power, and refined-product contracts can exhibit pro-
nounced seasonal demand and inventory effects. Some contracts list
every month, while others list only selected delivery months or exhibit
liquidity concentrated in particular maturities.

This matters for trend research because a price movement may reflect
seasonal structure as well as a persistent directional trend. It also mat-
ters for implementation because the next liquid contract may not be
the immediately following calendar month.

The active-contract rule should therefore specify both:

« the set of eligible listed maturities; and

« the liquidity and expiry conditions under which the program
moves between them.

A rule such as “always hold the nearest contract” is usually inadequate
for physical commodities. The nearest maturity may be approaching
delivery, may have declining liquidity, or may be affected by localized
physical-market pressures that are not representative of the intended
exposure.

2.5.16 Storage, Convenience Yield, and Curve In-
terpretation

As discussed in the prior section, commodity curve shape can reflect
storage costs, financing costs, inventory availability, and convenience
yield. These concepts are not merely theoretical. They affect the real-
ized return from holding and rolling futures positions.

A market in contango may reflect abundant inventories and the cost
of carrying physical supplies. A market in backwardation may reflect
a premium for immediate availability when inventories are scarce or

114



2.5. SECTOR MECHANICS ACROSS EQUITIES, RATES, FX, AND COMMODITIES

when physical users value prompt access to the commodity. These are
economic interpretations, not mechanical trading rules. A trend model
should not assume that backwardation guarantees positive returns or
that contango guarantees losses.

The relevant implementation lesson is that commodity curve effects
can be large and persistent. A strategy that trades commodity fu-
tures should report directional price return and roll-related return sep-
arately where possible. Otherwise, a favorable or unfavorable curve
environment can be mistakenly attributed entirely to the trend signal.

2.5.17 Delivery Location, Grade, and Settlement
Architecture

Physical delivery terms can matter well before final delivery. The price
of a commodity contract may depend on a specific delivery location,
quality specification, warehouse, pipeline, storage facility, or deliv-
ery procedure. A futures price can therefore diverge from a generic
spot-price series or from a related benchmark when local physical con-
straints become important.

Brent provides a useful reminder that benchmark status does not im-
ply simple settlement mechanics. Its settlement architecture includes
deliverable features and an option to cash settle under specified pro-
cedures. A portfolio must understand the contract’s actual settlement
pathway rather than infer its delivery risk from a broad label such as
“energy future.”

For commodity contracts, the instrument record should identify:

« delivery location and permitted alternatives;
« contract grade and quality differentials;
+ delivery month and delivery window;

« first notice and last trading dates;

whether delivery is physical, cash settled, or hybrid;

« the concentration of liquidity by maturity; and
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« any internal cutoff earlier than the exchange deadline.

These fields help distinguish a financial exposure that can be rolled
routinely from a contract whose behavior may become dominated by
delivery economics as expiry approaches.

2.5.18 Comparative Implementation Matrix

The table below summarizes the main differences that a common port-
folio framework must accommodate.

Table 2.8: Sector-specific mechanics relevant to implementation and

risk control

Sector Typical settle- Primary Key opera- Implementation
ment or deliv-  carry or tional date hazard
ery feature curve driver risk
Equity indexes Often cash  Financing Final settle-  Treating a con-
settled, with and expected ment and  centrated index
contract- dividends differing as a fully diversi-
specific  final- futures/cash- fied equity expo-
settlement rules market holidays  sure
Short-rate Cash  settled; Expected policy  Final settle-  Misreading
futures final value rates and ment of the the 100-rate
can depend  money-market reference  pe- quotation as
on realized  conditions riod an ordinary
reference-rate percentage-
compounding price conven-
tion
Government- Often  deliver-  Yields, financ- Notice and de- Assuming
bond futures able against an  ing, CTD basis, livery periods fixed duration
eligible bond and  delivery- or ignoring
basket option value conversion
factors and
CTD changes
FX futures Frequently Interest-rate Final trading Reversing
physically differentials and  delivery quote direction
settled, with and spot-rate  dates or overlooking
standard- changes aggregate
ized currency exposure to
amounts a common
currency
Commodities Physical de-  Storage, in-  Firstnotice,last  Holding an in-
livery, cash  ventories, trade, delivery  appropriate ma-
settlement, financing, and window, and turity near de-
or hybrid  convenience seasonal liquid- livery or ignor-
structures yield ity migration ing location and

depending on
product

grade effects
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The table is a checklist rather than a substitute for product-level re-
search. Individual contracts can depart from sector norms. A cash-
settled commodity contract still requires careful analysis of its final
settlement index. A physically deliverable financial contract can con-
tain delivery options that matter more than the broad asset-class label.
A currency contract may use a quote convention that differs from an
investor’s spot-market intuition.

2.5.19 Position Sizing and Discrete Contract Risk

The portfolio may use a common volatility-targeting framework, but
position sizing must respect the discrete nature of each instrument. A
target dollar risk may translate into a large number of contracts for one
market and fewer than one standard contract for another.

Let D; denote the estimated daily dollar volatility of one contract in
market ¢, and let R} denote the desired daily dollar risk allocation. A
continuous target position would be

. Ry
q; = D,
3

The actual position must be an integer number of contracts:

g; = round(q;),

subject to the program’s rounding, concentration, and minimum-trade
rules.

The difference between ¢; and ¢; can be economically important when
contracts are large relative to portfolio capital. This is particularly rel-
evant for instruments with high dollar value per tick, limited contract-
size alternatives, or rapidly changing volatility. A portfolio should mon-
itor the risk error introduced by rounding;:

RiskError; = ¢;D; — R}.

The same trend signal can therefore produce different realized risk ex-
posures even after a common sizing rule is applied. One sector may
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permit fine adjustment through several contract sizes or highly liquid
micro-sized products; another may require a coarse all-or-nothing po-
sition decision. The portfolio construction process should account for
this implementation granularity rather than assume that risk targets
can always be met exactly.

2.5.20 Operational Design Principles

Sector mechanics are best handled through a layered implementation
design.

« Use common portfolio logic. Signal generation, risk targets,
exposure limits, and reporting conventions should be consistent
unless a documented reason requires otherwise.

« Maintain sector-aware contract data. The contract master
should retain quote conventions, settlement types, expiry events,
delivery features, currency details, and historical effective dates.

« Apply instrument-specific roll rules. A single portfolio-
wide intent—avoid unwanted delivery and preserve liquidity—
can be implemented through different dates and maturity choices
for different products.

» Reportriskin multiple views. Contract-level volatility is nec-
essary but insufficient. Reports should also aggregate equity beta,
duration-related exposure, currency concentration, commodity-
sector concentration, and delivery-sensitive positions.

» Test exceptional states. Historical simulations and opera-
tional drills should include exchange holidays, delayed settle-
ments, delivery-period approaches, sharp curve changes, price
limits, and abrupt volatility increases.

+ Escalate exceptions rather than forcing automation. A
rule-based process should identify when a market’s normal roll,
valuation, or execution rule is no longer appropriate. Not every
exceptional event should be resolved by a generic algorithm.
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The portfolio architecture can remain unified even when individual
markets require different treatment. A common trend framework sup-
plies consistency; sector-aware implementation prevents that consis-
tency from becoming simplification. Equity-index concentration, rate-
contract delivery options, FX quotation direction, and commodity de-
livery economics are not peripheral details. They determine what
the position actually represents, how it behaves near key dates, and
whether the portfolio’s recorded return corresponds to an exposure
that could have been traded and maintained in practice.

2.6 Data Quality Control, Calendars, and
Bias Prevention

The continuous futures series constructed in the prior section is not
yet a research-ready dataset merely because its contracts have been
rolled and its returns have been calculated. A usable managed-futures
database must also answer more operational questions:

« Was the observed settlement price valid, final, and available at
the assumed decision time?

« Did each market trade on that date, or is the apparent observa-
tion a stale carry-forward value?

« Are contracts, maturities, multipliers, and quotation conventions
correctly identified?

« Are returns synchronized in a way that does not mix information
from different trading sessions?

+ Could the historical market list, roll decision, or data-cleaning
rule have used information unavailable at the time?

These questions are not administrative details. A single stale price can
create an artificial breakout. A contract mislabel can produce an im-
plausible return that is mistaken for a market shock. A roll rule that
selects the most liquid contract using end-of-day open interest may in-
advertently use information that was not available when the position
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would have been selected. A universe composed only of markets that
remain liquid today can overstate the historical opportunity set.

The objective is therefore not to create a visually smooth dataset. The
objective is to create a dataset whose observations are economically
meaningful, historically available, reproducible, and consistent with
the trading assumptions used in the research.

2.6.1 The Data-Control Objective: Tradable,
Timely, and Traceable

A robust data-control process evaluates every observation along three
dimensions:

1. Tradability: Does the observation correspond to a contract and
price at which a realistic participant could have maintained or
adjusted exposure?

2. Timing: Was the information known before the model decision
and execution assumption?

3. Traceability: Can the firm reconstruct where the observation
came from, what transformations were applied, and why any ex-
ception was made?

These dimensions should be treated separately. A price can be accu-
rate but not timely for a particular backtest. For example, a settlement
published after the close is a valid official price, but it cannot be used
to justify a trade assumed to occur before that settlement was known.
Similarly, a price can be timely but not tradable if it comes from a con-
tract that had effectively ceased trading.

A useful operational distinction is between a raw observation, a vali-
dated observation, and a research input:

« A raw observation is the value received from a data vendor, ex-
change file, or internal feed.

+ A validated observation is a raw value that has passed defined
checks or has been explicitly flagged for review.
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« Aresearch input is the validated value used by a signal, volatility
estimator, roll engine, or performance calculation.

The separation matters because raw data should generally be preserved
rather than overwritten. If a price is later corrected by an exchange
or vendor, the system should retain both the originally received value
and the corrected value, along with the time of correction. Otherwise,
it becomes impossible to reproduce an earlier analysis or explain why
a historical result changed.

2.6.2 A Layered Validation Framework

Data quality is best managed as a sequence of checks rather than a
single “cleaning” step. The following layers move from basic identity
verification to economically informed controls.

Table 2.9: Core Validation Layers for Futures Data

Validation layer

Question addressed

Examples of failures de-
tected

Instrument identity

Is this the intended listed con-
tract?

Wrong root symbol, wrong
expiration month, duplicate
contract, incorrect multiplier,
currency mismatch

Structural completeness

Are required fields present
and internally consistent?

Missing settlement, missing
volume, negative open inter-
est, invalid date sequence

Price plausibility

Is the price movement
economically and mathemat-
ically credible?

Decimal-place error, incor-
rect quote convention, bad
tick, unadjusted contract
transition

Liquidity and tradability

Could the contract plausibly
support the assumed posi-
tion?

Zero-volume active contract,
collapsing open interest, sus-
pended trading, expired con-
tract still selected

Calendar and timing

Are observations aligned to
valid trading sessions and in-
formation times?

Holiday mismatch, stale
price, time-zone mismatch,
use of unavailable settlement

Historical integrity

Did the process avoid using
future knowledge?

Look-ahead roll selection,
survivorship in the market
list, revised-history contami-
nation

The checks should be automated where possible, but automation does
not eliminate judgment. It directs attention to observations that re-
quire review. For example, a 7% daily move in a short-dated energy
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contract may be entirely legitimate during a supply disruption, while
the same move in a developed-market government bond future would
require immediate investigation. The control framework should iden-
tify both cases; the subsequent handling should reflect the market’s
economics.

2.6.3 Instrument Identity and Contract Refer-
ence Data

Price data cannot be validated reliably if the associated contract meta-
data are incomplete or wrong. Each listed futures contract should be
linked to a reference record containing, at minimum:

+ exchange and contract root,

« expiration month and last trade date,

« first notice date where delivery risk is relevant,

« contract multiplier,

« tick size and tick value,

« quotation currency and quotation convention,

« trading calendar and session definition,

« underlying market classification,

« historical status, including launch date, delisting date, and mate-

rial specification changes.

A contract code alone is not sufficient. Vendor symbology can change
over time, and the same shorthand may refer to different instruments
across exchanges or data providers. The reference record should there-
fore use a stable internal identifier that is not dependent on a vendor’s
current naming convention.

Contract specification changes require particular care. Exchanges may
alter contract multipliers, deliverable grades, price limits, listing cy-
cles, settlement procedures, or contract roots. If such an event is not
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captured, a return series may display a false jump or a false volatility
regime shift. The problem is especially acute in long historical samples,
where contract redesigns can occur many years after the earliest data.

A basic identity control is to verify that the observed price is compati-
ble with the contract’s permitted tick increment. If a contract trades in
increments of 0.25, then a settlement of 4,231.13 is suspect unless the
exchange explicitly reports settlement values at finer precision than ex-
ecutable prices. This check is simple, but it catches common decimal,
parsing, and vendor-format errors.

2.6.4 Missing Prices, Stale Settlements, and Non-
Trading Days

A missing price is not automatically an error. Futures markets close
for holidays, may observe shortened sessions, and may occasionally
suspend trading. The key question is whether the missing observation
reflects a known market condition or a data failure.

A database should distinguish at least four states:

1. Valid trading-day settlement: An official or otherwise ap-
proved settlement is available for a scheduled session.

2. Expected non-trading day: The exchange was closed accord-
ing to its calendar.

3. Unexpected missing observation: The market should have
traded, but a required field is absent.

4. Unavailable or non-representative price: A value exists
but is unsuitable for research use, such as a stale settlement, ad-
ministrative price, or price from a suspended contract.

Treating all missing values as identical produces avoidable errors.
Forward-filling a price across a known holiday may be appropriate for
certain portfolio accounting tasks, provided no return is assigned for
that market. Forward-filling across an unexpected missing settlement
is much more dangerous. It can suppress measured volatility, delay a
trend reversal, and create a false price jump when reporting resumes.
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A stale price is an observation that remains unchanged not because the
market was genuinely unchanged, but because the reported value was
not updated. Staleness can arise when a thin contract does not trade,
when a vendor carries forward the previous settlement, or when a pro-
visional settlement is not replaced correctly. It is particularly common
in distant commodity maturities and in contracts approaching delist-
ing.

No single rule identifies every stale observation. A practical control
combines several indicators:

« unchanged settlement for an unusual number of consecutive ses-
sions,

« zero or very low reported volume,

« zero or sharply declining open interest,

« divergence from nearby maturities or related instruments,

« aprice timestamp inconsistent with the designated session close,

+ exchange status indicating a halt, limit condition, or suspension.
A stale observation should not automatically be replaced with an inter-
polated value. Interpolation introduces a price that was never tradable
and can manufacture smooth returns. The preferred response is usu-
ally to flag the observation, exclude it from affected calculations where
necessary, and apply a pre-specified fallback policy. That policy may
include holding the previous position without rebalancing, temporar-

ily excluding the market from a signal update, or using an approved
alternative contract only if the rule was defined before the event.

2.6.5 Price Plausibility and Abnormal Return
Checks

A daily futures return for contract ¢ can be written as

Py — P
b
P

Tit =
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where P, , and P, ,_; are prices expressed under the same quotation
convention. For contracts quoted in yield, basis points, or inverse
price terms, the raw percentage price change may not be the most eco-
nomically meaningful diagnostic. Nonetheless, it remains a useful first
screen for detecting impossible or implausible changes.

A robust quality-control process should apply both absolute and rela-
tive tests. An absolute test might flag any return exceeding a broad
threshold. A relative test compares the move to the contract’s own re-
cent volatility:

. rip —median(r; ¢—r.—1)
=
! MAD(7; 1—r1:4—1) ’

where MAD is the median absolute deviation over a trailing window
of length L. Median-based measures are useful because they are less
distorted by occasional large but legitimate market moves.

An exception generated by such a test is a review request, not proof of
a bad tick. The review should ask:

1. Did the exchange report the move as an official settlement?
2. Did nearby maturities move in a broadly consistent direction?
3. Did related markets experience a corresponding shock?

4. Was there a contract event, such as first notice, final settlement,
a price-limit event, or a specification change?

5. Is the magnitude consistent after accounting for the contract’s
quotation convention?

This approach prevents two opposite mistakes. The first is accepting
an obvious data error because it appears in a vendor file. The second is
deleting legitimate crisis-period returns because they are statistically
unusual. A trend strategy must be tested through genuine extreme
moves; removing them because they are inconvenient produces an un-
realistic backtest.
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2.6.6 Calendar Alignment Is an Information-
Timing Problem

Futures markets do not share a universal trading day. Asian equity-
index futures may settle before European markets open. U.S. agricul-
tural futures may settle after many European contracts have finished
trading. Foreign-exchange futures, energy contracts, and financial fu-
tures may also use different exchange session boundaries even when
their calendar dates match.

For a cross-market system, the phrase “daily close” is therefore ambigu-
ous. The database must define what observation time represents day ¢
for each market.

A common and defensible convention is: Use the most recent ap-
proved settlement that was publicly available before the model’s des-
ignated decision time, and execute no earlier than the next feasible
trading opportunity.

This convention separates signal information from execution. If a
model uses an end-of-day settlement, its trade should normally be as-
sumed to occur at the next session’s executable price, not at the same
settlement that generated the signal. The resulting one-period lag is
not a defect; it is the cost of respecting information availability.

Calendar alignment requires a market-level calendar containing:

« full exchange holidays,

» partial holidays and early closes,

« session start and end times,

« settlement publication conventions,

« time-zone definitions, including daylight-saving changes,

« exceptional closures and emergency schedule changes.

A simple global weekday calendar is inadequate. If a U.S. market is
closed while a European market is open, assigning zero returns to both
markets may obscure real portfolio behavior. Conversely, forcinga U.S.
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return onto the prior European date can inadvertently allow the Euro-
pean signal process to react to U.S. information that was not yet avail-
able.

The appropriate treatment depends on the model’s trading schedule.
A daily global model may update each market when its designated set-
tlement becomes available and aggregate risk using the latest valid in-
formation subject to explicit timing rules. A synchronized model may
choose a common observation cut-off, accepting that some markets
will use a settlement from an earlier calendar date. Either approach
can be valid. What is not valid is allowing the alignment to vary silently
across the history in a way that improves apparent performance.

2.6.7 Holiday Mismatches and Portfolio-Level Ef-
fects

Holiday mismatches create a subtle portfolio problem. Suppose a
portfolio contains a Japanese equity-index future, a U.S. Treasury fu-
ture, and a European natural-gas future. On a Japanese holiday, the
Japanese market may be closed while the other two markets move
materially. The portfolio still has exposure to the Japanese market
through its last marked value, but there is no new Japanese price in-
formation.

Three separate decisions are required:

1. Return calculation: The closed market should generally con-
tribute no new local return for that date.

2. Signal update: A signal dependent on a new settlement should
not be updated as though a fresh Japanese observation existed.

3. Rebalancing and risk estimation: The portfolio may still
be rebalanced in open markets, but the treatment of the closed
market’s volatility and covariance estimate must follow a docu-
mented rule.

The error to avoid is imputing certainty where there is merely missing
information. A zero return on a closed day is an accounting conven-

tion, not evidence that the market’s economic risk was zero. This dis-
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tinction matters when estimating volatility and correlations. If all non-
overlapping holidays are entered as genuine zero-return observations,
measured correlations can be biased downward and portfolio risk can
be understated.

For daily risk estimation, one practical approach is to calculate pair-
wise statistics only on dates when both relevant markets had valid ob-
servations. This reduces the number of paired returns but avoids treat-
ing exchange closures as economic observations. The trade-off should
be explicit, especially for markets with materially different holiday cal-
endars.

2.6.8 Treatment of Illiquid, Suspended, and Ex-
piring Contracts

A contract can remain listed while becoming unsuitable for systematic
trading. Volume and open interest often migrate from one maturity
to another before the expiring contract’s final trading date. Some con-
tracts also experience temporary suspensions, price-limit conditions,
or unusually wide bid—ask spreads.

The research database should distinguish listed, priced, and tradable:

« Alisted contract exists on the exchange.
« A priced contract has a reported settlement or transaction price.

+ Atradable contract meets the program’s minimum requirements
for liquidity, market access, and execution realism.

The difference is important near expiration. An expiring contract may
have an official settlement but insufficient liquidity for the assumed
position. Using that settlement to generate a signal while assuming
execution in a more liquid deferred contract can create a hidden mis-
match between research and implementation.

A clear exception policy should specify what happens when the desig-
nated trading contract fails a liquidity test. For example, the policy
may require a move to the next eligible maturity, a temporary exclu-
sion from new trades, or a reduction in position capacity. The decision
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rule should be based on information known at the time, such as prior-
session volume or open interest, rather than revised data published
later.

Suspended markets deserve special caution. A suspension may prevent
exits precisely when risk is elevated. Replacing the missing price with
a smooth estimate and allowing the backtest to rebalance normally
would understate liquidity risk. A conservative treatment is to freeze
the position at the last valid mark for accounting purposes, prevent
assumed execution during the suspension, and document the eventual
resumption price as a discontinuity in realized P&L.

2.6.9 Bias Controls in Futures Research

Data errors create noise. Biases are more dangerous because they can
create persistent and convincing false performance. In managed fu-
tures research, several biases deserve explicit controls.

2.6.10 Look-Ahead Bias in Contract and Roll Se-
lection

Look-ahead bias occurs when the dataset uses information that was
not available at the historical decision time. In futures research, this
often appears in roll selection.

Consider a liquidity-based rule that chooses the contract with the high-
est open interest. If the historical series selects the next contract using
final open-interest data that were published after the model’s assumed
trading time, the series has used future information. The problem may
appear small on a single day, but repeated use can improve roll timing
systematically.

The control is straightforward in principle: every roll decision must use
a lagged and time-stamped version of the selection inputs. If volume,
open interest, settlement, or eligibility data are published after the de-
cision cut-off, they become eligible only on the following decision cycle.

The same discipline applies to contract metadata. A final settlement
revision, corrected open-interest record, or post-event exchange notice
should not silently alter a historical trading decision. Revised data may
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be valuable for accounting reconciliation, but they should be stored sep-
arately from the point-in-time data used for simulation.

2.6.11 Survivorship Bias in the Market Universe

Survivorship bias arises when a historical study includes only contracts
that are active, liquid, or popular today. This omits contracts that were
delisted, merged, lost liquidity, changed exchange, or became inacces-
sible. The resulting history can make the opportunity set appear more
stable and attractive than it actually was.

The universe should therefore be represented as a time-varying eligi-
bility set:

U, = {i : market 7 satisfied the documented inclusion rules at time ¢} .

A contract should enter I/; only after it has met the required history,
liquidity, and operational criteria. It should leave when it no longer
satisfies them. Crucially, the entry and exit dates must be based on
contemporaneously observable information.

This does not require including every failed or obscure contract in a
production portfolio. It requires preserving the historical fact that the
available market menu changed over time. A backtest that assumes the
current global futures menu was available and scalable thirty years ago
is not measuring a historically feasible strategy.

2.6.12 Selection Bias from Ex Post Market Choice

Selection bias can arise even without formal survivorship. A researcher
may test many markets, retain those with attractive trend performance,
and then present the retained group as though it had been selected in
advance. This is especially easy in commodities, where numerous re-
lated contracts can offer overlapping exposure to the same underlying
economic driver.

Controls include:

« defining inclusion criteria before reviewing performance results;

130



2.6. DATA QUALITY CONTROL, CALENDARS, AND BIAS PREVENTION

« recording all markets considered, including those rejected;

« separating economically motivated exclusions from
performance-motivated exclusions;

« applying the same eligibility thresholds across comparable mar-
kets;

« using out-of-sample periods when evaluating proposed additions
or removals.

The goal is not to prohibit judgment. It is to make judgment auditable
and to prevent favorable historical outcomes from being relabeled as
pre-existing design principles.

2.6.13 Revision and Vendor-Backfill Bias

Vendors may correct historical prices, repair missing records, update
contract mappings, or backfill a series after an instrument becomes
popular. These revisions can improve data quality, but they may also
make a historical dataset cleaner than the information available in real
time.

For each critical field, the research process should distinguish:
« the value originally available for trading decisions;
« subsequent corrected values;
« the date and source of each revision;

« whether the revision affects signals, execution assumptions, or
only reporting.

Where a true point-in-time data archive is unavailable, the limitation
should be stated clearly. It is better to acknowledge that older data may
contain revisions than to imply a level of historical realism that cannot
be supported.
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2.6.14 Exception Handling and the Importance of
Non-Silent Rules

Every quality-control system encounters exceptions. The relevant
question is not whether exceptions occur, but whether they are handled
consistently and recorded completely.

A practical exception record should contain:

« market and contract identifier,

affected date or date range,

« field or transformation affected,

validation rule that generated the exception,

severity classification,

investigation notes and supporting evidence,
« chosen treatment,

« reviewer and approval timestamp,

whether the decision changed a production input, historical back-
test, or both.

Exception treatments should be predefined where possible. For exam-
ple:

The most damaging practice is the undocumented manual fix. A re-
searcher may see an unusual observation, change it in a spreadsheet,
and obtain a cleaner backtest. Even if the correction was reasonable,
the result is not governable unless another person can identify the orig-
inal observation, understand the rationale, and reproduce the change.

2.6.15 Auditability and Dataset Versioning
Aresearch dataset should be treated as a controlled output, not a folder
of exported files. At a minimum, each approved dataset version should
identify:
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Table 2.10: Tllustrative Exception-Handling Rules

Exception

Inappropriate response

Controlled response

Unexpected missing settle-
ment

Fill with a fabricated interpo-
lated price

Flag the observation, apply
the documented missing-
data rule, and preserve the
raw record

Large daily price move

Delete automatically because
it exceeds a threshold

Verify against exchange and
related-contract evidence be-
fore accepting or correcting

Contract has zero volume
near expiry

Continue treating its settle-
ment as executable

Apply the pre-specified lig-
uidity and roll eligibility rule

Holiday mismatch across

markets

Assign all closed markets a
genuine zero return for risk
estimation

Preserve the closure status
and use an explicit synchro-
nization convention

Corrected vendor history

Replace the original series
without record

Version the corrected data
and identify which version
was used in each study

« the raw-data source and extraction date,

« the instrument reference-data version,

« the continuous-series methodology and roll rules,

« the calendar and time-zone conventions,

« the validation rules applied,

« all unresolved exceptions and their treatments,

« the resulting dataset version identifier.

A concise data lineage record can be represented conceptually as

Raw vendor data — Reference-data mapping — Validation and exceptions — Continuous-series construction — Approved research inputs.

Each arrow represents a transformation that should be reproducible. If
a performance report changes after a data correction, the organization
should be able to identify whether the change came from a revised set-
tlement, a metadata correction, a calendar adjustment, a roll-selection
change, or a downstream modeling update.

This discipline also improves research productivity. Analysts spend
less time debating which file is correct, fewer results depend on lo-
cal spreadsheet edits, and differences between studies can be traced
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to identifiable assumptions rather than vague claims about “cleaner
data.”

2.6.16 A Practical Approval Checklist

Before a futures dataset is released for signal research or portfolio sim-
ulation, the following questions should have clear answers:

10.

. Are all contracts mapped to stable internal identifiers and veri-

fied reference data?

. Are missing observations classified by cause rather than blindly

filled or deleted?

. Have stale settlements, abnormal returns, and contract-

transition discontinuities been reviewed?

. Is each market aligned to a documented exchange calendar, ses-

sion definition, and time zone?

. Does every signal use only information available before its as-

sumed execution time?

. Are liquidity and roll-selection inputs lagged appropriately?

. Does the historical universe reflect markets that were actually el-

igible at each point in time?

. Are delisted, inactive, and historically unavailable markets han-

dled without survivorship bias?

. Are corrections, overrides, and unresolved exceptions retained in

an audit trail?

Can another analyst reproduce the approved dataset from the
documented inputs and rules?

The central principle is simple: a return series is not trustworthy
merely because it is complete, smooth, or statistically convenient. It is
trustworthy when its prices, dates, contract identities, and availability
assumptions correspond to the information and trading opportunities
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that actually existed. That standard turns data quality control from
a clerical exercise into a core component of credible managed-futures
research.
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Chapter 3

Designing Robust
Trend Signals

A CTA does not trade indicators; it trades forecasts that must survive
across markets, horizons, and regimes. This chapter shows how raw
price behavior is transformed into comparable, risk-aware trend sig-
nals, why different model families capture different parts of persis-
tent moves, and how disciplined standardization and blending turn
simple rules into a resilient forecasting stack.

3.1 Forecast Abstractions and Horizon
Design

A systematic CTA needs a clear object that sits between market data
and a tradable position. That object is the forecast: a standardized
statement of directional conviction for one market, at one decision
time, and for one specified horizon.

This separation is more than a matter of tidy notation. A raw indicator,
a forecast, and a position answer different questions:

» A raw indicator summarizes information extracted from prices
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or returns. It may be a trailing return, a price relationship, a fit-
ted slope, or another model-specific quantity.

« A forecast translates that indicator into a common directional
scale. Tt answers: “How strongly does this model favor being long
or short this market?”

« A position converts the forecast into an exposure measured in
contracts, notional dollars, or risk units. It answers: “How much
should the program own or sell after accounting for volatility, cap-
ital, diversification, limits, and execution constraints?”

Conflating these layers is a common source of research errors. For
example, a large trailing return is not automatically a large desired
exposure. It may be a strong directional input, but the final trade
still depends on the market’s volatility, contract multiplier, liquidity,
portfolio-level risk budget, and current holdings. Conversely, a mod-
est forecast can result in a meaningful number of contracts when the
instrument is low volatility and the program has substantial capital as-
signed to it.

The forecast layer is therefore the program’s internal language of di-
rectional information. Every model and every market should be able
to express its opinion in that language before exposure decisions are
made.

3.1.1 The Forecast as a Research and Implemen-
tation Contract

Let ¢ denote a market, ¢ a decision time, and 4 a horizon bucket. Define
Eiin

as the standardized forecast for market ¢, formed at time ¢, for horizon
h. The forecast is dimensionless. It is not a predicted percentage re-
turn, a number of contracts, or a dollar exposure. Its units are simply
forecast points.

A practical convention is to place forecasts on a bounded symmetric
scale:
_Fm,ax < Fi,t,h < Fm,aa;-
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For example, a program may choose F,,., = 20. Under that conven-
tion,
Fitn =420

means maximum permitted long conviction for that market and hori-
zon, while
Fien=—-20

means maximum permitted short conviction. A forecast of zero means
that the model has no directional preference.

The precise numerical bound is a convention, not a scientific constant.
Some organizations use [—1, +1], others use [—10,+10], and some use
integer scorecards. What matters is that the convention is fixed, doc-
umented, and consistently applied. A forecast of +10 must have the
same intended meaning whether it is produced for an equity-index fu-
ture, a government-bond future, an energy market, or an exchange-
rate future.

The following table summarizes the distinction among the main objects
in the signal architecture.

Table 3.1: Distinct layers between market observations and target hold-
ings

Layer

Typical output

Question answered

Market data

Settlement prices, adjusted
prices, returns, volume, con-
tract metadata

What was observable at the
decision time?

Raw indicator

Trailing return, relative price
level, slope estimate, channel
distance

What directional evidence
does this particular model
detect?

Forecast

Bounded directional score,
suchas F; ¢, € [—20,+20]

How strongly should the
model favor a long or short
exposure?

Risk-scaled exposure

Desired risk contribution or
volatility-adjusted notional

How large could the exposure
be after accounting for instru-
ment risk?

Final position

Number of contracts or exe-
cutable target notional

What trade should be sent af-
ter limits, netting, and execu-
tion rules?

This architecture establishes an important discipline: the forecastlayer
should contain directional information, while the position layer should
contain exposure information. Direction and exposure are related, but
they are not interchangeable.

139



CHAPTER 3. DESIGNING ROBUST TREND SIGNALS

For instance, suppose two markets receive identical forecasts of +15.
One is a low-volatility short-term interest-rate contract and the other
is a highly volatile natural-gas contract. The identical forecasts indi-
cate equal directional conviction on the chosen forecast scale. They
do not imply equal contract counts, equal notional exposure, or equal
expected daily profit and loss. Those differences belong in the risk-
scaling and position-conversion layers.

3.1.2 A Precise Sign Convention

Every CTA should define one sign convention and apply it without ex-
ception:

A positive forecast means that a long position in the traded
contract is directionally favored. A negative forecast means
that a short position in the traded contract is directionally
favored.

This convention is simple but operationally important. It ties the signal
directly to the profit-and-loss direction of the instrument being traded.
It avoids ambiguous language such as “bullish bonds,” “bearish yields,”
or “strong currency,” which can create errors when economic intuition
and contract price direction differ.

Consider a bond future. A positive forecast means long the bond future
because the model favors a rise in the contract price. It does not mean
that the model forecasts higher yields. Since bond prices and yields
usually move in opposite directions, a forecast framed in yield language
can easily reverse the intended trade if it is not translated carefully.

The same issue arises in foreign exchange. A currency future has a
defined contract quotation and a defined long side. The forecast sign
should refer to the expected return from being long that listed instru-
ment, rather than to an informal statement about whether a currency
is “strengthening.” A market-specific economic label may be useful for
commentary, but it should never replace the formal trading sign.

The sign convention can be expressed in terms of the next-period ex-
cess return of the instrument. If r; ;1 is the realized return from along
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exposure to market 7, then the desired directional relationship is
Ee[riq1 | Fien > 0] >0,
and, correspondingly,

E¢[rie41 | Fien < 0] <O.

This does not require forecasts to be perfect. Trend models will reg-
ularly be wrong, especially during reversals and range-bound peri-
ods. The convention merely ensures that a positive score always corre-
sponds to the same intended economic action: own the contract rather
than sell it.

3.1.3 Forecast Magnitude Is Conviction, Not a Re-
turn Estimate

A forecast scale must communicate more than direction. A binary sig-
nal that is always either +1 or —1 can identify the preferred side of a
market, but it cannot distinguish weak evidence from unusually strong
evidence. A continuous forecast can make that distinction.

For a bounded scale with F},,.. = 20, a useful interpretation might be:

Table 3.2: Interpretive ranges for an illustrative forecast scale

Forecast range Directional state Interpretation

—20to —13 Strong short Persistent and unusually con-
vincing negative trend evi-
dence

—12to —5 Moderate short Negative directional evi-
dence, but not at maximum
conviction

—4to +4 Neutral or weak Insufficient evidence for a
material directional view

+5to +12 Moderate Iong Positive directional evidence
with moderate conviction

+13to +20 Strong long Persistent and unusually
convincing positive trend
evidence

The numerical thresholds are illustrative. A production program need
not treat +5 as a universal boundary between neutral and long. The
central point is conceptual: forecast magnitude should represent the
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model’s confidence or strength of directional evidence after its raw out-
put has been translated into the common forecast language.

A forecast of +15 should not be read as “the market will earn 15%” or
“the expected return is 15 basis points.” Trend models generally do not
produce return estimates with that degree of precision. The score is
better understood as a controlled expression of conviction:

forecast magnitude ——  strength of directional preference.

This distinction prevents an otherwise subtle error. If a model’s raw in-
put is a 30% trailing return, directly treating that number as a position-
driving forecast gives it an arbitrary and potentially disproportionate
influence. A 30% move in a volatile commodity and a 30% move in a
low-volatility bond market do not necessarily convey comparable direc-
tional information. The raw observation needs interpretation before it
can become a common forecast.

3.1.4 From Indicators to Standardized Forecasts

Let I, ;5 denote a raw indicator. It might be positive or negative,
bounded or unbounded, smooth or discontinuous, and measured in
units that depend on the model. The forecast transformation is a map-
ping

Fith = Foaz Un(Ligh),

where v, (-) maps the raw indicator into the interval [—1, +1].

At this stage, the mapping is an abstraction rather than a commitment
to a particular estimator. Later sections develop several ways of con-
structing I, ; 5. The current requirement is simply that each model
eventually produce a forecast with a consistent sign, range, and inter-
pretation.

Three broad forecast-output designs are common.

A continuous score is often the most natural representation for a diver-
sified managed-futures program because it allows the system to dis-
tinguish between a newly emerging trend, a mature persistent trend,
and a weak or conflicted market. Yet continuous does not mean uncon-
strained. The mapping v;,(-) should be stable enough that small, eco-
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Table 3.3: Common forecast representations

Representation Example Strengths and limita-
tions
Binary Fi ¢ € {—20,+20} Easy to understand and ro-

bust to small input changes.
However, it discards informa-
tion about trend strength and
can produce abrupt exposure
changes.

Discrete score Fitn €  Retains a simple decision

{-20, —10, 0,410, +20} structure while allowing
a neutral state and rough
strength categories. The
thresholds require careful
calibration.

Continuous bounded score F; +,n € [—20,420] Preserves more informa-
tion and supports gradual
changes in conviction. It
requires disciplined normal-
ization and caps to avoid
unstable amplitudes.

nomically insignificant changes in the input do not cause large changes
in the forecast.

A robust forecast mapping usually has four desirable properties:

» Sign preservation. Positive directional evidence should pro-
duce a positive forecast, and negative evidence should produce a
negative forecast.

+ Monotonicity. Stronger positive evidence should not produce
a smaller long forecast, all else equal. The same applies on the
short side.

« Boundedness. Extreme observations should not generate un-
limited conviction. Every model can encounter outliers, bad data,
or market events outside its historical experience.

« Stability. The forecast should not flip repeatedly between
strong long and strong short because of negligible changes in
the underlying data.

The eventual use of volatility adjustment, distributional normaliza-
tion, clipping, and nonlinear compression belongs to the forecast-

engineering layer developed later in this chapter. Before those details
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are introduced, the design principle is already clear: raw model values
are not ready to be compared until they have been translated into a
shared forecast scale.

3.1.5 Why Horizons Need Their Own Language

Trend is not one phenomenon occurring at one speed. A market can
rise persistently for a year while experiencing a sharp two-week decline.
A short-horizon model may therefore favor a short position at the same
time that a long-horizon model favors a long position. This is not nec-
essarily a contradiction. The models may be describing different parts
of the same price path.

A horizon is best understood as the speed of information that a trend
model is intended to capture. It is not merely the number of observa-
tions in an input window. Two models with the same nominal lookback
can have different effective horizons if one responds sharply to recent
observations and the other smooths them heavily.

For each horizon &, the forecast should answer a distinct question:
F 1 1s the directional conviction for market i at speed h.

by

A practical three-bucket structure is:

Table 3.4: Illustrative horizon buckets for a diversified CTA program

Bucket Typical effective horizon Primary role
Short Several days to roughly three  Detects emerging moves and
months responds relatively quickly

to reversals, at the cost of
greater sensitivity to noise
and higher turnover.

Medium Roughly three to nine months ~ Captures sustained direc-
tional movement  while
avoiding some of the noise
faced by the fastest signals.
It is often the central trend
horizon  for  diversified

programs.
Long Roughly nine to eighteen Seeks broad, persistent
months or longer trends and changes direction

slowly. It tends to be more
patient through temporary
corrections but can react late
to major reversals.

These ranges are deliberately approximate. There is no universal
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boundary at exactly 63, 126, or 252 trading days. Different markets
trade on different calendars, have different noise levels, and exhibit
different forms of short-term disruption. A horizon definition should
instead be based on the model’s effective responsiveness: how quickly
it incorporates a meaningful reversal and how much historical infor-
mation influences its current forecast.

For operational clarity, each program should state its horizon taxon-
omy in advance. A useful specification includes:

the intended effective memory of the signal;

the expected frequency of meaningful forecast changes;

the rebalancing schedule on which forecasts are evaluated;

the data cutoff time used to form the signal;

+ the maximum allowed overlap with adjacent horizon buckets.

The data cutoff deserves particular attention. A forecast labeled F; ; 5,
must be based only on information available at its stated decision time.
If the signal uses daily settlements, the research process must spec-
ify whether a settlement is known before the next trading decision
and must apply that convention consistently across venues. A forecast
should never acquire information from a later price, a later roll deci-
sion, or a revised data field that was unavailable at the time.

3.1.6 Horizon Decomposition Preserves Useful
Disagreement

Rather than asking a single model to summarize every possible trend
speed, a CTA can retain a vector of horizon-specific forecasts:

FLt,short
Fi,t = Fi,t,medium
E,t,long

This representation is richer than a single composite score. It records

whether directional evidence is aligned across speeds or whether the
market is undergoing a transition.
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Suppose a market has
Fi,t,short = _12a Fi,t,medium = +4a Fi,t,long = +16.

The interpretation is not “the model is broken.” Instead, the short hori-
zon detects a meaningful decline, the medium horizon is close to neu-
tral, and the long horizon still sees an established upward movement.
Such a pattern may occur during a correction inside a larger trend, or
at the early stage of a more durable reversal. The correct response is
not to force all signals into agreement. It is to preserve the information
until the program reaches its later combination and risk-control stages.

This decomposition creates several benefits:

« Different reaction speeds. Fast and slow signals can coexist
without requiring one model to make every timing decision.

+ Clearer diagnosis. When performance changes, researchers
can identify whether the issue arose in fast, medium, or slow
trend exposure.

+ Reduced model ambiguity. A signal can be classified by its in-
tended horizon rather than described vaguely as “a trend model.”

+ More deliberate diversification. Signals that react at differ-
ent speeds may provide distinct behavior during trend accelera-
tion, consolidation, and reversal.

Horizon decomposition does not make the components independent.
Short-, medium-, and long-horizon trend signals are all derived from
the same market history, so their forecasts will often be positively cor-
related. The objective is not artificial independence. The objective is to
avoid accidental duplication and to understand what each component
contributes.

A useful practical test is to examine the response of a candidate signal
to a stylized price reversal. If a market has risen for many months and
then declines sharply, how quickly does the signal reduce a long fore-
cast, reach neutral, and become short? This response profile provides
a more meaningful horizon classification than a label based solely on a
nominal parameter length.
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3.1.7 Comparability Across Markets

A managed-futures program spans markets with fundamentally differ-
ent price behavior. Equity-index futures, interest-rate futures, com-
modities, and foreign-exchange futures differ in volatility, liquidity,
contract specifications, seasonality, trading hours, and the economic
meaning of price changes. A forecast architecture should not pretend
that these differences disappear. Instead, it should ensure that direc-
tional conviction is expressed in a form that can be compared despite
them.

The key distinction is between economic comparability and measure-
ment comparability.

Economic comparability does not require a trend in crude oil to arise
for the same reason as a trend in a bond future. Commodity moves
may reflect inventories and supply disruptions; rate moves may re-
flect monetary-policy expectations; currency moves may reflect rela-
tive growth, inflation, and capital flows. The underlying narratives can
differ substantially.

Measurement comparability means that a forecast of +-10 has the same
operational interpretation everywhere: a moderately positive direc-
tional view on the traded contract, expressed on the same bounded
scale. This common scale permits later aggregation without allowing
the units of an indicator to determine its influence.

The following conventions support comparability:

» Use tradable return direction. Forecast signs should refer
to gains and losses from long or short exposure to the listed in-
strument.

« Apply a common forecast range. A model should emit val-
ues on the same bounded scale for every market in its eligible
universe.

+ Separate the forecast from contract economics. Contract
multiplier, tick value, margin requirement, and market volatil-
ity affect position conversion, not the directional meaning of the
forecast.
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+ Retain market-specific data conventions. The construc-
tion of continuous price histories, roll schedules, settlement
fields, and session calendars must remain explicit. A standard-
ized forecast does not excuse inconsistent underlying data.

» Treat missingness as information about availability. A
market with insufficient valid data should produce an unavail-
able forecast state, not an invented zero signal that is indistin-
guishable from genuine neutrality.

The last point is especially important in production. A forecast of zero
says, “the model observed valid inputs and has no directional prefer-
ence.” A missing forecast says, “the model could not form a valid opin-
ion under the program’s data rules.” These are different states and
should remain different in research databases, monitoring systems,
and downstream position logic.

3.1.8 Forecast Design Criteria

Before choosing a specific trend estimator, the program should estab-
lish criteria that every forecast must satisfy. These criteria make it pos-
sible to compare model families on equal terms later in the chapter.

These criteria are deliberately more durable than any single parameter
choice. A program may later change a lookback length, add a new es-
timator, or revise a normalization rule. It should not need to redefine
what a positive forecast means or rebuild every downstream compo-
nent.

3.1.9 A Minimal Forecast Specification

For each market—horizon pair, a production-quality forecast definition
should be expressible as a compact specification. Define S, , as the
tuple (input data, decision time, indicator rule, mapping rule, forecast
range, validity rule).

In plain language, the specification should answer six questions:

o What data does the model use?
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Table 3.5: Core design criteria for standardized forecasts

Criterion

Practical meaning

Comparability

Forecast values have a common sign conven-
tion, bounded range, and interpretation across
instruments, models, and horizons.

Stability

Small changes in data do not create implau-
sibly large changes in directional conviction.
Extreme observations cannot create unlimited
forecast magnitudes.

Interpretability

A researcher, risk manager, and portfolio man-
ager can explain what a forecast value means
and why it changed.

Modularity

A model can be replaced, improved, or dis-
abled without changing the definitions of risk
scaling, position conversion, or other model
families.

Timing integrity

Every input is available at the stated decision
time, and the forecast can be reproduced from
versioned data and rules.

Auditability

The system records the raw input, transforma-
tion, horizon label, forecast value, and any va-
lidity flags needed to reconstruct the decision.

« When is that data considered available?

o What raw directional indicator does the model calculate?

« How is the raw indicator mapped into forecast points?

» What are the minimum and maximum permitted forecast values?

o Under what conditions is the forecast unavailable rather than

neutral?

This discipline prevents a signal definition from becoming an informal
collection of assumptions. It also ensures that subsequent work on risk
scaling and final holdings begins with a stable, reproducible source of

directional information.

The rest of the chapter develops several methods for producing the
raw directional evidence that feeds this framework. Their mechanics
differ, and their behavior across market environments differs. Yet all
should ultimately produce the same type of object: a bounded, signed,
horizon-specific forecast that states directional conviction without pre-

maturely deciding position size.
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3.2 Time-Series Momentum as the Core
Model

The forecast architecture developed in the preceding section gives ev-
ery trend model a common output language: a signed, bounded ex-
pression of directional conviction. Time-series momentum provides
the most useful starting point for populating that framework. It is
transparent, broadly applicable to liquid futures markets, and simple
enough that its assumptions can be inspected directly.

As discussed earlier, time-series momentum uses a market’s own past
return to form a directional view. Its value as a core model does not
come from conceptual novelty. It comes from its role as a disciplined
benchmark. Before adding moving-average rules, breakout logic, re-
gression estimates, filters, or more elaborate model blends, a research
team should be able to specify, test, and operate a robust own-return
trend signal.

A candidate extension should then face a demanding question:

Does this additional model provide information or behavior that is
meaningfully different from a carefully designed time-series momen-
tum forecast?

If the answer is no, the additional complexity may simply duplicate
existing trend exposure while increasing parameters, implementation
burden, and opportunities for overfitting.

3.2.1 The Basic Return-Window Signal

Let P;, denote the price used to construct the signal for market 7 at
decision time ¢. As established in the data-engineering framework, this
series must be defined consistently: the roll methodology, settlement
convention, session boundary, and information-availability timestamp
must all be known before the signal is tested.

For a daily implementation, define the continuously compounded re-

turn as
Tt =1n( Pi >
" P
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A trailing return over a lookback of L observations, with an optional
skip period of s observations, is

s+L
L,s
RiyY = 3 riamge
j=s+1
Equivalently,
P
R(L,s) 1n< i,t—s )
ut Pt s

The lookback L determines how much historical price movement en-
ters the signal. The skip period s determines whether the most recent
observations are included. When s = 0, the signal uses the latest avail-
able return. When s > 0, it deliberately excludes the most recent s
observations.

The simplest directional forecast is binary:
Fit = Frax sign(REﬁ’s)),
where
+1, x>0,
sign(z) = {0, 2=0,
-1, x<0.
With F,,,., = 20, a positive trailing return produces a forecast of +20,
while a negative trailing return produces —20. This rule is useful be-

cause it leaves little room for interpretation: the model is long when
the selected historical return is positive and short when it is negative.

Yet a binary rule is only one possible translation from own-past return
to forecast space. The trailing return itself contains information about
strength as well as direction. A market that has risen 1% over the rele-
vant horizon may not deserve the same forecast magnitude as one that
has risen 25%, particularly if the latter move is large relative to the
market’s normal variation.

A continuous forecast can therefore be written more generally as
L,
Fi,t = Fraz g(RZ(,t s))’
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where g(-) is a bounded, monotonic mapping from the raw trailing re-
turn into the interval [—1,+1]. The detailed choices involved in nor-
malizing, capping, and stabilizing ¢(-) are deferred to the signal-scaling
section. At this stage, the important point is that time-series momen-
tum provides a raw directional input that can be mapped cleanly into
the common forecast language.

3.2.2 The Decision-Time Convention

A trend signal is not fully specified until its timing is specified. The
following sequence is typical for a daily process:

1. The official settlement for day ¢ becomes available under the pro-
gram’s stated data convention.

)

2. The signal computes Rgﬁ’s using only information available at

that time.

3. The resulting forecast F; ; becomes the desired directional input
for the next executable trading opportunity.

4. Position conversion, risk controls, and execution rules determine
the actual trade.

This sequence may seem obvious, but it prevents a common backtest
error. A signal that uses the day-¢ settlement cannot generally earn
the day-t¢ close-to-close return from a trade decided using that same
settlement. The strategy can react only after the relevant information
is known.

The model should also state whether the signal is evaluated every trad-
ing day, weekly, or at some other fixed schedule. A monthly trend
model recalculated at month-end is not equivalent to a daily model
that happens to use approximately one month of returns. The former
changes only at scheduled monthly decision points; the latter can re-
spond every day as the rolling window evolves.
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3.2.3 Lookback Length Is a Choice About Speed

The central design parameter in time-series momentum is the look-
back length L. Shorter lookbacks respond more quickly to recent price
changes. Longer lookbacks require a more persistent move before the
forecast changes sign.

For example, consider three daily lookbacks:
Lshort = 21; Loedium = 1267 Llong = 252.

These correspond roughly to one month, six months, and one year of
trading days. The exact values are less important than the behavioral
distinction they create.

A short lookback reacts quickly. If a market rises for several weeks and
then falls sharply, a 21-day return can become negative within days.
This responsiveness can help capture emerging moves and reduce ex-
posure after abrupt reversals. The cost is that short signals are more
vulnerable to noise, temporary price shocks, and repeated sign changes
in range-bound markets.

A long lookback changes more slowly. A 252-day signal may remain
positive through a substantial correction because the earlier upward
movement continues to dominate the trailing return. This persistence
can avoid reacting to every short-lived reversal, but it can also leave the
model positioned in the old direction after a genuine trend change.

The medium-horizon signal occupies the space between these
extremes. It generally gives up some responsiveness in exchange for a
more stable view of the prevailing direction.

The relationship is summarized in the table below.

A lookback should not be selected because a particular value produced
the strongest historical performance in a narrow sample. A parameter
such as 126 trading days is not economically privileged merely because
it is conventional. It is a practical approximation to an intended re-
sponse speed.

The research question should therefore be framed in behavioral terms:

How rapidly should this component alter its directional conviction
after the market’s path changes?
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Signal speed Typical lookback Expected behavior

Short horizon Days to a few months Responds quickly to new di-
rectional movement and re-
versals.  Usually produces
more forecast changes and is
more exposed to noise and
whipsaw.

Medium horizon Several months Balances responsiveness and
persistence. Often serves as a
central reference horizon for
a diversified trend program.

Long horizon Many months to a year or  Seeks sustained directional

more movement and changes
slowly. More patient during
temporary corrections, but
slower to recognize major
reversals.

That question is more durable than asking whether 120, 126, or 130
observations generated the best in-sample Sharpe ratio.

3.2.4 The Role of the Skip Period

The skip period s excludes recent returns from the trailing window. For
example, a 12-month lookback with a one-month skip can be written

as b
R(252.21) _ ln( i t—21 ) '
b Pit_or3

This signal measures the return over the prior year while omitting the
most recent 21 trading days.

A skip period is sometimes introduced to reduce sensitivity to very
short-term reversal effects, market microstructure noise, or temporary
dislocations near the decision date. It can also be used to make a slow
signal more distinct from a faster signal that deliberately incorporates
recent information.

However, skipping recent data is not automatically an improvement.
A trend model earns its role by responding to price movement, and
a skip period necessarily delays that response. If a persistent trend
accelerates, or if a major reversal begins, the omitted observations may
be highly informative. The skip period should therefore be treated as
an explicit design choice rather than a default convention.

The practical implications are straightforward:
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+ A smaller s increases responsiveness to the latest market move-
ment.

» Alarger s reduces the influence of very recent returns but creates
more delay.

« A skip period should be tested jointly with the lookback rather
than selected independently.

« The implementation must ensure that the omitted interval is
truly excluded from the calculation; it should not re-enter indi-
rectly through another feature or an incorrectly aligned return
series.

For many managed-futures applications, a zero-skip specification is an
appropriate core benchmark because it is direct, transparent, and fully
responsive to the latest available settlement. A skipped specification
can be evaluated as a deliberate variation, but it should have a clear
purpose.

3.2.5 Overlapping Windows and Signal Persis-
tence

A daily-rebalanced time-series momentum signal usually uses overlap-
ping return windows. Suppose L = 252. The signal computed today
uses returns from approximately the previous 252 sessions. Tomor-
row’s signal uses nearly the same information, with one new return
added and one old return removed.

The overlap between adjacent windows is therefore

L-1

L

For a 252-day window updated daily, adjacent raw return measure-

ments overlap by

251 o
— ~99.6%.
553 99.6%

This high overlap is not an error. It is a direct consequence of asking a
long-horizon model for a daily updated forecast. It generally produces

155



CHAPTER 3. DESIGNING ROBUST TREND SIGNALS

gradual forecast evolution, except when the current price is close to
the level at the start of the lookback window. At that point, a relatively
small new return can move the trailing return through zero and flip the
directional sign.

Overlapping windows have several practical advantages:

» The forecast is refreshed whenever new market information ar-
rives.

« Signal changes are spread through time rather than concentrated
at infrequent update dates.

« The implementation is easy to define and reproduce.

« Short-, medium-, and long-horizon models can all be evaluated
on the same daily decision calendar.

Their principal consequence is serial dependence in the raw signal. Ad-
jacent observations are not independent because they share almost all
of their input data. This is not problematic for trading implementa-
tion, but it matters for research interpretation. A long series of daily
signal observations does not provide the same amount of independent
evidence as an equally long series of unrelated observations.

A non-overlapping approach instead partitions history into separate
blocks. For example, a 12-month return could be measured over one
completed year, held unchanged for the next period, and then recalcu-
lated using the next completed block. Such a design reduces overlap in
the input windows, but it introduces other problems:

« Forecasts can become stale between scheduled update dates.

« Signal changes may cluster at month-end, quarter-end, or an-
other arbitrary boundary.

« A market reversal immediately after an update may not affect the
forecast for a long time.

The chosen block boundaries can have an outsized influence on
realized behavior.
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For these reasons, non-overlapping windows are often more useful as
a robustness check than as the primary production implementation. If
a trend result disappears entirely when the same horizon is sampled
using different reasonable window alignments, the researcher should
be cautious about attributing too much significance to the original spec-
ification.

3.2.6 Overlapping Lookbacks Versus Rebalanc-
ing Frequency

It is useful to separate two choices that are often confused:

1. The lookback window: how much history enters the return
calculation.

2. The rebalancing frequency: how often the forecast is trans-
lated into a new desired exposure.

A 252-day trailing-return signal can be calculated every day, every
week, or every month. The underlying directional evidence is similar,
but the realized trading path differs because the program acts on the
information at different intervals.

Likewise, a daily-rebalanced system can contain both fast and slow
trend components. Daily rebalancing does not make every component
short horizon. It merely determines how frequently each component
is allowed to update.

The distinction can be written schematically. Let d denote the interval
between forecast updates. Then, if ¢ is an update date,
L,
F=F(RYY),
and otherwise
Fiir=Fii 1.
Here, L controls the information horizon, while d controls the opera-
tional update schedule.

A high-frequency update schedule can improve responsiveness, but it
can also increase turnover when the forecast changes near its decision
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boundary. A low-frequency update schedule can reduce unnecessary
trading, but it can delay reaction to new information. Neither choice
should be made in isolation from expected liquidity, execution costs,
and the intended role of the horizon bucket.

3.2.7 Return Sampling Interval

The signal’s sampling interval also affects its behavior. A one-year
trend signal can be constructed from daily, weekly, or monthly obser-

vations:
252

daily
Ry :E Tit—j+1,
=1

52

weekly __ week
Ri t - it—j+1>
j=1
12
monthly __ month
R;, =) Tit—jt1-
j=1

Over a perfectly aligned interval, these measures may be numerically
similar because each aggregates price movement over approximately
the same calendar span. In practice, they differ because of calendar
conventions, update timing, incomplete periods, and the way each sam-
pling frequency handles sharp moves within the interval.

Daily sampling is generally attractive for liquid futures because it uses
information promptly and aligns naturally with daily risk processes.
Weekly or monthly sampling may be appropriate when the intended
signal is explicitly slow-moving or when the program seeks to reduce
operational sensitivity to daily noise.

The sampling choice should be consistent with the signal’s stated hori-
zon. A model described as long horizon but recalculated from sparse,
irregular observations may behave differently from a genuinely slow
model using a stable daily process. Conversely, daily observations do
not by themselves make a model fast; a daily-updated 18-month return
remains a long-horizon directional input.
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3.2.8 Direction, Strength, and the Distance From
Neutral

The sign of a trailing return identifies the direction favored by the
model. The magnitude of that return can provide a preliminary indica-
tion of strength, but raw magnitude should be interpreted carefully.

Consider two markets:
RUPY = 149%,  RYYY = 14%.

The equal returns do not necessarily imply equal conviction. If market
A is alow-volatility government-bond future and market B is a volatile
energy future, a 4% six-month move may represent very different de-
partures from normal market behavior.

This is why the model should distinguish between the raw time-series
momentum measurement and the standardized forecast. The raw trail-
ing return answers:

How much did this market move over the selected historical interval?
The forecast answers:

Houw strong is the directional conviction after expressing that move-
ment on a common scale?

A useful conceptual sequence is

trailing return — directional sign — strength assessment —
bounded forecast.

The first two steps are intrinsic to time-series momentum. The latter
steps ensure that signals can later be compared and combined without
allowing a market’s raw return scale to determine its importance.

The distance from neutral is also important. A raw return very close to
zero means the market price is near its level at the start of the lookback.
A binary rule must still choose long or short unless a neutral band is
explicitly permitted. This can generate unstable sign changes around
zero.
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One response is to define an inaction region:
+FFmass RV > ¢,
F: =40, ‘R;Lt’s)

L,¢
*Fm.am» Rz(',t ) < =,

<c

where ¢ > 0 is a threshold. The threshold creates a neutral zone in
which the evidence is judged too weak to support a directional forecast.

This can reduce unnecessary forecast flipping, but it introduces a new
parameter and a discontinuity at the threshold. A continuous forecast
mapping may instead shrink gradually toward zero as the trailing re-
turn approaches zero. The appropriate choice depends on the desired
signal behavior, but both approaches should be evaluated as forecast-
design decisions rather than hidden implementation details.

3.2.9 A Baseline Specification

A useful baseline should be simple enough to audit and broad enough
to serve as a reference for later models. One example is:

1. Use daily settlement-based continuous price series constructed
under the program’s established roll methodology.

2. Calculate daily log returns.

3. Form trailing returns using several predeclared lookbacks, such
as 21, 126, and 252 trading days.

4. Use no skip period in the initial benchmark.

5. Recalculate forecasts each trading day after the relevant settle-
ment information is available.

6. Map the sign and strength of each trailing return into the pro-
gram’s bounded forecast scale.

7. Keep each horizon-specific forecast separate until the later en-
semble stage.
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This specification does not claim that these exact horizons are optimal.
Its purpose is to create a transparent reference implementation. Any
alternative trend estimator should be compared with this benchmark
on a like-for-like basis: same market universe, same data conventions,
same decision-time assumptions, and the same downstream treatment
of forecast outputs.

3.2.10 Robustness Tests Before Production Use

A time-series momentum rule can appear persuasive in a backtest
while remaining fragile in production. The model should therefore
pass a set of robustness tests before it becomes a core component of
a managed-futures program.

3.2.11 Parameter Neighborhood Tests

The first test is whether the result depends excessively on one exact
lookback. A signal using L = 126 should be examined alongside nearby
values, such as 105, 147, or 168 days. The goal is not to identify the
single best parameter. It is to determine whether the model’s behavior
is stable within a reasonable neighborhood.

If the evidence is favorable only at one narrowly chosen value and de-
teriorates sharply on either side, several explanations are possible:

« the parameter may have been selected with hindsight;

« the apparent result may depend on a small number of historical
episodes;

« the lookback may be interacting accidentally with roll dates, cal-
endar effects, or the chosen sample boundaries;

« the model may be too sensitive for the intended horizon role.

A credible core signal should usually exhibit broad behavioral continu-
ity. Adjacent parameter values need not produce identical returns, but
they should produce recognizably similar exposures and risk character-
istics.
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3.2.12 Sampling and Rebalancing Tests

The signal should be tested under reasonable variations in update fre-
quency and observation sampling. Relevant comparisons include:

« daily versus weekly forecast updates;
« daily versus weekly return sampling;
« month-end updates versus staggered monthly update dates;

« overlapping rolling windows versus alternative block alignments.

These tests identify whether the result depends on an arbitrary calen-
dar convention. For example, a model that works only when updated
on the final trading day of each month, but not on nearby dates, de-
serves careful scrutiny. A robust directional effect should not require
a particular month-end boundary unless there is a clear economic and
operational reason for that boundary.

3.2.13 Subperiod and Market-Group Tests

Trend behavior varies through time. A model should be examined over
multiple economic environments rather than judged solely on a full-
sample statistic. Useful partitions include periods of rising and falling
interest rates, commodity supply shocks, equity stress episodes, low-
volatility intervals, and high-volatility intervals.

The test should also be performed separately by market group. A signal
that appears strong in the aggregate may in fact be driven by a small
subset of markets or a single unusually favorable episode. This does
not automatically disqualify the signal, but it changes the interpreta-
tion. A broad core model should not rely unknowingly on one source
of historical return.

The appropriate question is not whether every market and
every decade produces the same result. That standard would be
unrealistic. Instead, ask whether the signal’s directional behavior is
understandable, whether its failures are consistent with its design,
and whether its contribution is unreasonably concentrated.
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3.2.14 Data-Convention Tests

Because time-series momentum is directly driven by historical returns,
it is sensitive to data construction. The research process should test
reasonable alternatives for:

« roll timing and continuous-series adjustment;

« settlement prices versus other end-of-session fields where appro-
priate;

« treatment of missing observations and partial trading sessions;
« calendar alignment for markets with different session schedules;

« contract eligibility and liquidity filters.

The objective is not to find the most favorable data convention. It is to
verify that the model is not exploiting an artifact of a particular series
construction. A trend forecast built from a continuous price history
should retain its broad character under reasonable alternative roll and
adjustment choices, even if exact backtest results vary.

3.2.15 Forecast Stability and Turnover Tests

The raw signal may be statistically valid but operationally unsuitable if
it changes too abruptly. Researchers should measure:

» the frequency of forecast sign changes;
« the average absolute daily and weekly change in forecast value;
« the proportion of time spent near the neutral boundary;

« the concentration of forecast changes during stressed market
conditions;

+ the implied turnover before and after downstream risk conver-
sion.

163



CHAPTER 3. DESIGNING ROBUST TREND SIGNALS

A short-horizon signal is expected to change more frequently than a
long-horizon signal. The relevant issue is whether that behavior is con-
sistent with the stated role of the model and feasible under the pro-
gram’s execution assumptions.

Forecast stability should not be confused with profitability. A stable
signal can be persistently wrong, while an unstable signal can occasion-
ally capture rapid reversals. The purpose of this test is to ensure that
the forecast’s path is understood and that its operational demands are
realistic.

3.2.16 Implementation Integrity Tests

Finally, every production candidate should pass basic reproducibility
checks:

1. Recreate the forecast from versioned input data and a docu-
mented parameter set.

2. Confirm that no future settlement, revised field, or later roll de-
cision enters the historical calculation.

3. Verify that the signal is unavailable, rather than silently set to
zero, when required data are missing.

4. Confirm that the long and short signs produce the intended
profit-and-loss direction for every instrument.

5. Reconcile a sample of historical forecast changes to the underly-
ing trailing-return calculations by hand.

These checks are not administrative formalities. A simple model is
valuable partly because it can be audited. If a research team cannot
explain why a 126-day trend forecast changed from +8 to —3 on a given
date, the model is not yet ready to serve as a benchmark for more com-
plex alternatives.
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3.2.17 Why Time-Series Momentum Remains the
Reference Model

A carefully specified time-series momentum process has several fea-
tures that make it the appropriate reference point for the rest of the
chapter.

First, it uses a single intuitive source of information: the market’s own
past return. There is little ambiguity about what the model observes.

Second, its main design choices are visible. Lookback length, skip pe-
riod, sampling interval, update frequency, and forecast mapping can
all be stated explicitly and tested directly.

Third, it naturally supports the horizon decomposition introduced ear-
lier. The same basic structure can generate fast, medium, and slow
directional forecasts without changing the meaning of the output.

Finally, it provides a disciplined standard for evaluating added com-
plexity. A moving-average rule, breakout system, regression slope, or
filtered estimate should not be adopted merely because it has a more
elaborate narrative. It should be adopted only if it improves the signal
stack through clearer robustness, different reaction behavior, better in-
formation content, or more reliable implementation.

Time-series momentum is therefore not merely the simplest trend rule.
It is the baseline model against which the practical value of every sub-
sequent trend estimator should be judged.

3.3 Moving Average and Breakout Fami-
lies

Time-series momentum provides a direct benchmark because it asks
a simple question: has the market risen or fallen over a selected trail-
ing interval? Moving-average and breakout rules ask related questions,
but their mechanics differ materially. Those differences determine
when a signal enters, how it reacts to reversals, how often it changes
direction, and what type of price path it is best suited to capture.

A moving-average rule summarizes price history through smoothing.
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It asks whether recent prices are high or low relative to a smoothed ref-
erence level, or whether a faster estimate of price direction has crossed
a slower estimate.

A breakout rule uses a threshold. It asks whether the current price
has exceeded a previously observed range. It does not gradually infer
direction from all past observations. Instead, it waits for a market to
cross a defined boundary.

Both families can produce standardized long—short forecasts, but they
should not be treated as interchangeable implementations of the same
signal. A moving-average rule is principally a relative-level or relative-
slope rule. A breakout rule is a new-extreme rule. Their distinct entry
geometry creates different exposure paths even when they use similar
nominal horizons.

3.3.1 Moving Averages: Smoothing Price History

Let P, be the signal price for market ¢ at time ¢. A simple moving
average of length N is

1 N—-1
SMA =¥ ZO Pi: ;.

The average gives equal weight to each of the most recent N observa-
tions. A 50-day moving average, for example, assigns the same weight
to yesterday’s price and to the price observed 49 trading days ago.
When a new observation enters the window, the oldest observation
leaves it entirely.

An exponentially weighted moving average instead places more weight
on recent prices:

EMA}) = AP, + (1 — \)EMAY) |,
where 0 < A < 1. Alarger A makes the estimate more responsive. Un-
like a simple moving average, an exponential average does not have a

hard cutoff. Older observations continue to matter, but their influence
declines geometrically.
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The choice between simple and exponential smoothing is not merely
cosmetic. A simple moving average changes in discrete steps as obser-
vations enter and leave the window. An exponential average changes
continuously in response to each new price, with the most recent price
receiving the greatest weight. Both can be useful, but they imply differ-
ent response profiles around turning points.

Two moving-average formulations are especially common in trend sys-
tems:

« a price-versus-average rule; and

« a fast-versus-slow crossover rule.

3.3.2 Price Versus Moving Average

The simplest formulation compares the current price with a moving
average:

N N
DY) =P, ~MALY.
A binary directional rule is then

F; 1 = Fmax sign (ijzf)) .

The model is long when the price is above its moving average and short
when the price is below it.

The intuition is straightforward. If price has spent enough time above
its recent average, the recent path is considered upward-looking. If it
remains below the average, the recent path is considered downward-
looking.

This formulation can respond relatively quickly because the current
price enters directly into the comparison. A sharp price move may
place the market above or below the average even when the average
itself has not yet moved much. That responsiveness is useful in a new
trend, but it can create frequent sign changes when price oscillates
around the moving average.
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A continuous version uses the distance between price and the average
rather than only its sign. One possible raw score is

N
Z(N) _ Pi,t - MAz(',t)
o MA!Y)

The quantity Zl(z;r) is positive when price is above the average and nega-
tive when it is below. It is still only a raw indicator. Its eventual conver-
sion to a bounded forecast requires the common scaling and capping
discipline developed later in the chapter.

3.3.3 Fast—Slow Crossovers
A crossover rule compares two smoothed estimates of price:
(Ng,Ns) _ (Ny) (Ns)
Di,t ! - MAi,t - MAi,t ’

where
Nf < Ng.

The short-window average is the “fast” average, while the long-window
average is the “slow” average. A binary crossover forecast is

F; t = Finax Sign (fo;’f,Ns)) .

The rule is long when the fast average is above the slow average and
short when the fast average is below it.

A crossover does not compare today’s price directly with a histori-
cal reference. It compares two estimates of the market’s direction,
each formed with a different degree of smoothing. The fast average
responds first to a changing price path. The slow average responds
later. Abullish crossover occurs when recent price action has improved
enough that the fast estimate rises above the slower estimate.

This introduces a deliberate form of lag. A market can begin rising
before the fast average crosses the slow average. The crossover rule
waits for enough evidence to accumulate in the smoothed series. In

168



3.3. MOVING AVERAGE AND BREAKOUT FAMILIES

exchange, it may be less reactive to a brief one-day or two-day price
jump than a price-versus-average rule.

The lag is not a flaw in itself. It is the mechanism by which the rule
filters price noise. The relevant question is whether the amount and
form of lag are appropriate for the intended horizon.

3.3.4 Moving-Average Lag Is Path Dependent

It is tempting to describe a moving average as having a fixed lag equal
to one-half of its window length. That approximation can be useful for
intuition, but real signal lag is path dependent.

Consider two different price paths:

« Inthefirst path, price moves steadily upward by a similar amount
each day.

+ In the second path, price remains flat for many days and then
rises sharply in a single jump.

A moving average responds differently to these paths even if both end
at the same price. In a steady rise, the average follows the market grad-
ually. In a sudden jump, the current price may move far above the
average immediately, while the average itself adjusts only slowly.

The same principle applies to a crossover. A gradual trend reversal can
cause the fast and slow averages to converge and cross in a relatively
orderly way. A sudden gap or sharp reversal may move the fast average
rapidly while the slow average remains anchored in the old regime. The
timing of the crossover depends on the entire sequence of observations,
not merely on the final price change.

This path dependence has two practical implications.

First, a moving-average signal should be assessed using realistic price
sequences, not only by inspecting its nominal parameter lengths. A 20-
day and 100-day crossover is not simply a “60-day lagged” indicator.
Its reaction speed depends on how the market moved before and after
the turning point.

Second, small changes in the chosen smoothing lengths can materially
alter behavior near reversals. A 20-day and 100-day crossover may be
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long while a 30-day and 120-day crossover remains short, even though
both are intended to represent medium-horizon trend. The model de-
signer should therefore evaluate a neighborhood of reasonable param-
eter pairs rather than relying on a single optimized crossover.

3.3.5 Breakout Rules: Trading Beyond a Histori-
cal Range

A breakout rule begins with an upper and lower channel. For a look-
back of N observations, define

Ui(,ltv) = max (Pi,t—la Pii_o,..., ]Di,t—N) )

and N
LZ('7t) = min (Pi,t—17 Pi,t—27 cee F)i,t—N) .

The current observation P, ; is deliberately excluded from the channel
calculation. This is essential. If the current price were included in the
maximum, then it could never exceed the upper channel; if included in
the minimum, it could never fall below the lower channel.

A basic breakout entry rule is

+Fmax, it > U(N)

,t
Fi,t = _Fmax; Pi,t < L(N)

it o

F,.—1, otherwise.

The forecast changes only when the market establishes a new N-period
high or low. Between those events, the rule retains its prior directional
state.

This is fundamentally different from a moving average. A market may
be rising and remain above its moving average for a long time with-
out setting a new N-period high every day. Conversely, a market can
set a new high even when the moving-average relationship is not yet
strongly positive, particularly after recovering from a prior decline.

The breakout rule therefore has a threshold-based geometry:
« Inside the channel, no new directional event occurs.
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+ At the channel boundary, the signal is activated or reversed.

« Beyond the boundary, the rule confirms that price has exceeded
the historical range.

A breakout signal is often described as waiting for confirmation. More
precisely, it waits for a specific type of confirmation: evidence that the
current price lies outside the range observed over the chosen lookback.

3.3.6 Entry and Exit Horizons Need Not Be Iden-
tical

A simple breakout rule uses the same channel length for entries and
exits. A more flexible design uses separate horizons:

Nentry ?A Nezit .

For example, a model may enter long after a break above a 60-day high
but exit that long exposure after a break below a 20-day low. The cor-
responding long-state logic is

Nentry
+ Frax, Pz’,t > Ui(yt ! ,,)’
Ne:mi,
Fiy={00r — Fuax, Piy <Ly,
Fii—1, otherwise.

Using a shorter exit horizon than entry horizon makes the system more
willing to abandon an existing trend than to initiate a new one. This
can reduce the time spent holding a position after a reversal, but it also
increases the likelihood of exiting during a temporary correction.

A symmetric rule, with equal entry and exit horizons, is easier to ex-
plain and test. An asymmetric rule gives the researcher more control
over the holding pattern but also adds parameters. The extra flexibil-
ity should be justified by robust behavior rather than by a favorable
backtest result at one particular parameter pair.

The exit decision also requires an explicit policy. When a long breakout
fails, the rule may:

« move directly from long to short;
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« exit to a neutral forecast and wait for a separate short-entry trig-
ger; or

« reduce forecast strength gradually while retaining a directional
bias.

These are economically distinct choices. Direct reversal produces a
more continuously invested directional strategy. A neutral waiting
state reduces immediate reversal risk but may miss a rapid transition
from an upward to a downward trend.

3.3.7 Breakout Strength Is Not the Same as
Breakout Direction

A binary breakout has a clear directional state but provides limited in-
formation about strength. Once price exceeds the upper channel, the
raw forecast is typically set to the same maximum long value whether
the break is marginal or substantial.

A continuous breakout score can retain more information. One possi-
ble raw measure is the distance beyond the channel boundary:

+ Py — Uz(éV)
T
for an upside breakout, and
b»_t = 7Pi’t _ LE’I;])
7, LE,];[) 9

for a downside breakout. These quantities indicate how far price lies
beyond the relevant historical boundary.
Another useful measure is the channel position:

N
C<N) _ Pi-,t - Lz(',t)
it Ul_(é\f) _ Lz(',J:\s[)

When cgfj) is near zero, price is near the bottom of the recent range.
When it is near one, price is near the top. Values above one or below
zero indicate that price has moved outside the prior channel.
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These measures can inform forecast strength, but they should not be
confused with final exposure. A wide channel in a volatile market
and a narrow channel in a quiet market can produce different raw dis-
tances for economically similar directional evidence. The standardiza-
tion problem remains and is addressed later in the chapter.

3.3.8 Moving Averages and Breakouts React to
Different Price Paths

The practical contrast between the two families is easiest to state in
terms of price sequences.

A moving-average rule can respond to a gradual change in direction
even before the market exceeds its old range. Suppose a market has
declined for several months, stabilized, and then begins to recover. The
fast average may rise above the slow average before price reaches the
previous multi-month high. A crossover can therefore recognize an
improving price path without requiring a new extreme.

A breakout rule behaves differently. It may remain neutral or retain its
previous state until the market exceeds the relevant channel. This can
delay entry after a rounded bottom or gradual recovery. However, once
a persistent advance carries price beyond the old high, the breakout
rule reacts to a clearly observable event.

In a prolonged trend with repeated new highs or lows, a breakout often
establishes and maintains a directional state effectively. In a choppy
market that repeatedly approaches and crosses recent range bound-
aries, it can suffer a sequence of failed entries and reversals.

Moving averages also struggle in choppy markets, but their failure
mode differs. Rather than being triggered by range violations, they
may repeatedly cross as price oscillates around the smoothed reference.
A crossover may become long after a short rally, then short after a mod-
est decline, even though neither move established a major new high or
low.

The two rule families therefore filter noise differently:

« A moving average filters noise by smoothing the price path.

« A breakout filters noise by requiring price to cross a historical
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threshold.

Neither approach is universally superior. Their usefulness depends on
whether the market’s directional movement is gradual, abrupt, persis-
tent, range-bound, or reversal-prone.

Identical Price Path, Different Trend-Rule Reactions

Moving-Average Crossover Breakout Channel

Price

Forecast state

1201

115 7

110 4

105 1

100 1

= Price
— Fast MA (5}
— Slow MA(15)

Lagged crossover entry

Price
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—=- Prior 12-day low

Breakout trigger

Long §

Long

Flat

Short

Forecast state

Flat

Short

20 30 40
Trading day

20 30 40 10

Trading day

10

3.3.9 Whipsaw Has Different Forms
Whipsaw is often used as a general label for losing trades generated by

a market that lacks a sustained trend. The term is useful, but it can
conceal important differences in how rules fail.
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For a moving-average crossover, whipsaw usually arises because the
fast and slow averages repeatedly cross. This requires sufficient al-
ternating price movement to change the relationship between the two
smoothed series. The market may remain within a fairly narrow range
while still generating multiple crossover events.

For a price-versus-average rule, whipsaw can occur even more read-
ily because the current price need only move from one side of the av-
erage to the other. The average itself may barely change. A short-
horizon price-versus-average rule can therefore flip direction repeat-
edly around a stable reference level.

For a breakout rule, whipsaw occurs when a price crosses a channel
boundary but fails to continue in that direction. The rule enters be-
cause the event looks meaningful: the market has exceeded its prior
range. If price soon returns inside the range and then crosses the op-
posite boundary, the strategy can incur a rapid reversal.

The distinction matters because the remedies differ.

A moving-average rule can be made less reactive by increasing smooth-
ing, widening the gap between fast and slow horizons, or adding a
buffer around the crossover point. A breakout rule can be made less re-
active by lengthening the channel, requiring a larger threshold breach,
using a confirmation period, or separating entry and exit horizons.

Each remedy reduces some false signals, but each also delays reaction
to genuine new trends. There is no parameter change that removes
whipsaw without cost. The design problem is to choose a response pro-
file that is coherent with the signal’s horizon and with the program’s
tolerance for turnover.

3.3.10 Buffers and Confirmation Rules

Both model families can incorporate a buffer to avoid acting on
marginal changes.

For a moving-average crossover, a proportional buffer can be written
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as
+Fnaes MAYY > (14 5) MAYY?,
Fz’,t = _FmaX7 MAZ(‘,ZZf) < (1 - b) MAZ(‘,JZS)v
F;;_1, otherwise,

where b > 0is a small buffer. The fast average must move meaningfully
above or below the slow average before the forecast changes.

For a breakout, the upper threshold can be expanded:
Py > (1+ b)Ui(’JtV)

for a long entry, with an analogous lower threshold for a short entry.

A confirmation rule requires the condition to hold for more than one
observation. For example, a long breakout may require price to close
above the prior channel for two consecutive trading days. This may
reduce the number of one-day false breakouts, but it necessarily enters
later into fast-moving trends.

Buffers and confirmation rules should be used sparingly. They are easy
to justify after observing a set of historical false signals, which makes
them especially vulnerable to hindsight bias. A parameter that im-
proves one noisy historical episode may simply shift the model’s weak-
ness to another period.

3.3.11 Turnover Profiles

The turnover generated by a rule depends on more than its nominal
horizon. It depends on the interaction between the rule’s entry geom-
etry and the realized price path.

A moving-average crossover can remain unchanged for long periods
during a smooth trend. Once the fast average is well above the slow av-
erage, modest daily price variation may have little immediate effect on
the directional state. However, when the averages are close together,
the same rule can reverse repeatedly.

A continuous price-versus-average forecast may change more often
than a binary crossover because its strength changes whenever the dis-
tance from the average changes. This does not necessarily imply more
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executed turnover; the final trade depends on the forecast-to-position
conversion. It does mean that the raw forecast path is more variable.

A breakout rule often produces a different pattern. It may remain un-
changed for extended periods inside a channel or during a sustained
trend. When the market approaches and repeatedly violates chan-
nel boundaries, however, turnover can arrive in concentrated bursts.
Such bursts frequently occur during volatile range-bound episodes,
precisely when the strategy’s directional conviction is least reliable.

This distinction has operational consequences. Two models can have
similar average annual turnover but very different turnover concentra-
tion:

« A moving-average model may generate smaller, more frequent
forecast adjustments.

» A breakout model may generate fewer changes in ordinary peri-
ods but abrupt reversals during turbulent range trading.

Average turnover alone is therefore insufficient. A robust implemen-
tation should examine the distribution of turnover through time, the
clustering of reversals, and the behavior of the rule during periods of
strained liquidity or large price gaps.

3.3.12 Persistent Trends and Threshold Convex-
ity

Breakout rules have a naturally threshold-like response to persistent

trends. Before price exceeds the channel, the model may be neutral or

retain its prior state. Once the threshold is crossed, it moves to a di-

rectional forecast. The relationship between a gradually strengthening
trend and the forecast is therefore nonlinear.

This behavior is sometimes described as an exposure form of convexity.
The model does not increase conviction smoothly from the first small
upward movement. It waits for a boundary event and then adopts a
directional state. In a persistent advance that repeatedly establishes
new highs, the breakout rule can remain long while allowing the trend
to continue.
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The term should be used carefully. A breakout rule does not guaran-
tee positive convex returns in every market environment. Its realized
payoff still depends on gaps, reversals, volatility, execution, and the
magnitude of adverse moves after entry. The useful observation is nar-
rower: the rule’s entry mechanism is nonlinear because a small move
just below the channel has no immediate effect, while a move just be-
yond the channel can trigger a full directional change.

Moving averages have a different response shape. A binary crossover
is also discontinuous at the crossing point, but the crossing itself is
generated by two smoothed series. A continuous price-versus-average
score can change more gradually as price moves away from the average.
This can provide smoother forecast evolution, but it may also begin in-
creasing long conviction before the market has demonstrated a decisive
range break.

Neither response profile is inherently preferable:

+ Breakouts emphasize confirmation through new extremes.

« Moving averages emphasize the evolving relationship between
current and smoothed price.

The distinction becomes valuable when the two are used as separate
candidates within a broader trend research program. Their differences
may provide useful diversification of signal behavior, provided that
the correlation of their forecasts and realized contributions is assessed
honestly.

3.3.13 Price-Level Sensitivity and Continuous-
Series Choices

Moving-average and breakout rules both use price levels rather than
only return sums. They are therefore particularly sensitive to how the
underlying continuous series is constructed.

A continuous futures series is a derived historical object, not a di-
rectly tradeable instrument. Its behavior near rolls depends on the
roll schedule and on the adjustment method used to remove or repre-
sent contract-to-contract discontinuities. Additive and multiplicative
adjustments can preserve different properties of the price history.
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This matters for price-level rules. An additive adjustment changes his-
torical price differences, while a multiplicative adjustment changes his-
torical price ratios. Either choice can alter a moving-average relation-
ship, the location of a channel boundary, or the date on which a thresh-
old is crossed.

The appropriate response is not to search for the series construction
that produces the most favorable result. It is to define the data method-
ology before evaluating the model and then test whether reasonable al-
ternative constructions preserve the signal’s broad behavior. If a break-
out exists only because of a particular adjustment convention near a
roll date, it is unlikely to represent durable directional information.

The same principle applies to the execution mapping. The signal may
be calculated on a continuous research series, but the trade must be im-
plemented in a currently eligible listed contract. The program should
document how a forecast calculated from the research series maps to
the instrument actually traded.

3.3.14 Comparing the Families

The following table summarizes the core implementation differences.

The comparison should not be reduced to a contest over which rule
has the highest historical performance. A more useful evaluation
asks whether each family contributes a distinct and understandable re-
sponse pattern.

For example, a moving-average model may be useful when the research
objective is to identify broad changes in price direction while allowing
the signal to respond before a new range extreme occurs. A breakout
model may be useful when the objective is to require a visible threshold
event before adopting a directional state.

The two can also be complementary. A moving-average forecast may
detect a developing recovery, while a breakout forecast remains neutral
until the recovery becomes strong enough to exceed its historical range.
If both subsequently align long, the agreement comes from different
mechanics rather than from identical calculations.

Complementarity should not be assumed merely because the formulas
differ. A 50-day moving-average rule and a 50-day breakout rule may
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Feature

Moving average

Breakout channel

Primary input relationship

Current price relative to a
smoothed reference, or fast
smoothing relative to slow
smoothing

Current price relative to a
prior high—low range

Entry geometry

Changes when price or
smoothed averages cross

Changes when price exceeds a
defined historical boundary

Nature of lag

Produced by smoothing and
the path of the averages

Produced by waiting for a
range violation and, where
used, confirmation rules

Typical trend entry

May enter during a gradual
recovery before a new range
high is reached

Often waits for a new high or
low, but can react promptly
once that threshold is crossed

Common whipsaw pattern

Repeated price—average or
fast—slow crossings around a
stable level

Failed range breaks followed
by reversals through the op-
posite channel

Forecast path

Can be smooth and continu-
ous when based on distance
from an average; binary
crossover is state-based

Naturally event-driven and
state-based; continuous ex-
tensions require additional
design

Turnover pattern

Often more gradual, with ele-
vated activity when averages
converge

Often quiet between channel
events, with potentially clus-
tered reversals near range
boundaries

Key parameter choices

Smoothing type, fast and
slow lengths, buffers, update
schedule

Entry length, exit Iength,
channel definition, threshold
buffer, confirmation rule

still be highly correlated if both react to the same persistent movements
at similar times. The relevant evidence is the dependence of their fore-
cast changes, their holdings over time, and their realized behavior in
different price environments.

3.3.15 Implementation Tests for Moving-Average
and Breakout Rules

Before either family is admitted into a production signal set, it should
be subjected to tests that focus on its specific mechanics.

For moving averages, the research process should examine:

« simple versus exponential smoothing;
« price-versus-average rules versus fast—slow crossovers;
« nearby fast and slow parameter pairs;

« the frequency and clustering of crossover events;
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« the effect of small buffers around the crossover threshold;

« sensitivity to continuous-series construction and roll treatment.
For breakout rules, the corresponding tests should examine:

» nearby channel lengths;

« equal versus asymmetric entry and exit horizons;

« direct reversal versus neutral exit policies;

« the effect of excluding or including confirmation rules;

+ the frequency of failed breakouts;

« the size and timing of adverse moves after a channel breach;

« sensitivity of channel events to roll and price-adjustment conven-
tions.

For both families, a researcher should inspect individual signal
episodes rather than relying only on aggregate statistics. A small
sample of entries, exits, reversals, and whipsaws can reveal whether
the coded rule matches the intended rule. It can also expose common
errors, such as including the current price in a breakout channel,
calculating a crossover before both averages have sufficient history, or
acting on data that were not available at the stated decision time.

Moving-average and breakout systems are valuable not because they
eliminate uncertainty, but because they make their assumptions vis-
ible. One smooths the past; the other waits for a boundary. Under-
standing that distinction is the foundation for deciding whether either
rule belongs beside the time-series momentum benchmark or whether
it merely repackages the same directional information.

3.4 Regression and Filter-Based Trend
Estimation

The preceding rule families transform price history into directional
states through explicit conditions: a trailing return is positive or neg-
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ative, one average lies above another, or price has crossed a channel
boundary. Regression and filter-based methods take a different ap-
proach. They treat trend as an unobserved or estimated statistical
quantity.

The central question becomes:

Given a noisy sequence of observed prices, what is the best
current estimate of the underlying directional movement,
and how certain is that estimate?

This framing is useful because market prices contain both persistent
movement and short-lived variation. A large one-day move can be
part of a genuine trend, an isolated event, a contract-roll artifact, a
temporary liquidity disruption, or a data problem. Rule-based signals
respond according to their stated conditions. Statistical estimators at-
tempt to separate the apparent directional component from the noise
surrounding it.

The benefit is not that regressions or filters discover a hidden “true”
trend with certainty. No estimator can do that. Their benefit is that
they make the uncertainty explicit. A fitted slope has an estimated
standard error. A state-space filter has an estimated state uncertainty.
These quantities allow a model to distinguish between a strong, stable
directional estimate and a weak estimate produced by a noisy or unsta-
ble sample.

3.4.1 Trend as a Fitted Slope

A natural starting point is a rolling regression of log price on time. Let
Yit = 1n(Pi,t)7

where P, ; is the signal price for market ¢ at time ¢. For a window of L
observations, estimate

Yijt—j :ai,t+6i,txj +€i,t—j7 j:O717"'7L_17
where z; is a time index and ¢; ;_; is the residual.

The estimated coefficient

Bit
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is the fitted slope of log price over the window. A positive slope in-
dicates that the fitted trend rises over the sample. A negative slope
indicates that it falls.

Using log prices is generally convenient because a slope in log-price
space has an approximate percentage-return interpretation. If the ob-
servations are daily and the fitted slope is

Bit = 0.0004,

then the fitted daily log-price change is approximately 0.04%. An an-
nualized interpretation can be formed as

Dann __ )
it - Dﬁi,tv

where D is the assumed number of trading days in a year. The annu-
alized quantity is useful for descriptive reporting, but it should not be
mistaken for a reliable annual return forecast. The fitted slope is an
estimate of recent directional movement, not a promise about the next
year.

For numerical stability and interpretability, the time index is often cen-
tered within each window. Let
. L-1
Tj=J— ——.
J J 9

Centering does not change the estimated slope, but it makes the inter-
cept correspond to the fitted log-price level near the midpoint of the
window and reduces unnecessary dependence between the estimated
intercept and slope.

The ordinary least-squares slope is

L—1 _ _
ijo (5 — Z)(Yirt—j — irt)

>0 (x5 — 7)?

Biw =

In arolling implementation, the window advances one observation at a
time. Each new estimate replaces the oldest observation with the latest
available price. As with rolling-return momentum, adjacent regression
windows overlap substantially when the model is updated daily. The re-
sulting slope estimates are therefore persistent and serially correlated
by design.
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3.4.2 Why a Slope Differs From a Trailing Return

A trailing return compares the price at two endpoints. A regression
slope uses all observations inside the window. This difference has im-
portant consequences.

Suppose a market begins and ends a six-month period at nearly the
same price. The trailing return is close to zero. A regression slope may
also be close to zero, but it will additionally reveal whether the market
followed a stable path or a highly erratic one.

Now consider two markets with the same six-month endpoint return
of +-8%:

+ The first rises gradually with relatively small interruptions.

+ The second falls sharply, recovers sharply, and finishes at the
same +8% endpoint.

The trailing return treats both observations identically. A regression
fit generally assigns greater directional confidence to the first path be-
cause a straight line describes it more effectively. The second path
may have the same endpoint movement but a larger residual variation
around the fitted line.

This is the first important insight of regression-based trend estimation:
trend strength # endpoint return alone.

A directional move can be strong because it is large, because it is persis-
tent, because it is unusually orderly relative to recent noise, or because
it combines all three properties.

3.4.3 Slope Magnitude and Slope Confidence

The sign of @t supplies direction. Its magnitude supplies one measure
of trend strength. However, slope magnitude without an uncertainty
measure can be misleading.

A slope of 0.05% per day may be highly meaningful for a quiet market
but unremarkable for a volatile market. Likewise, a fitted upward slope
can arise from a few large observations rather than from a persistent
directional path.
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The standard error of the estimated slope is

R 2.,
SE ﬁl = - ’

where 62, , is the estimated residual variance.

A useful standardized slope statistic is

B
SE(3;..)

The quantity 7; ; resembles a regression ¢-statistic. A large positive
value indicates a positive fitted slope that is large relative to the resid-
ual noise in the sample. A large negative value indicates the analogous
downward case. A value near zero indicates that the fitted slope is weak
relative to the uncertainty around it.

it

For trend forecasting, this statistic should not be interpreted mechan-
ically as a conventional hypothesis-test result. Rolling windows over-
lap, residuals may be serially correlated, and market data often violate
the ideal assumptions of textbook regression. Its value lies in its role
as a signal-quality measure: slope confidence = estimated directional
movement divided by estimated noise around that movement.

This distinction is practically useful. A model can report lower con-
viction when prices move upward but do so in a highly unstable and
noisy fashion. It can report higher conviction when the fitted slope is
persistent and the deviations around the fitted trend are comparatively
small.

A raw regression forecast can therefore be based on either the slope
itself,
. ~

L3P = Bi,
or a confidence-adjusted quantity,

LY =Tig.
The first emphasizes the estimated rate of movement. The second em-
phasizes the strength of that movement relative to local noise. Both
are legitimate raw model outputs. Their conversion into standardized
forecast points remains a separate engineering step.
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3.4.4 Window Length and the Shape of the Fitted
Trend

The rolling window length L controls the horizon of a regression trend
estimator in much the same way that it controls a trailing-return signal.
A short window fits recent movement closely and changes direction
quickly. A long window produces a more stable estimate but is slower
to recognize a reversal.

The regression framework adds an additional intuition: the window
determines the historical interval over which the model assumes that
one approximately linear directional relationship is meaningful.

A 20-day regression asks whether prices have followed an approxi-
mately linear rise or decline over the last month. A 252-day regression
asks the same question over approximately one year. The latter is a
much stronger structural assumption. Markets often contain substan-
tial subtrends, consolidations, and reversals within a year, so a single
fitted line can obscure important changes near the end of the sample.

This does not make long windows inappropriate. It means that long-
window slopes should be interpreted as slow-moving trend estimates
rather than current tactical signals.

The window also affects the responsiveness of confidence estimates. In
a short window, a recent price shock can materially alter both the slope
and the residual variance. In a long window, the same shock may have
limited immediate influence because it represents a small fraction of
the sample.

A sensible research process examines windows as horizon families
rather than as isolated parameter values. For example, a program
might test short regression windows near one to three months,
medium windows near six months, and slow windows near one year.
The aim is to understand how the estimator behaves at distinct speeds,
not to identify a single historically favored length.
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3.4.5 Endpoint Sensitivity and Recent-
Observation Weighting

Ordinary least squares gives each observation equal weight in the ob-
jective function. This is not always the desired behavior. In a rolling
window, the most recent data may be more relevant to the current di-
rectional state than observations near the beginning of the window.

A weighted regression can place greater emphasis on recent observa-

tions:
L-1

min y  w; (yie—j —a - Ba;)*,

o =

where w; declines as observations become older.

Exponential weights are one common choice:
w; = (1 -\, 0<A< 1.

Alarger )\ assigns more relative importance to recent prices. This can
reduce the effective lag of a slope estimator, but it also makes the esti-
mate more sensitive to short-lived moves.

Weighted regression is conceptually close to exponential smoothing,
but it retains the regression interpretation of a fitted directional slope
and residual uncertainty. It is therefore useful when the research ob-
jective is to estimate a current trend rate while allowing recent obser-
vations to matter more.

The cost is additional model flexibility. The window length and the
weighting decay jointly determine the effective horizon. A long nom-
inal window with aggressive exponential weighting can behave like a
much shorter model. The effective responsiveness should be measured
directly rather than inferred from the nominal parameter names.

3.4.6 Heteroskedastic Noise and Volatility
Regimes
Financial price data are heteroskedastic: their variability changes over

time. A calm period and a crisis period should not be treated as equally
noisy merely because they contain the same number of observations.
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In ordinary least squares, the standard error formula assumes a sim-
plified residual structure. In practice, residuals may exhibit chang-
ing variance, serial dependence, and occasional extreme observations.
These features affect confidence estimates more than they affect the
fitted slope itself.

There are several ways to address this issue:

« estimate the slope on a shorter or more responsive window so
that the residual scale reflects recent behavior;

« use weighted least squares when the model can specify observa-
tion weights based on estimated reliability;

« use heteroskedasticity-robust standard-error estimates for diag-
nostic purposes;

« standardize the raw slope by a local measure of price variability
before mapping it into forecast space;

« allow a state-space filter to vary its observation-noise estimate
over time.

These approaches serve different purposes. Robust standard errors
improve the interpretation of slope uncertainty. Local variability ad-
justments improve comparability of raw signals. Time-varying obser-
vation noise changes the behavior of a recursive filter. They should not
be treated as interchangeable.

A common mistake is to infer that a high-volatility market necessarily
has a weak trend. Volatility and trend strength are separate properties.
A market can move sharply and persistently in one direction, produc-
ing both high volatility and strong directional evidence. Conversely, a
quiet market can drift without sufficient consistency to justify a confi-
dent forecast.

The relevant question is not whether the market is volatile. It is
whether the estimated directional movement is large and stable rela-
tive to the uncertainty surrounding that estimate.
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3.4.7 Outliers and Robust Regression

A least-squares regression squares residuals. This gives large price
shocks disproportionate influence. A single extreme observation can
materially change the fitted slope, especially in a short window or near
the end of the sample.

Some extreme moves are genuine market information and should not
automatically be removed. Others may result from bad data, a misap-
plied adjustment, an incorrect contract roll, or an illiquid settlement.
The first line of defense is data validation. A robust statistical method
should not be used as an excuse to leave obvious data errors unre-
solved.

Once the data are validated, robust regression can reduce sensitivity to
legitimate but unusual observations. A robust estimator replaces the
squared-residual objective with a loss function that grows less rapidly
for large residuals:

L-1
min Y p(yie—j - = ;).
5=

where p(+) is chosen to reduce the influence of unusually large residu-
als.

Robust methods are useful when the objective is to estimate the central
directional path rather than to let a single event dominate the fitted
slope. Their limitation is equally important: a true market discontinu-
ity may represent the beginning of a new regime. Excessive robustness
can cause the model to discount precisely the information that matters
most.

A practical design should therefore distinguish among three cases:
« Data error: correct or exclude it under predeclared data-quality
rules.

« Temporary market disturbance: consider whether a robust
estimator should limit its effect.

+ Economically meaningful repricing: allow the model to re-
spond, while recognizing that confidence may initially be low be-
cause the new path has limited history.
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3.4.8 From Rolling Fits to Latent-State Filters

Rolling regressions estimate a trend separately in each window. A
state-space filter takes a different view. It assumes that the observed
price is generated by an underlying, unobserved state that evolves over
time.

The observed price is noisy, but the latent state contains the model’s
estimate of level and direction.

A simple local-linear-trend specification is
Yo = pt + €,

where y; is the observed log price, 1 is the latent log-price level, and
¢; 1s observation noise.

The latent level evolves according to
pt = p—1 + Br—1 + ne,
where 3, is the latent trend slope and 7, is a level innovation.
The slope itself can evolve gradually:
Bt = Br—1 + G-
In this system,

¢ ~ (OaR)v e ~ (Oqu), Ct ~ (07Q5)7

where R, Q,, and Qs govern the model’s view of observation noise,
level instability, and trend instability.

The interpretation is intuitive:
« Alarge R says that observed prices are noisy relative to the latent

trend. The filter should be cautious about reacting to each new
price.

- Alarge 5 says that the underlying slope can change quickly. The
filter should adapt more rapidly to reversals.

A small Qs says that the slope is persistent. The filter should
produce a smoother, slower-moving trend estimate.
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3.4. REGRESSION AND FILTER-BASED TREND ESTIMATION

The model therefore makes its smoothing assumptions explicit. In-
stead of selecting a moving-average length or a regression window, the
researcher selects assumptions about how quickly the latent trend is
allowed to evolve relative to the noise in observed prices.

3.4.9 Filtering Is a Sequential Process

A filter updates its estimate as each new observation arrives. At time ¢,
it has a prior estimate based on information through ¢ — 1, observes the
new price, and forms an updated estimate using information available
att.

The update can be represented schematically as: updated state = prior
state + gain x new information.

The new information is the innovation:
Ut = Yt — @\t\tfla
where 7;;_; is the model’s one-step-ahead predicted log price.

If the observed price is close to the prediction, the innovation is small
and the latent trend estimate changes little. If the observed price dif-
fers substantially from the prediction, the filter must decide whether
the movement is likely to be noise or evidence that the underlying state
has changed.

That decision is governed by the filter gain. A high gain places more
weight on the new observation. A low gain places more weight on the
previous estimate.

The essential trade-off is the same as in all trend models: responsive-
ness versus stability.

The state-space formulation makes the trade-off explicit in terms of
estimated noise and state evolution rather than in terms of a fixed look-
back length.

3.4.10 Filtered Trend Slope as a Forecast Input
In a local-linear-trend model, the filtered slope estimate
Bﬂt
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CHAPTER 3. DESIGNING ROBUST TREND SIGNALS

is a natural raw directional signal. Its sign determines the estimated
trend direction:

Bﬂt >0 = positive directional estimate,

Bﬂt <0 = negative directional estimate.

The filter also produces an estimate of uncertainty around the state.
Let

Var(ﬁt“)

denote the estimated variance of the filtered slope. A confidence-aware
raw signal can then take the form

Itfilte’r _ B\tﬁ/\ )
\/Var(ﬁt‘t)

This has the same broad interpretation as a confidence-adjusted regres-
sion slope: a directional estimate receives greater weight when it is
large relative to its estimated uncertainty.

The important distinction is that a rolling regression measures uncer-
tainty from the residual behavior inside a fixed historical window. A
state-space filter measures uncertainty as part of an evolving estimate.
When a sharp new move occurs, the filtered slope may change and its
uncertainty may rise simultaneously. The model can therefore recog-
nize that the direction has changed while acknowledging that the new
estimate has not yet been confirmed by much subsequent data.

3.4.11 Filtering Versus Smoothing

The terms filtering and smoothing have a specific meaning in state-
space analysis.

A filtered estimate at time ¢ uses only data available through time ¢:
B¢~ A smoothed estimate of the state at time ¢ may use data from later

dates: Bt\T’ T > t.

Smoothed estimates are valuable for historical analysis because they
provide a refined estimate of what the latent trend may have been after
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3.4. REGRESSION AND FILTER-BASED TREND ESTIMATION

observing the entire sample. They are not valid as live trading signals
if they use future information.

This distinction is critical in backtesting. A trend estimator can look ex-
ceptionally clean when plotted as a smoothed state because later prices
help explain earlier moves. A production forecast must instead use the
filtered estimate that would have been available at the decision time.

Any research implementation should label these outputs clearly and
prevent a smoothed state from entering a signal-generation process.
The issue is not a minor technical detail; it is a direct form of look-
ahead bias.

3.4.12 Comparison of Estimator Families

The following table summarizes the principal differences among the
trend estimators developed so far.

Table 3.6: Comparison of rule-based, regression, and filter-based
trend estimators

Estimator family Primary directional ob- Distinctive property
ject
Trailing-return momentum Cumulative own-past return Direct and transparent end-

point comparison; strength
depends on the selected re-
turn window.

Moving averages Price distance from a  Uses smoothing to reduce
smoothed reference or differ-  sensitivity to individual ob-
ence between smoothers servations; response depends

on the path of the averages.

Breakouts Price crossing of a prior high  Uses threshold events rather
or low channel than gradual smoothing;

naturally state-based and
confirmation-oriented.
Rolling regression Fitted slope and residual un-  Uses all observations in the
certainty over a fixed window  window to estimate direction
and assess how orderly the fit-

ted path is.
State-space filter Latent level and slope up- Treats trend as an evolving
dated sequentially hidden state and produces an

explicit uncertainty estimate
at each decision time.

The statistical methods are not automatically superior to simpler rules.
They introduce assumptions that can be wrong. A rolling linear re-
gression assumes that a straight line is a useful local approximation.
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Alocal-linear-trend filter assumes that price can be represented by an
evolving level and slope plus noise. These assumptions may fail during
jumps, abrupt regime shifts, or strongly nonlinear price paths.

Their value lies in the additional information they make available: fit-
ted direction, residual variation, estimated uncertainty, and a princi-
pled mechanism for balancing old and new observations.

3.4.13 When Should a Statistical Estimator
Lower Conviction?

A useful trend estimator should not always express maximum direc-
tional conviction merely because its slope is positive or negative. Sta-
tistical estimation provides several reasons to reduce conviction.

« The fitted slope is close to zero. The estimated direction is
weak even if its sign is technically positive or negative.

+ Residual variation is large. Prices may have moved in the es-
timated direction overall, but the path may be erratic and poorly
described by a stable trend.

+ The estimate has recently reversed. A new slope direction
may be plausible but uncertain because limited confirming data
are available.

« The model’s uncertainty estimate has risen. A filter may
infer that the current state is less certain after an unusual obser-
vation or a period of unstable movement.

« The signal depends on a small number of influential ob-
servations. A trend that disappears after removing one or two
extreme points should be treated cautiously.

This is not a recommendation to suppress all forecasts during difficult
periods. Trend models must sometimes act before certainty is avail-
able. Rather, it is a recommendation to let forecast strength reflect
the quality of the estimate rather than treating every positive slope as
equally informative.
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The later normalization framework converts heterogeneous raw model
outputs into a common bounded scale. The present objective is nar-
rower: regression and filter-based models should preserve their own
information about direction and confidence before that common trans-
formation is applied.

3.4.14 Implementation and Robustness Checks

Regression and filter-based estimators require more diagnostics than
a basic trailing-return rule. At minimum, the research process should
test the following.

3.4.15 Parameter Stability

For rolling regressions, vary the window length and, where relevant,
the recency-weighting scheme. For filters, vary the state-noise and
observation-noise assumptions over a sensible range.

The goal is not to find the single parameter set with the strongest his-
torical result. It is to determine whether the estimator’s directional
behavior remains recognizable under nearby assumptions. If a small
change in Q, R, or the regression window produces a completely dif-
ferent strategy, the model may be too finely tuned for reliable use.

3.4.16 Residual Diagnostics

For regression models, inspect residuals rather than focusing only on
the slope estimate. Useful questions include:

« Are residuals dominated by a small number of extreme observa-
tions?

+ Does the residual variance change substantially across the sam-
ple?

« Are residuals strongly autocorrelated, indicating that the fitted
line misses persistent structure?
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+ Does a positive slope arise from a broadly rising path or from a
few endpoint observations?

These diagnostics do not need to satisfy ideal textbook assumptions
perfectly. Financial price series rarely do. They are intended to reveal
whether the model’s confidence measure is being interpreted sensibly.

3.4.17 Innovation Diagnostics for Filters
For state-space filters, examine the innovation sequence

Ut = Yt — Ytjt—1-

Persistent positive innovations suggest that the filter is systematically
too slow to recognize an upward move. Persistent negative innovations
suggest the corresponding downward problem. Innovations that are
frequently much larger than the assumed observation noise indicate
that the model’s noise specification may be unrealistic.

A filter that repeatedly underreacts can appear stable while missing a
large portion of important directional moves. A filter that overreacts
can appear responsive while simply reproducing noisy price variation.
Innovation analysis helps distinguish these cases.

3.4.18 Outlier and Data-Revision Tests

The estimator should be tested under controlled perturbations:

« remove or replace a known erroneous price observation;
« introduce a plausible one-day extreme move;

« revise a historical settlement within the range of normal vendor
corrections;

o alter a roll-date observation under a reasonable alternative
continuous-series convention.

The purpose is to determine whether the model fails gracefully. A ro-
bust trend estimator may change its forecast after a meaningful price

196



3.4. REGRESSION AND FILTER-BASED TREND ESTIMATION

revision, but it should not become permanently distorted because of
one incorrect observation.

3.4.19 Warm-Up and Missing-Data Rules

A rolling regression requires a sufficient number of valid observations
before the first slope can be estimated. A state-space filter requires an
initial state and an initial uncertainty estimate. These warm-up choices
affect early-sample behavior and should be documented.

Missing observations require explicit handling. A program may carry
forward a state estimate without updating it, treat the forecast as un-
available, or apply a predeclared missing-data procedure. The correct
choice depends on the market and data issue, but silently substituting
a price or resetting the state can create artificial signal changes.

3.4.20 Choosing Between Regression and Filters

Arolling regression is often the better starting point when interpretabil-
ity is the priority. The fitted line, slope, residuals, and window are easy
to inspect. It is straightforward to explain why the signal is positive,
negative, strong, or weak.

A state-space filter is useful when the research objective requires an
explicitly evolving estimate of trend and uncertainty. It can adapt its
response as observations arrive and can distinguish between noise in
the observation and instability in the underlying trend state. The cost
is greater model complexity and more assumptions that require valida-
tion.

The decision should be guided by the incremental value of the estima-
tor. A filter should not be adopted merely because it is mathematically
sophisticated. It should earn its place by producing a more stable, in-
terpretable, or genuinely distinct trend estimate than the simpler alter-
natives already available.

Regression and filter-based methods extend the trend toolkit by turn-
ing directional inference into an estimation problem. They provide a
language for discussing not only whether a market appears to be rising
or falling, but also how precisely that judgment is supported by the
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observed price path.

3.5 Signal Scaling, Capping, and Normal-
ization

The preceding sections produced raw directional estimates from sev-
eral model families. A trailing return may be measured in percentage
terms, a moving-average rule may produce a price distance, a breakout
may produce a channel breach, and a regression or filter may produce
a slope, a standardized slope, or an estimated latent state. These quan-
tities may all contain useful directional information, but they are not
directly comparable.

A raw score of +3 has no universal meaning. It could represent a 3%
trailing return, a three-standard-error regression slope, a three-point
moving-average spread, or a price that is three units above a breakout
channel. Without a common transformation, combining such outputs
would allow their units of measurement to determine their influence.

Normalization is the engineering process that converts a model-
specific raw score into a common forecast representation. Its purpose
is not to improve the underlying directional model after the fact. Its
purpose is to ensure that a given forecast magnitude has a consistent
interpretation regardless of the market, trend horizon, or estimator
that produced it.

Forecast normalization determines how strongly a model expresses
directional conviction. Position sizing determines how much capital
or risk is assigned to that conviction.

Dividing a raw signal by a measure of its own variability can look su-
perficially similar to volatility-based exposure sizing. The two oper-
ations have different roles. Signal normalization asks whether a di-
rectional observation is large relative to the normal variation of that
signal. Exposure sizing asks how much risk should be taken in the
tradableinstrument. The first belongs in the forecast layer; the second
belongs downstream.
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3.5.1 The Normalization Problem

Let

A
denote the raw output of model m, for market 4, at time ¢, and horizon
h. The raw quantity may be a return, a slope, a channel distance, or a
model-specific score. The objective is to transform it into a standard-
ized forecast

Fytn?h) € [*Fmazv +Fmaz]‘
A useful general representation is

Fi(,Th = ma:z:¢( ( mh)>)7

where:

« N(-)isanormalization procedure that converts the raw score into
a comparable standardized quantity; and

» ¢(-) is a bounded saturation function that limits extreme convic-
tion.

The transformation should preserve the sign of valid directional evi-
dence:
AT S0 = EIY >0,

3

and
A(m M<o = FETM <o

It should also be monotonic: stronger positive raw evidence should
not produce a smaller positive forecast, and stronger negative evidence
should not produce a smaller negative forecast.

The difficult question is not whether to normalize. It is what the nor-
malization should mean.

A forecast of +10 represents a similar degree of positive directional
conviction whether it comes from a short-horizon equity-index signal,
a medium-horizon currency signal, a long-horizon commodity signal,
or a regression-based estimate.
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This is an objective of semantic consistency, not a claim that all fore-
casts have identical expected returns. A +10 forecast in an agricultural
market does not imply the same future return distribution as a +10
forecast in a short-term rate market. It means that both models have
expressed an equivalent degree of conviction within the program’s cho-
sen forecast language.

3.5.2 Local-Scale Adjustment

The first normalization problem is local scale. Raw directional mea-
sures can vary greatly because markets differ in ordinary price variabil-
ity and because model outputs use different units.

Consider two six-month trailing returns:
Al,t = +4%, A2,t = +4%

If the first market typically moves only 0.3% per day while the second
commonly moves 2.0% per day, the same trailing return need not rep-
resent the same degree of unusual directional movement. The return
may be substantial relative to the first market’s normal variation and
modest relative to the second’s.

A generic local-scale adjustment is

(m,h)
(m,h) Ai,t

it = ~(m,h) "’
Sit

u

where
5 >0
is a scale estimate appropriate to the raw signal.

The denominator must match the units and construction of the numer-
ator. There is no single volatility estimate that should be applied me-
chanically to every model.

Examples of model-consistent local-scale adjustments follow.

For a trailing-return signal, a common approximation is

(L)
return _ Rivt

U =
ot (Afz',t\/z7
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Table 3.7: Examples of model-consistent local-scale adjustments

Raw model output

Potential Iocal scale

Interpretation after ad-
justment

Trailing return over L days

Price-minus-moving-average
distance

Breakout-channel distance

Regression slope

Filtered latent slope

Estimated return volatility
over a comparable horizon

Local variability of the price—
average spread or a compara-
ble price-range measure
Local channel width or
another predeclared range-
based scale

Standard error of the fitted
slope

Estimated uncertainty of the
filtered slope state

Cumulative return relative to
the movement normally ex-
pected over that horizon
Distance from the smoothed
reference relative to the usual
variation of that distance
Magnitude of the channel
breach relative to the mar-
ket’s recent trading range
Directional slope relative to
estimation uncertainty
Estimated direction relative
to the filter’s current state un-

certainty

where R( + isthe L-period return and 7; , is an estimate of daily return
volatlhty The denominator approximates the expected scale of an L-
period move if daily variation were independent and stable.

The approximation should be treated with care. Daily returns are nei-
ther perfectly independent nor stable, particularly during stressed peri-
ods. The formula is still useful as a first-order transformation because
it changes the question from

How large was the trailing return?
to

How large was the trailing return relative to this market’s recent vari-
ability?

For a regression model, the analogous quantity may already be avail-
able in the form of a slope ¢-statistic:

reg __ ﬂi,t

Yt T SE(B)

Applying a second identical uncertainty adjustment to such a statis-
tic would be redundant. This illustrates a general rule: normalization
must begin with an inventory of what the raw score already represents.
A score that is already standardized by its own estimation uncertainty
should not be treated as though it were an unscaled price difference.
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3.5.3 Signal Normalization Is Not Exposure
Volatility Targeting

Local-scale adjustment and position-risk scaling can both involve a
volatility estimate, but they answer different questions.

Suppose a model observes a positive 12-month return in two markets.
Dividing each return by an estimate of its own historical variability pro-
duces comparable raw evidence. It helps determine whether the two
observations should translate into similar forecast magnitudes.

Later, a position-sizing process may divide the final exposure by the
expected volatility of the traded instrument. That process determines
how many contracts or how much risk is required for the desired expo-
sure to contribute appropriately to the overall program.

The distinction can be written schematically:

risk sizing

forecast normalization - ops
——————— forecast conviction ———— target position.

raw directional evidence

Using the same volatility estimate in both locations without under-
standing its purpose can lead to accidental double scaling. Conversely,
omitting local-scale adjustment because the program already applies
position-risk scaling leaves raw forecast magnitudes incomparable.

The forecast layer should answer, How unusual and convincing is
the directional evidence? The sizing layer should answer, How much
instrument-level risk should correspond to that conviction?

3.5.4 Choosing a Scale Estimator

The scale estimate /sz’h) should be positive, available at the decision

time, and resistant to isolated data problems. Several choices are com-
mon.
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3.5.5 Rolling Standard Deviation

For a raw score series A; ;, a rolling standard deviation is

. 1 o
Sit =AW _1 Z (Aiiy— Aiy)”

j=1

This is easy to calculate and easy to explain. Its limitation is that a few
extreme observations can materially increase the estimated scale. If
an extreme score is caused by a data error, the error can affect both the
numerator and the denominator.

3.5.6 Exponentially Weighted Scale

An exponentially weighted estimator emphasizes recent observations.
A generic variance recursion is

§12,t = )‘:9\12,1‘,—1 + (1 =) (Aj—1 — ﬁi,t—1)2 ,
where 0 < )\ < 1.

Ahigh X produces a stable estimate that changes slowly. Alow \ adapts
more rapidly to a new variability regime. The trade-off resembles the
one faced in trend estimation: faster adaptation recognizes new condi-
tions sooner but is more sensitive to temporary disturbances.

3.5.7 Robust Scale Measures

A robust alternative uses the median and median absolute deviation:
MAD,; ; = median (|A; ;—; — median(4,; ;—;)|) .

A scaled version of the median absolute deviation can estimate disper-
sion while reducing the influence of unusually large observations.

Robust scale estimates are often helpful when raw model scores have
heavy tails or when occasional extreme market moves should not per-
manently inflate the denominator. They should not, however, be used
to hide a genuine shift in the variability of a signal. A robust estimator
that remains anchored to an old quiet regime can cause the model to
overstate conviction after market variability has changed materially.
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3.5.8 Distributional Normalization

Local-scale adjustment removes units and accounts for ordinary sig-
nal variation, but it may not make score distributions comparable. A
standardized trailing return, a regression ¢-statistic, and a breakout-
distance measure can still have different means, variances, skewness,
and tail behavior.

Distributional normalization addresses this second problem.

(m,h

Let u; ) denote a locally scaled raw score. A conventional rolling z-

score is
(m,h)  ~(m,h)
L(moh) _ Uip — — My
it - ~(m,h)
u,t,t

The rolling mean and standard deviation should be estimated using
only observations available before time ¢. The transformed score de-
scribes how far the current locally scaled value lies from its own recent
historical center.

A z-score is useful because it gives a common interpretation to diverse
inputs:

z=0
means typical relative to recent history,
z=++1
means moderately positive relative to recent history, and
z=-2

means unusually negative relative to recent history.

The normal-distribution interpretation should not be taken literally.
Trend-signal distributions are often asymmetric, serially dependent,
and heavy-tailed. The z-score is a standardization device, not a dec-
laration that the raw score follows a Gaussian distribution.
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3.5.9 Robust Centering and Scaling

When raw score distributions contain outliers, robust centering may
be preferable:

Uit — InEEdiaI'l(’U,i’t,]/[/7 . ,Ui’tfl)
C- MAD(ui,t_W, ce ,ui,t_l) ’

robust __
Zit =

where cis a constant chosen to place the robust scale on a broadly com-
parable basis with standard deviation under a reference distribution.

The advantage is reduced sensitivity to isolated extreme values. The
limitation is slower recognition of a persistent distributional change.
As with all normalization choices, the appropriate method depends on
whether the program places greater weight on robustness to outliers or
rapid adaptation to new signal behavior.

3.5.10 Percentile and Rank Mapping

A percentile transformation avoids assigning special importance to the
numerical distance between extreme observations. Let

~

Gi,t(u)

be an empirical cumulative distribution function estimated from prior
values of the locally scaled signal. Then the percentile score is

~

pit = Gi(uiz)-
A centered percentile score can be written as
git = 2pi — 1,

which lies approximately in [—1, +1].

A score near +1 indicates that the current signal is near the upper end
of its own historical distribution. A score near —1 indicates the reverse.

Percentile mapping is especially useful when the raw distribution is
heavy-tailed or when a few extreme values should not dominate fore-
cast magnitude. It deliberately discards information about whether
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one extreme observation is twice as large as another. That can be de-
sirable when tail magnitudes are unreliable, but undesirable when the
magnitude of a large trend contains meaningful information.

A percentile transformation should usually be applied within each
market—model-horizon series, rather than cross-sectionally across
markets on a given date. Cross-sectional ranking answers a different
question: which markets have the strongest signals relative to one an-
other today? The present objective is to assess the strength of each
market’s evidence relative to its own signal distribution and then ex-
press that strength on a common scale.

3.5.11 Lookback Choice for the Normalizer

Normalization windows introduce their own horizons. A short normal-
izer adapts quickly to recent signal behavior, while a long normalizer
provides a more stable reference distribution.

This choice deserves the same care as a trend lookback. If the normal-
ization window is too short, a sequence of large directional observa-
tions can quickly become “normal” in the transformed score, reduc-
ing forecast magnitude during a persistent trend. If it is too long, the
normalizer may remain anchored to an outdated volatility regime and
produce excessive conviction when current variability has changed.

There is no universal solution, but several principles are useful:
« The normalizer should generally adapt more slowly than the

short-lived noise it is intended to measure.

« Its effective horizon should be documented independently from
the trend horizon.

+ The same observation should not be used to estimate a normal-
ization distribution and then be treated as though it were fully
out of sample relative to that distribution.

« Expanding-window estimates are stable but can become stale;
rolling-window estimates adapt but can be more variable.

+ The effect of normalization-window changes should be examined
separately from changes in the underlying trend model.
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A trend estimator and its normalizer form a joint system. A 20-day
momentum signal with a 20-day normalizer behaves differently from
the same signal with a two-year normalizer. The first is highly adaptive
in both its directional estimate and its scale reference. The second is
fast in direction but anchored to a slower historical distribution.

3.5.12 Capping Forecasts

Even after local-scale and distributional normalization, raw standard-
ized scores can become extreme. A rare price move, a sudden volatility
collapse in the denominator, or an estimation failure can produce a
value far outside the usual range.

An uncapped mapping would allow a small number of observations to
dominate all other forecasts. This is rarely desirable. The raw score
may be economically meaningful, but its estimated magnitude is usu-
ally less reliable in the tails than near the center of the distribution.

A hard cap is the simplest control:
Fi,t = min |:Fm,ar; max (*Fmax; ﬁi,t>:| 5

where E’t is the pre-cap forecast.

For example, if F,,,,, = 20,

Fi,t = +27

is recorded as
F;y = +20.

The cap has a clear interpretation: no individual market—model-
horizon component is permitted to express more than maximum con-
viction, regardless of the raw score.

Hard caps are easy to audit, but they create a discontinuity. A fore-
cast of +19.9 and one of +35 are treated differently before the cap and
identically afterward. If a large fraction of observations accumulates
at the cap, the system loses information about relative strength among
extreme signals.
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The appropriate response is not necessarily to raise the cap. A high
cap may simply move the concentration problem farther into the tails.
Instead, the researcher should examine whether the normalization is
producing implausibly large values and whether a smoother saturation
function is more suitable.

3.5.13 Smooth Saturation Functions

A saturation function compresses large standardized scores gradually
rather than truncating them abruptly. One common choice is the hy-
perbolic tangent:

F; i = Fpay tanh (z”> ,
C

where ¢ > 0 controls how quickly the forecast approaches its maxi-
mum.

The function has several useful properties:
tanh(0) = 0, tanh(—z) = —tanh(z),

and
lim tanh(z) = 1.

Tr—r0o0
Thus, the mapping is sign-preserving, symmetric, continuous, and
bounded. Moderate values of z remain approximately proportional
to the raw standardized score, while extreme values are progressively
compressed.

For small z,
tanh (z) ~Z.

c

For large |z|, the incremental effect of an additional increase in |z| be-
comes small. This reflects a sensible forecasting principle: once evi-
dence is already unusually strong, the model may deserve higher con-
viction, but it should not express unlimited confidence merely because
the observed score becomes more extreme.

An alternative is a clipped linear mapping;:
Fi,t == Chp (kzi,ta 7F7na.’x7 +Fmar) )

where k determines the forecast response near zero.
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The clipped linear form is easier to explain. The hyperbolic tangent
is smoother near the cap. Neither is universally superior. The choice
should be based on the desired relationship between standardized evi-
dence and forecast conviction.

Table 3.8: Forecast capping and saturation methods

Method Ilustrative mapping Main trade-off
Hard cap F = Fully transparent and easy to
clip(F, —Fmaa, +Fmaz) monitor, but creates a discon-
tinuity at the cap.
Clipped linear mapping F = Retains proportionality near
clip(kz, = Fmax, +Fmaz) zero and remains simple, but
can accumulate observations
at the boundary.
Hyperbolic tangent F = Fpaq tanh(z/c) Smoothly compresses tails

and never exceeds the bound,
but introduces a curvature
parameter.

Percentile mapping with cap F = Fpax(2p—1) Naturally bounded and ro-
bust to heavy tails, but dis-
cards information about dis-
tances between extreme ob-
servations.

3.5.14 Forecast Stabilization

A properly normalized forecast can still change too abruptly. Abrupt
movement may arise because the underlying trend estimate changes,
but it can also arise because the normalization denominator shifts, a
percentile boundary is crossed, or a small raw-score change is ampli-
fied near a decision threshold.

Forecast stabilization controls the path of the forecast after normaliza-
tion. Its purpose is not to conceal genuine reversals. Its purpose is
to avoid unnecessary jumps caused by measurement noise or unstable
transformations.

A basic smoothing rule is
ot = pE + (1= p)FYEY,

where 0 < p < 1.

Alarge p produces a smoother forecast that changes gradually. A small
p follows the newly normalized score more closely.
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This type of persistence control adds lag. That is unavoidable. A stabi-
lized forecast cannot respond instantly and remain smooth at the same
time. The design question is whether the smoothing horizon is appro-
priate for the model’s intended speed.

A second approach is a rate limit:

(2

Fly=F/i_ +clip (F/{" — F[i_,,—A,+A)

where A is the maximum permitted forecast-point change in one up-
date.

For example, if A = 4, a forecast cannot move from —15 to +15 in one
step even if the raw normalized score changes abruptly. It must pass
through intermediate conviction levels.

Rate limits are operationally attractive because they place an explicit
upper bound on forecast turnover. Their weakness is that they may
delay response during a genuine discontinuity or rapid trend reversal.
They should therefore be applied only after examining whether the un-
derlying raw-signal jump is a data issue, a normalization artifact, or
economically meaningful information.

A third approach is a neutral band or hysteresis rule. The model
changes state only after the raw standardized score crosses a positive
or negative threshold. This can reduce oscillation near zero, but it in-
troduces discontinuities and can leave the forecast unchanged when
evidence is gradually weakening.

Table 3.9: Forecast stabilization methods

Method Primary purpose Cost

Exponential forecast smooth- — Reduces day-to-day variation ~ Adds gradual lag to both en-

ing in continuous forecasts tries and reversals

Rate limit Limits the maximum  Can underreact to abrupt,
forecast-point change per  genuine directional shifts
update

Neutral band Prevents small values near  Introduces a threshold and
zero from generating re- may delay re-entry after a re-
peated directional changes versal

Hysteresis Uses different thresholds for ~ Reduces  oscillation  but

increasing and reducing con-
viction

makes the rule more path
dependent

Stabilization should be applied in standardized forecast units, not in
raw units. A one-unit change in a regression slope is not comparable
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with a one-unit change in a channel distance. A one-point change on
the common forecast scale is comparable by design.

3.5.15 Order of Operations

The order of transformations matters. A disciplined sequence is:

1. calculate the raw model score;

2. verify that the input and score are valid at the decision time;

3. apply model-appropriate local-scale adjustment;

4. normalize the adjusted score relative to its historical distribution;

5. map the normalized value through a bounded saturation func-
tion;

6. apply any predeclared forecast-stabilization rule;

7. record the resulting forecast together with all intermediate val-
ues.

Changing the order can alter the signal materially.

For example, capping a raw return before dividing by local variation
treats a 10% move identically in all markets, even though the move may
be ordinary in one market and exceptional in another. Capping after
standardization instead limits conviction based on the relative unusu-
alness of the observation.

Similarly, smoothing raw scores before normalization is not equivalent
to smoothing forecasts after normalization. The first smooths quanti-
ties measured in model-specific units. The second smooths values that
already have a common interpretation.

The full transformation should be recorded as a deterministic specifica-
tion. At minimum, the research and production record should retain:

« the raw model score;

« the local-scale estimate;
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« the locally scaled score;

« the distributional center and scale, or percentile estimate;
« the pre-cap forecast;

+ the capped or saturated forecast;

« the stabilized forecast, if applicable;

- any validity flags or fallback states.

This audit trail allows a researcher to answer a basic but essential ques-
tion: why did a forecast change on a particular date?

3.5.16 Common Failure Modes

Several normalization errors recur in trend research.

3.5.17 Using One Global Scale for All Markets

A single common standard deviation or fixed numerical threshold may
appear simple, but it ignores persistent differences in raw-score distri-
butions. It can cause naturally volatile markets or model families with
larger numerical units to dominate the forecast set.

3.5.18 Normalizing With Future Information

Estimating a score distribution using the entire historical sample cre-
ates look-ahead bias. A forecast in 2005 cannot know the volatility,
tail behavior, or percentile boundaries observed in 2020. All normal-
ization statistics must be estimated using only information available at
the decision date.

3.5.19 Treating Missing Scores as Neutral Scores

A zero forecast is a valid directional opinion: the model sees no mean-
ingful long or short evidence. A missing score means that the model
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cannot form an opinion because of insufficient history, invalid input, or
another predeclared failure condition. Replacing missing values with
zero conceals a data or model-state problem and can distort later ag-
gregation.

3.5.20 Allowing the Denominator to Become Too
Small

Any normalization based on division requires a floor:
gi,t Z Smin > 0.

Without a floor, a period of unusually low measured variability can pro-
duce implausibly large standardized scores from small raw moves. The
floor should be chosen as a governance control, not optimized for his-
torical performance.

3.5.21 Over-Smoothing the Forecast

Forecast smoothing can reduce unnecessary turnover, but excessive
smoothing changes the effective horizon of the model. A nominally
short-horizon signal that is heavily smoothed after normalization may
behave like a medium-horizon signal while retaining the operational
complexity of a fast model.

The effective response speed should therefore be measured after the en-
tire transformation pipeline, not inferred from the raw estimator alone.

3.5.22 Validation of the Normalization Layer

Normalization should be validated separately from the underlying
trend models. The following checks are especially useful.

1. Sign preservation. Confirm that valid positive raw evidence
does not become a negative standardized forecast and vice versa.

2. Range control. Confirm that every forecast lies within the
stated bounds under normal operation and under stress tests.
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3. Distribution review. Examine the distribution of forecasts by
market, model family, and horizon. Persistent clustering at the
cap, or persistent concentration near zero, may indicate an un-
suitable mapping.

4. Cross-series comparability. Compare average absolute fore-
cast magnitude, cap frequency, and forecast changes across mar-
ket groups and model families. Large differences require expla-
nation; they should not be accepted merely because raw inputs
use different units.

5. Parameter sensitivity. Vary the normalization window,
volatility estimator, saturation parameter, and stabilization
setting within reasonable ranges. The directional behavior
should remain recognizable.

6. Stress behavior. Review periods of extreme price movement,
unusually low observed variability, contract rolls, data correc-
tions, and temporary trading interruptions. The forecast should
remain bounded and interpretable.

7. Timing integrity. Recompute a sample of historical forecasts
using only data available at each original decision time.

A successful normalization layer is usually unremarkable in daily op-
eration. It does not create alpha on its own. It prevents accidental
concentration, preserves the intended meaning of forecast magnitude,
and allows diverse trend estimators to communicate in one controlled
language.

Once raw directional evidence has been translated into bounded, sta-
ble, and comparable forecasts, the program can combine signals with-
out allowing arbitrary measurement units or isolated extreme observa-
tions to dictate the result.

3.6 Ensembles and Advanced Model
Blends

The chapter has developed several ways to estimate trend and has
translated their outputs into a common forecast scale. The remaining
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task is to decide how those forecasts should coexist.

An ensemble is not simply a large collection of signals averaged to-
gether. It is a controlled allocation of forecast influence across model
families and response speeds. Its purpose is to reduce dependence on
any one parameterization, estimator, or price-path assumption while
preserving a coherent directional view for each market.
Let

F(m,h)

it
denote the standardized forecast for market 7, decision time ¢, model
family m, and horizon h. The ensemble produces one blended forecast,

Fi,t7

which becomes the directional input to the subsequent risk and posi-
tion layers.

The central design problem is not how to maximize the historical per-
formance of a blend. It is how to create a forecast stack that remains
interpretable, diversified, and robust when individual components ex-
perience their inevitable periods of weakness.

3.6.1 Why Blend Forecasts?

Every trend estimator imposes a different interpretation on the price
path.

A trailing-return model emphasizes endpoint movement over a spec-
ified window. A moving-average model emphasizes the relationship
between recent and slower-moving prices. A breakout model requires
a threshold event. A regression model emphasizes fitted direction rel-
ative to residual noise. A filter estimates a latent trend state under as-
sumptions about how quickly that state can evolve.

These differences matter most during transition periods:
« Afast model may recognize a reversal while a slow model remains
aligned with the older trend.

+ Abreakout may remain neutral until a new range extreme occurs,
while a moving-average model begins to recognize an emerging
recovery.
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« Aregression slope may remain positive but report low confidence
because the fitted path has become unstable.

« A filter may reduce conviction gradually when new observations
conflict with its prior trend estimate.

An ensemble can benefit from these differences if they represent gen-
uinely distinct information or distinct responses to uncertainty. It can-
not benefit merely from having more formulas. Ten highly correlated
versions of the same medium-horizon trend rule do not create ten in-
dependent sources of directional evidence.

The purpose of blending is therefore not to eliminate disagreement.
Disagreement is often informative. The purpose is to prevent the fi-
nal forecast from being determined by a single fragile implementation
choice.

3.6.2 The Basic Forecast Blend

The most direct blend is a weighted average:
M H
- m,h
Fi,t = Z Zwm,hFi(,t )a
m=1 h=1

where w,, j, is the weight assigned to model family m and horizon h.

For a simple convex combination, impose
W, h Z Oa

and

M
Z Zwmh =1.

m=1h=1
If every component forecast lies in the common bounded range,
E(ftnh) S [_Fmaza +Fmaz]7
then the weighted average also lies in that range:

Fi,t € [_F77Laac7 +Fma3c]-
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This is a useful property. It means that the blend preserves the seman-
tic interpretation established for individual forecasts. A final value
near +F,,,, indicates broad and strong positive agreement; a value
near — F,,,, indicates broad and strong negative agreement.

A value near zero requires more careful interpretation. It can mean
that every model is genuinely neutral. It can also mean that strong
positive and negative forecasts offset one another.

For example,

Fi(jhm’t) — 16, Fj{;nediu771) — 14, Fi(7ltong) — 116,

with equal weights produces

— —16+4+16
Fii= bk R

3
The final forecast is nearly neutral, but the underlying state is not neu-
tral. It reflects substantial disagreement between a short-horizon de-
cline and a long-horizon upward trend.

For this reason, a production system should retain component fore-
casts and report a disagreement measure alongside the blended fore-
cast. One simple measure is the weighted forecast dispersion:

M

H 2
D, = Z Zwm,h (Fz(;nh) _Fi,t) .

m=1h=1

A low value of D, ; indicates broad agreement among components. A
high value indicates that the blend conceals materially different di-
rectional views. The final forecast may still be appropriate for down-
stream use, but the disagreement should remain visible to risk moni-
toring and research review.

3.6.3 Equal Weights Are the Essential Bench-
mark

Equal weighting is often dismissed as simplistic. In practice, it is a de-
manding benchmark. It is transparent, stable, difficult to overfit, and
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usually more robust than a finely optimized weighting scheme built
from noisy historical estimates.

If there are K = M H active components, an equal-weight blend uses

WE = ?7
Equal weighting does not claim that every component has identical

forecasting ability. It recognizes that estimates of relative forecasting
ability are uncertain and can change materially out of sample.

An equal-weight benchmark should be the first blend evaluated. Any
more complicated weighting scheme should demonstrate that it im-
proves a clearly defined property without creating excessive instability.
Possible improvements include:

lower dependence on a single model family;

« more balanced representation of short, medium, and long hori-
Zons;

reduced duplication among closely related estimators;

« lower concentration of forecast changes in one component;

more stable behavior under reasonable parameter perturbations.

A weighting method should not be adopted solely because it improved
one full-sample performance statistic. That result may reflect histori-
cal concentration in one horizon or one estimator rather than a durable
improvement in forecast quality.

3.6.4 Hierarchical Blending by Horizon and
Model Family

A flat average of all components can create accidental concentration.
Suppose a program includes one time-series momentum model, one
moving-average model, one breakout model, and five closely related
regression variants. Equal weighting across all eight components gives
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the regression family 62.5% of the blended forecast even if that was not
the intended design.

A hierarchical structure avoids this problem. First, combine models
within each horizon:

(m,h)
E am|hF ’

where
M
Z am|h =1.
m=1

Then combine horizon-level forecasts:

h)
Fip = Z bnEY,
where
H
> by =1.
h=1
The total weight on component (m, h) is therefore
Wm h = bham\h~
This structure makes the design intent explicit. The researcher can de-
cide how much of the final forecast should arise from short-, medium-

, and long-horizon evidence before deciding how to allocate weight
among models inside each bucket.

The hierarchy can also be reversed. A program may first combine hori-
zons within each model family and then allocate across families:

H
= Z chImFi(,T,h)’
h=1
followed by

7115 - Z de(m .
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Neither ordering is universally correct. The choice should reflect the
primary diversification objective.

If horizon diversity is central, horizon-first blending is natural. If the
program views estimator families as the primary units of research and
governance, family-first blending may be more appropriate. What mat-
ters is that the weighting hierarchy prevents an expanding collection of
similar variants from quietly overwhelming the ensemble.

3.6.5 Horizon Weights Represent a Choice of Re-
sponse Speed

Allocating across horizons is not a minor implementation detail. It de-
termines the speed at which the final forecast responds to changing
prices.

A blend with a large short-horizon weight tends to recognize reversals
quickly, but it may experience more frequent changes of direction. A
blend dominated by long-horizon forecasts tends to remain aligned
with persistent moves, but it may hold the old direction longer after
a reversal.

A useful initial structure might assign broadly comparable influence to
short, medium, and long components:

1

bshort = bmedium = blong = 3

This is a benchmark, not a rule. A program may intentionally em-
phasize the medium horizon if it seeks a central balance between re-
sponsiveness and persistence. It may assign less weight to the shortest
horizon if that component creates a disproportionate share of forecast
turnover. It may assign greater long-horizon weight if the mandate
emphasizes slow, persistent directional exposure.

The crucial point is that horizon weights should reflect a deliberate
policy about response speed. They should not emerge accidentally
because one horizon has more parameter variants or produced the
strongest result in a selected historical interval.

A useful diagnostic is to apply a stylized reversal path to the complete
blend. The researcher should measure how long it takes for the final
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forecast to:

1. reduce conviction in the old direction;
2. cross neutral;

3. establish meaningful conviction in the new direction.

This response profile is more informative than the nominal parameter
values alone. It reveals the effective speed of the ensemble after all
component weights and forecast-stabilization rules are applied.

3.6.6 Correlation Is the Main Constraint on En-
semble Breadth

Formula diversity is not the same as forecast diversity. Two models
can have very different names and formulas while producing nearly
identical forecasts.

For example:

« a medium-horizon trailing return and a medium-horizon
moving-average rule may both remain long during a steady
advance and turn short after the same broad reversal;

+ a breakout and a price-versus-average rule may both respond
quickly to a sharp new trend;

« aregression slope and a long moving average may both summa-
rize the same persistent directional path.

The relevant question is not whether model formulas differ. It is
whether their forecast changes and realized behavior differ sufficiently
to justify separate weight.

For two component forecasts F(*) and F(*), a basic dependence mea-
sure is the correlation of their standardized forecast levels:
pap = Corr (F(a) F(b)) .

it oL

Forecast-level correlation is useful, but it is not sufficient. A complete
review should also consider:
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« correlation of forecast changes;

« correlation of directional sign states;

« overlap in long and short holding periods;

« similarity of responses during sharp reversals;

» correlation of realized component returns after common imple-
mentation assumptions;

« concentration of losses during adverse trend environments.

Two signals can have modest level correlation yet still reverse at the
same time during the episodes that matter most. Conversely, signals
with high average correlation can differ meaningfully during turning
points. Both facts are relevant to ensemble design.

A useful descriptive measure of weight concentration is the effective
component count:
1

Nesr = o
‘ ZkK:I wl%

With four equally weighted components,

Nesp = 4.

With weights
(0.70,0.10,0.10, 0.10),

the effective count is much lower:

1
Nojpr=— " ~1092.
/77 0.70% + 3(0.102)

This measure does not account for correlation, so it can overstate true
diversification when components are similar. It remains useful be-
cause it exposes obvious weight concentration before correlation is con-
sidered.
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3.6.7 Correlation-Aware Weighting

A simple correlation-aware policy does not need to solve an uncon-
strained optimization problem. It can instead impose practical limits:

+ set a maximum weight for any single model family;
+ set a maximum total weight for closely related variants;

+ require minimum representation for each approved horizon
bucket;

« reduce or reject the weight of a new model if it is highly correlated
with an existing component;

« review correlations over multiple samples rather than using one
full-history estimate.

These constraints often provide more durable diversification than at-
tempting to estimate a precise optimal covariance-weighted blend.

For completeness, a formal diversification-oriented objective can be
written as

subject to

wkzoa

and additional group, horizon, and concentration constraints. Here C
is a covariance or correlation matrix for component forecasts or com-
ponent returns.

This approach can be useful as a diagnostic, but it should be treated cau-
tiously. The estimated matrix C is noisy, especially when the ensemble
contains many related components and the historical sample is limited.
Small changes in the estimation sample can produce large changes in
optimized weights. Unconstrained optimization often responds by as-
signing extreme allocations to components that happened to appear
unusually diversifying in sample.
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A robust implementation therefore favors constrained, slowly chang-
ing weights. The goal is not to identify the mathematically minimum-
variance blend of historical forecasts. The goal is to avoid obvious du-
plication while maintaining a stable and understandable signal archi-
tecture.

3.6.8 Model Redundancy and the Burden of
Proof

Every additional model increases research, monitoring, and opera-
tional complexity. It also increases the risk that the ensemble contains
accidental duplication.

A new model should satisfy at least one of the following conditions:

1. It captures a distinct response speed not already represented.

2. It reacts differently to price paths that are important for the pro-
gram, such as gradual recoveries, abrupt breaks, or noisy rever-
sals.

3. It supplies a materially different confidence estimate or filtering
mechanism.

4. It improves robustness by reducing dependence on a fragile pa-
rameter choice.

5. It contributes stable incremental value after accounting for its
correlation with existing components.

A new model should not be admitted because it has an attractive nar-
rative, because it produces a favorable isolated backtest, or because its
formula appears more sophisticated. Complexity must earn its place.

This principle is especially important when generating parameter grids.
A collection of 12-, 13-, 14-, and 15-month lookbacks may appear to pro-
vide four distinct signals, but in practice they may represent one slow
trend component expressed four times. Treating them as independent
forecasts would create false breadth.

A practical governance rule is to define a model family at the concep-
tual level rather than at the parameter level. Parameter variations can
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be used for robustness testing or modest internal averaging, but they
should not automatically receive separate independent weight in the
final blend.

3.6.9 Handling Missing or Invalid Component
Forecasts

A blend must specify what happens when one component is unavail-
able. A model may lack sufficient history, encounter an invalid input,
or be suspended under a predeclared data-quality rule.

A missing forecast is not a zero forecast. Zero means the model has a
valid neutral view. Missing means the model cannot form a valid view.

If component % is unavailable, a common policy is to renormalize
weights among the valid components. Define I, = 1 if component
k is valid at time ¢, and I, ; = 0 otherwise. Then

Wil

By = —lht
D1 Wil

The blended forecast becomes
K
— Z . k
Fi,t = wkﬁtFi(,t)'
k=1

This preserves the intended total forecast scale when a small number
of components is missing. It can also alter the effective composition
of the blend abruptly if a major component becomes unavailable. The
system should therefore record the active-weight profile and generate
monitoring alerts when the valid component set changes materially.

For a prolonged component outage, a program may prefer to reduce
the overall forecast magnitude rather than fully reallocate the missing
weight. That policy is more conservative because it recognizes that
the ensemble has lost information breadth. The appropriate choice
depends on the reason for the missingness and should be specified in
advance.
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3.6.10 Trend-Plus-Carry Extensions

Once the trend ensemble is stable and normalized, a program may con-
sider adding non-trend information. Carry is a common candidate be-
cause it reflects a different economic mechanism from directional per-
sistence.

Let
Cit

denote a normalized carry forecast on the same bounded scale as the
trend blend
Ty

)

A simple combined forecast is
Fi,t =1 —-7)Tit+~Cis,

where
0<~y< 1

This formulation is intentionally simple. It makes the contribution of
carry visible and prevents it from entering the system as an undocu-
mented adjustment to a trend rule.

A carry extension should satisfy several conditions before it receives a
persistent weight:

» The carry measure must be defined consistently for the traded
market and must be available at the stated decision time.

« Its forecast scale must be comparable with the trend forecast
scale.

« Its relationship with trend should be measured at the forecast
and realized-contribution levels.

« It should provide incremental information rather than merely re-
inforce trend during selected historical episodes.

« Its behavior during stressed periods and sharp reversals should
be understood.
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A useful discipline is to begin with a small, fixed v and evaluate whether
the extension improves robustness across multiple samples and mar-
ket groups. Allowing carry to dominate the blend because it happened
to perform well in one regime changes the character of the program
from a trend-led process to a different multi-signal strategy.

Trend and carry can agree, disagree, or be independently neutral.
When they disagree, the resulting forecast should be interpreted as a
deliberate compromise between distinct sources of information, not as
evidence that one signal is erroneous.

3.6.11 Regime-Aware Weights

A more advanced extension allows component weights to vary with an
observable state variable Z,:

Wkt = ’Ll)k(Zt)

For example, a program may hypothesize that faster trend components
deserve relatively more influence when price variability is elevated, or
that slower components deserve more influence when directional per-
sistence is strong. Such ideas are plausible, but they are easy to overfit.

Regime-aware weighting introduces several layers of additional uncer-
tainty:

1. The regime variable itself must be estimated.
2. The regime must be observable without future information.

3. The relationship between the regime and component perfor-
mance may be unstable.

4. The weight transition can create turnover and hidden timing ex-
posure.

5. Historical samples may contain too few independent regime
episodes to support reliable inference.
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For these reasons, regime-aware weights should be bounded, gradual,
and subordinate to the core static ensemble. A conservative specifica-
tion might allow only modest deviations around long-run weights:

b
Wit = Wy + g g,

subject to

|5k,t| < 6mawa
and

K

> Sk =0.

k=1
This preserves the long-run architecture while allowing limited adap-
tation.

A regime model should not be judged only by whether it improves
historical returns. It should also be tested for weight stability, inter-
pretability, turnover, sensitivity to regime-definition choices, and be-
havior when the state variable changes rapidly. If the regime logic can-
not be explained in a few clear rules, it is unlikely to remain governable
in production.

3.6.12 Validation of the Complete Ensemble

The complete forecast blend requires validation at three levels.

3.6.13 Component-Level Validation

Each individual component should remain independently
interpretable. The research team should be able to identify its horizon,
model family, raw input, normalization method, expected response
speed, and failure modes.

A component that cannot stand on its own should not be rescued
merely by averaging it with other signals.

3.6.14 Blend-Level Validation

The ensemble should be reviewed for:
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« model-family and horizon concentration;

« forecast correlation and forecast-change correlation;
« frequency of strong component disagreement;

« cap usage and saturation behavior after aggregation;
« sensitivity to component removal;

« stability of weights under nearby design choices;

+ dependence on a narrow group of markets or historical episodes.

A useful leave-one-component-out test removes each major compo-
nent in turn and recomputes the blend. If removing one signal radically
changes the system’s behavior, the claimed breadth of the ensemble
may be illusory.

3.6.15 Out-of-Sample and Walk-Forward Valida-
tion

Weights, grouping rules, correlation estimates, and any regime logic
should be evaluated using a process that respects the information avail-
able at each historical date.

A walk-forward procedure can be summarized as follows:
1. estimate model diagnostics and any adaptive weights using an
initial historical window;
2. freeze those choices for a subsequent evaluation period;
3. advance the estimation window;
4. repeat without allowing later outcomes to revise earlier deci-

sions.

This process is particularly important for correlation-aware and
regime-aware blends. These methods can look highly effective
when evaluated with full-sample information because the historical
covariance structure and favorable regimes are known in advance. A
realistic walk-forward design reveals whether the adaptation remains
useful when the future is genuinely uncertain.

229



CHAPTER 3. DESIGNING ROBUST TREND SIGNALS

3.6.16 A Conservative Ensemble Blueprint

A practical initial ensemble often follows a deliberately modest se-
quence:

1. Establish one transparent benchmark from each approved model
family.

2. Assign each component to a predeclared short, medium, or long
horizon.

3. Normalize every component to the same bounded forecast scale.
4. Begin with equal or grouped-equal weights.

5. Impose explicit limits on model-family and horizon concentra-
tion.

6. Measure forecast dependence and remove or reduce clearly re-
dundant variants.

7. Preserve component forecasts and disagreement diagnostics af-
ter blending.

8. Add carry, regime logic, or other extensions only after the core
trend ensemble is stable and independently validated.

This approach may appear less sophisticated than a fully optimized
model stack. Its strength is that every layer has a clear role. Trend
estimators generate directional evidence; normalization establishes se-
mantic consistency; the ensemble allocates influence across distinct
sources of evidence; and later risk processes translate the final forecast
into exposures.

The guiding principle is simple: a broader signal set is valuable only
when its added components contribute robustly different information
or behavior. Complexity that merely repackages existing trend expo-
sure should be treated as concentration, not diversification.
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Chapter 4

From Forecasts to
Tradable Positions

A forecast can be elegant, statistically robust, and still useless in pro-
duction if it cannot be expressed in the right number of contracts at
the right level of risk. This chapter shows where research becomes
a real CTA book: when signals are translated into volatility-scaled,
constraint-aware, and tradable exposures that remain comparable
across every market in the program.

4.1 Forecast Abstractions, Horizons,
and Comparability

A trend model is not yet a trading position. Its immediate product
is a forecast object: a structured statement about the direction and
strength of the trend believed to be present in one market at one deci-
sion time. This distinction is essential. A position answers the ques-
tion, “How much capital or risk should the program allocate?” A fore-
cast answers the earlier and narrower question, “What directional con-
viction does the signal extract from the available market history?”

As established in the discussion of the signal layer, keeping these ques-
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tions separate makes a CTA program easier to research, audit, and
modify. A researcher can replace a trend estimator without changing
the risk-targeting framework. Conversely, the portfolio team can al-
ter risk budgets or volatility estimates without redefining the economic
content of the trend signal. The forecast layer is therefore an interface
between market-data research and the later processes of position siz-
ing and portfolio construction.

4.1.1 The Forecast as a Common Research Object

For instrument ¢ observed at decision date ¢, let the output of a trend
rule be denoted by

'
1y,
where / identifies the signal horizon or speed. The superscript is im-
portant: a three-month trend estimate and a twelve-month trend esti-
mate may be derived from the same price series, but they are not inter-
changeable observations of the same quantity. They reflect different

portions of market history, react at different rates, and normally pro-
duce different trading behavior.

A useful forecast object contains at least four conceptual elements:

+ Direction. Is the rule positive, negative, or neutral? A positive
value represents a long directional preference, while a negative
value represents a short preference.

« Strength. How strongly does the evidence support that direc-
tional preference? A forecast near zero indicates little usable
trend information; a forecast near its upper or lower bound in-
dicates stronger conviction.

« Horizon. What speed of price movement is the rule designed to
identify? Horizon is a property of the model specification, not a
label applied after the fact.

» Availability and provenance. Which observations were avail-
able when the forecast was calculated, which contract series was
used, and which parameter set generated it? These fields are op-
erational necessities rather than optional research annotations.
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The forecast need not be a literal prediction of the next period’s return.
In most trend-following systems, it is better understood as a direc-
tional score. A forecast of +-10 should not be interpreted as an expected
return of 10%, ten basis points, or ten forecast points of profit. It says
that, under the chosen transformation and calibration, the available
evidence supports a stronger long exposure than a forecast of +3.

This interpretation avoids a common error. Raw trend indicators of-
ten have natural units that are meaningful only inside their own con-
struction. For example, a cumulative return is measured in percentage
terms, a regression slope may be measured in log-price units per day,
and a moving-average distance may be expressed as a fraction of price.
These values can be useful inputs to research, but their numerical mag-
nitudes do not constitute a portable language for a multi-market port-
folio.

4.1.2 Binary Calls, Continuous Scores, and Confi-
dence

At the simplest level, a trend rule can produce a binary direction call.
A binary signal can be defined by

sght) =+1
when the estimated trend is positive, and

(h) =1

Sit =

when the estimated trend is negative.

A binary signal has attractive properties. It is easy to explain, difficult
to misinterpret, and relatively insensitive to the exact magnitude of
an estimated trend. It also prevents a single unusually large historical
move from mechanically creating a disproportionately large forecast.

Its limitation is that it treats weak and strong evidence identically. A
market that has risen marginally over the lookback window receives
the same long indication as one that has advanced persistently and
substantially. Binary rules therefore discard information about trend
strength. They may also switch abruptly between long and short states
when the indicator fluctuates around zero.
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A continuous forecast retains this information. Let xﬁ’;) denote a raw
trend indicator. The signal layer transforms it into a signed score:

F = (),

where ¢(-) is a monotonic mapping. A positive raw indicator pro-
duces a positive score, a negative indicator produces a negative score,
and larger absolute indicators generally produce larger absolute scores.
The function g may be linear over a central range, robust to extreme
observations, or deliberately saturating at large values.

The word confidence requires care in this setting. A large forecast
commonly means that the trend measure is large relative to its nor-
mal historical variation. It does not necessarily mean that the model
has calculated a calibrated probability of a positive return. Unless the
model is explicitly estimated and validated as a probabilistic forecast,
terms such as “90% confidence” should be avoided. In a production
CTA context, forecast magnitude is usually a standardized measure of
directional conviction, not a statement of statistical certainty.

A practical forecast specification may also permit a neutral region. One
can set

h
fi<,t) =0
when
xf? < b,

where b is a deliberately chosen no-trade or low-conviction threshold.
Such a band can reduce turnover caused by small, economically unim-
portant changes in the indicator. It should not be introduced merely
because it improves one historical backtest; its usefulness must be as-
sessed after realistic trading costs and across varied market environ-
ments.

4.1.3 Horizon Is an Economic Choice

The lookback horizon  determines how much past market information
the model uses, but its importance goes beyond the number of obser-
vations in a formula. Horizon determines the type of persistence that
the model is attempting to harvest.
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For a return-based trend measure, define the cumulative log return
over h trading days as

h

(h)
Ri; = Zri,t—ja

=1

where r;;_; is the return known before the decision at ¢. A short-
horizon version of this statistic responds rapidly to recent reversals. A
long-horizon version changes more slowly because an individual daily
return has less influence on the total.

The distinction has direct economic and implementation conse-
quences:

« Fast horizons seek to respond quickly when market leadership
changes. They can reduce the delay before a new trend is recog-
nized, but they are more exposed to short-lived reversals, bid—
ask effects, execution costs, and transient price shocks.

+ Medium horizons are often intended to capture persistent di-
rectional moves while filtering some day-to-day noise. Their re-
sponsiveness and turnover normally lie between the faster and
slower alternatives.

» Slow horizons emphasize broad, persistent moves. They gen-
erally trade less frequently and are less affected by isolated obser-
vations, but they can remain positioned in an old trend for some
time after a genuine reversal.

The following table summarizes the design trade-offs. The boundaries
between categories are not universal. A horizon that is “fast” for a
strategic managed-futures program may be “slow” for an intraday sys-
tem. The relevant comparison is with the program’s rebalance sched-
ule, transaction-cost structure, liquidity constraints, and intended in-
vestment horizon.

Lookback horizon, rebalance frequency, and holding period must not
be conflated. A model may use a 12-month lookback, calculate a fresh
forecast every day, and adjust its position daily. Alternatively, it may
use the same 12-month lookback but trade only weekly or monthly. The
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Horizon class Primary informa- Typical strengths Principal imple-
tion emphasized mentation costs
Fast Recent price persis- Earlier reaction  Higher turnover;
tence and turning to new directional greater sensitivity
points moves; potentially to noise, gaps, exe-
useful during abrupt  cution assumptions,
market transitions and temporary
reversals
Medium Persistence over sev-  Balances responsive- Can still be whip-
eral weeks to several — ness with noise re- sawed in range-
months duction; often pro- bound markets;
vides a stable core  parameter choice re-
trend estimate mains consequential
Slow Broad price move- Lower turnover; less  Late recognition of
ment over many influence from iso- reversals; may retain
months lated observations; exposure after a
captures persistent  trend has weakened

macro-scale moves or changed direction

Table 4.1: Horizon taxonomy for daily or lower-frequency trend fore-
casts

first choice describes the information set; the second describes the de-
cision schedule; the third is the realized duration for which trades re-
main open. These choices interact, but they are distinct parameters
and should be recorded separately in research documentation.

A further issue is overlap. Daily forecasts based on a long lookback win-
dow share most of their input observations with the preceding day’s
forecast. Consequently, adjacent observations of the forecast will be
highly correlated. That is not a defect. It is the expected behavior
of a slow-moving estimate. It does mean, however, that a backtest
should not mistake the large number of daily forecast observations for
an equally large number of independent economic bets.

4.1.4 Comparability Requires More Than a Com-
mon Sign Convention

A positive forecast in an equity-index future, a government-bond fu-
ture, a commodity future, and a currency future must all have the
same operational interpretation: each represents an equivalent degree
of positive directional conviction before portfolio risk budgeting is ap-
plied. As we saw in the discussion of cross-market comparability, this
does not arise automatically from using the same formula everywhere.
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Consider two raw indicators:

<M —o18, 2™ —0.04.

equity,t rates,t

Without context, it is impossible to conclude that the equity signal is
four and a half times stronger. The equity market may simply have
higher realized volatility, different contract mechanics, or a raw indi-
cator with different units. The numerical scale of a signal is partly a
property of the market and partly a property of the formula. Neither
should be allowed to determine portfolio influence accidentally.

The forecast layer therefore applies a calibration transformation be-
fore the standardized forecast is passed downstream. One generic ap-
proach is to divide the raw indicator by an estimate of its own historical
scale: " "

L) _ Lit — My

it (h) ’
Sit

where m!") is a historical location estimate and 55}? is a historical dis-

it
persion estimate. Depending on the indicator, mgﬁ) may be zero by
construction. The scale estimate may be a standard deviation, a robust
dispersion measure, or another quantity that reflects the usual varia-

tion in the raw indicator.

The resulting z-score is not necessarily the final forecast. A system may
map it into a bounded common range. One option is

fi("z) = clip (azytb), —F, +F),

where a controls the typical forecast magnitude and F is the maximum
permitted absolute forecast. The function

clip(y, —F,+F) = min{F, max{—F, y}}

limits the effect of unusually large raw values. The precise numerical
range is a program convention, but the convention must be applied
consistently across instruments and model variants.

This transformation has three separate purposes:

« It removes arbitrary differences in the units and volatility of raw
indicators.
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« It makes forecast magnitude interpretable across markets and
across trend-rule families.

« It prevents one exceptional observation, data anomaly, or unsta-
ble parameter estimate from overwhelming the downstream allo-
cation process.

Forecast normalization is not a substitute for volatility-based position
sizing. The two controls operate at different layers. Normalization
makes the information content of forecasts comparable. Position siz-
ing later converts a comparable forecast into an exposure that accounts
for contract volatility, portfolio risk budgets, and diversification. A
high-volatility commodity and a low-volatility government-bond fu-
ture can therefore receive similarly strong forecasts while still receiving
different numbers of contracts.

4.1.5 Calibration Choices and Their Failure
Modes

The calibration sample must obey the same information discipline as
the trend model itself. At date ¢, the location estimate mgz), scale esti-
mate Sz(',}?’ and any clipping thresholds must be based only on informa-
tion available by ¢. A full-sample standard deviation computed using
future data can quietly introduce look-ahead bias even when the trend
rule is otherwise correctly lagged.

Rolling and expanding windows offer different compromises:

« An expanding window uses all valid past observations. It is
stable and easy to audit, but it can adapt slowly after a structural
change in market volatility or contract construction.

+ A rolling window uses a fixed recent history. It adapts more
rapidly, but its estimates are noisier and can themselves become
sensitive to an arbitrary window length.

« A robust estimator reduces the influence of extreme observa-
tions. This is particularly useful when raw indicators are affected
by price gaps, contract-roll artifacts, or crisis-period volatility
spikes.
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The choice should be evaluated as part of the whole forecast design, not
optimized independently. A highly reactive trend signal paired with
a highly reactive scaling estimate can become unintentionally unsta-
ble: both the numerator and denominator move sharply at the same
time. Conversely, a slow signal paired with an extremely slow calibra-
tion may preserve obsolete assumptions about the indicator’s scale.

The calibration should also be monitored in live operation. Useful di-
agnostics include the cross-sectional distribution of forecasts, the frac-
tion of observations at the positive or negative cap, the fraction in the
neutral region, and the average absolute forecast by asset class. Per-
sistent differences can signal a data problem, a contract-roll inconsis-
tency, or a scaling rule that is not producing the intended common lan-
guage.
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4.1.6 A Minimal Forecast Contract

Before proceeding to particular trend-model families, it is useful to
state the minimum contract that every forecast generator should sat-
isfy. For each instrument, date, and horizon, the research system
should be able to answer the following questions:

« What price or return history was eligible for use at the decision
time?

« What raw indicator was computed from that history?
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« What transformation converted the indicator into the common
forecast scale?

« What cap, threshold, or missing-data rule was applied?

« Which horizon, parameter version, and contract-series definition
produced the result?

A forecast record that cannot answer these questions may still generate
an attractive historical return series, but it is not yet an institutional re-
search object. It cannot be reliably reproduced, compared with another
model, or investigated when live behavior differs from expectations.

The remainder of the chapter develops distinct ways to produce the raw
directional information that enters this contract. The central discipline
remains unchanged: each model should first express its own evidence
about trend, then translate that evidence into a comparable forecast
space. Only after that translation is it appropriate to decide how much
risk the portfolio should take.

4.2 Time-Series Momentum as the Core
Model Family

As established earlier, time-series momentum uses an instrument’s
own past return to form a directional view of that same instrument.
It is therefore fundamentally different from a cross-sectional momen-
tum strategy, which ranks assets against one another and buys relative
winners while selling relative losers. A time-series momentum rule can
be long equity-index futures, long government-bond futures, short an
energy future, and long a currency future at the same time because each
decision is made independently from the market’s own price history.

This property makes time-series momentum especially well suited to
diversified managed-futures portfolios. It does not require a stable
cross-sectional relationship between asset classes, nor does it require
the portfolio to be approximately dollar neutral across markets. In-
stead, it asks a simple question repeatedly for each tradable future:
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Has this market’s own recent price movement been suffi-
ciently positive or negative to justify a directional forecast?

The simplicity of that question is a strength rather than a limitation.
Moskowitz—Ooi—Pedersen (2012) documented statistically significant
time-series momentum across major asset classes and multiple hori-
zons. Hurst—Ooi—Pedersen (2017) extended the long-run evidence
and emphasized that implementation choices, including transaction
costs, risk scaling, and horizon selection, determine how a theoretical
trend rule becomes an investable program. AQR’s Demystifying Man-
aged Futures likewise argues that a substantial portion of managed-
futures performance can be understood through simple, transparent
trend-following exposures.

The goal of this section is not to claim that one return lookback or one
mathematical transform is universally optimal. It is to develop time-
series momentum as a robust model family: a collection of closely re-
lated specifications that share the same economic intuition while dif-
fering in responsiveness, strength measurement, turnover, and imple-
mentation demands.

4.2.1 The Basic Return Construction

Let P;, denote the price of futures market i at the end of date ¢. In
practice, this price must come from a consistently constructed futures
series, using the roll methodology selected for the program’s data pro-
cess. The trend signal should not be calculated from a series that con-
tains unaddressed contract-roll jumps, stale settlements, or revisions
unavailable at the historical decision time.

For a lookback horizon of & trading days, the cumulative log return
available at date ¢ can be written as

h
(h)
R =Y risj,
i=1

lo Pit
Tit = .
o’ & Py
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Equivalently, when log returns are used consistently,

=log (Pi’tl ) .
P ho

The indexing convention matters. A forecast used to establish a posi-
tion after the close on date ¢t may use the settlement price observed on ¢,
provided the execution assumption does not imply trading before that
settlement was known. A forecast used at the opening of date ¢ must
exclude information from that same day’s close. The required lag de-
pends on the data timestamp and execution model, but the governing
principle is straightforward: every input to the forecast must have been
observable before the modeled trade.

The raw return R('; is the central object in the time-series momentum
family. A positive value indicates that the market rose over the selected
historical interval; a negative value indicates that it fell. The next de-
sign decision is how much information to retain from that observation.

4.2.2 Sign-Based Momentum: Direction Without
Strength

The binary momentum forecast introduced earlier reduces the look-
back return to its sign:

E};) = sign (RY?) )

where, subject to the program’s convention,

+1, x>0,
sign(z) =<0, x=0,
-1, x<0.

The economic interpretation is direct. If the market has delivered a
positive trailing return, the rule supplies a long directional forecast. If
the trailing return is negative, it supplies a short forecast. The model
does not attempt to decide whether a 2% rise is more informative than
a 20% rise. It only asks whether the historical direction is positive or
negative.
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This design has several advantages.

First, it is highly transparent. An investment committee, risk manager,
and operations team can all verify the forecast from the same return
series. Second, it reduces sensitivity to outliers. A single extraordi-
nary price move can change the signal’s direction, but it cannot make
the directional forecast arbitrarily larger. Third, it avoids the difficult
problem of estimating whether the magnitude of a past return should
translate linearly into a larger future expected return.

The cost of this robustness is information loss. A market that has
moved marginally higher over the lookback window receives the same
directional instruction as a market that has advanced steadily and sub-
stantially. The binary rule also creates discontinuous changes in expo-
sure: a small movement around the zero-return threshold can reverse
the forecast from long to short.

For this reason, sign-based momentum is often best viewed as a bench-
mark specification. It establishes whether the directional content
of past returns has value before the researcher adds more elaborate
strength transforms, thresholds, or smoothing rules. If a proposed con-
tinuous specification cannot offer a compelling improvement after re-
alistic costs and conservative validation, the simpler sign rule remains
a credible alternative.

4.2.3 Continuous Momentum: Measuring Trend
Strength

A continuous time-series momentum forecast retains the sign of the
trailing return while allowing its magnitude to affect directional con-
viction. A basic formulation is

(h)
Ry
F)
f ) )

Ui,t

where 0( ) is an estimate of the typical variation in returns over a com-
patible horlzon

The numerator measures the market’s realized directional movement.
The denominator asks whether that movement was large relative to
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the market’s normal behavior. This distinction is critical. A 5% move
may be substantial for a low-volatility bond future but routine for a
volatile commodity future. Dividing by an estimate of historical vari-
ability prevents raw percentage returns from determining conviction
solely because one market has larger ordinary price swings.

If the forecast horizon is h trading days and daily volatility is estimated

~ l . o . .
as ad‘t” Y, a simple compatible scaling is

a\_z( _ Adazly f
This square-root-of-time adjustment is an approximation, not a law
of market behavior. Returns may be serially correlated, volatility may
vary over time, and large gaps may dominate the realized path. Never-
theless, it provides a useful first-order way to distinguish an unusual
directional move from an ordinary fluctuation.

A more explicit continuous forecast can be written as

h
(h) RE t)
fi,t - Ada?lyf

where a is a calibration constant that maps the volatility-adjusted re-
turn into the program’s forecast scale. The scaling and capping archi-
tecture for such forecasts is developed later in the chapter. At this stage,
the essential point is that the continuous version converts a trailing re-
turn into a signed measure of unusual directional movement.

Continuous forecasts have three practical effects relative to binary fore-
casts:

+ 1. They permit gradual exposure changes. A weakening pos-
itive trend can produce a smaller long forecast before it becomes
a short forecast.

« 2. They give greater influence to large, persistent moves, pro-
vided those moves are large relative to the market’s own histori-
cal volatility.

+ 3. They can increase sensitivity to extreme observations. An
unusually large return can generate a large raw score even when
it reflects a temporary dislocation rather than a durable trend.

245



CHAPTER 4. FROM FORECASTS TO TRADABLE POSITIONS

The last point is why continuous forecasts require careful treatment of
scaling, robust volatility estimates, and output limits. Greater numer-
ical sophistication is not automatically greater economic information.
A continuous transform should improve the relationship between mea-
sured trend strength and subsequent portfolio behavior, not merely
make the backtest more responsive to a small number of unusually
profitable historical episodes.

4.2.4 A Return Is Not Necessarily a Trend

A trailing return is a compact summary of price history, but it does not
reveal the path by which the return was earned. Two markets can have
the same h-day cumulative return and very different trading character-
istics.

Suppose each market has a 12-month return of +12%. The first market
rises gradually for most of the year with limited reversals. The second
falls sharply, rallies sharply, and happens to finish 12% above its ini-
tial level. A simple time-series momentum rule gives both markets the
same raw lookback return. Yet the first path is more consistent with the
intuitive idea of a persistent trend, while the second may have imposed
substantial whipsaw risk on a strategy rebalanced at shorter intervals.

This is not a flaw unique to time-series momentum. It is a deliber-
ate modeling choice: the canonical specification summarizes direction
over a chosen interval rather than attempting to model every feature
of the path. The simplicity makes the rule broadly applicable and resis-
tant to overfitting. It also makes clear what additional features would
need to justify their complexity: they must improve trading decisions
beyond the information already contained in the trailing return.

For a core CTA signal, this trade-off is often attractive. A return-based
specification can be applied consistently to equity-index, fixed-income,
commodity, and FX futures without assuming that these markets share
the same price level, volatility, seasonality, or microstructure. The
common object is the market’s own return history.

246



4.2. TIME-SERIES MOMENTUM AS THE CORE MODEL FAMILY

4.2.5 Lookback Horizon Determines Signal
Speed

The lookback horizon is the principal parameter in a time-series mo-
mentum model. It is not a cosmetic choice, because changing h
changes both the information being used and the portfolio behavior
that follows.

A short lookback gives substantial weight to recent returns. It can rec-
ognize a reversal early, but it also reacts more frequently to noise. A
long lookback averages over a broader historical interval. It is less af-
fected by individual observations, but it may remain aligned with an
old trend after market conditions have changed.

The trade-off can be understood from the incremental update to a
rolling return:
h h
Rg,t)ﬂ = RZ(',t) +7rit — Tit—h-

Each new forecast adds the most recent return and removes the oldest
return in the window. When £ is small, the removal of one older ob-
servation can substantially alter the total. When # is large, the same
new return has less immediate influence. Thus, slow forecasts are not

merely fast forecasts sampled less often; they are different estimators
with different memory.

The following design questions should be answered explicitly for every
horizon:

« How many trading days of history enter the return calculation?

« Isthe most recent observation included, or is there an intentional
skip period between measurement and trading?

« How often is the forecast recomputed?

» How often can the resulting position be traded?

What level of turnover is economically viable after bid—ask
spreads, commissions, market impact, and contract-roll costs?

An intentional skip period is sometimes used to avoid treating the most

recent short-term move as part of a medium-term trend. Let k de-
note the number of most recent returns omitted from the signal. The
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skipped-return formulation is

k+h

(k)
Ry = E Tit—j-
j=k+1

For example, a researcher might evaluate a 12-month return that ex-
cludes the most recent month. Such a choice is not automatically supe-
rior. It represents a specific hypothesis: very recent returns may con-
tain short-lived reversal, liquidity, or microstructure effects that differ
from the medium-term persistence the model seeks to capture. That
hypothesis must be tested across markets and periods, with the cost of
delayed reaction considered alongside any apparent improvement in
historical statistics.

4.2.6 Lookback, Rebalance Frequency, and
Turnover

A common implementation mistake is to treat the lookback horizon as
the sole determinant of trading speed. In fact, turnover depends on at
least three interacting choices:

+ 1. Lookback length: how much history defines the trend esti-
mate;

+ 2. Forecast update frequency: how often the system recalcu-
lates the signal;

« 3. Trading or rebalance frequency: how often the system
permits its desired exposure to become an actual market order.

A 12-month trend estimate can be updated daily, weekly, or monthly.
Daily updating allows the forecast to respond continuously to new
information, even though the underlying signal is slow. Weekly or
monthly rebalancing reduces implementation activity but introduces a
delay between the desired and realized exposure. Neither approach is
inherently correct; the appropriate choice depends on liquidity, costs,
mandate constraints, and the extent to which daily forecast changes
produce economically meaningful changes in position.
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For a continuous forecast, a useful turnover diagnostic is the average
absolute forecast change:

T

1
ForecastTurnover;, = ——
T -1 port

h h
fi(,t) - fi(,t)fl .

This is not the same as contract turnover, because final position
changes also depend on later risk scaling and portfolio constraints.
It is nevertheless valuable because it isolates the contribution of the
signal itself. If two formulations produce similar gross returns but one
requires much larger average forecast changes, the higher-turnover
specification must demonstrate enough additional value to cover its
expected implementation burden.

Sign forecasts require a related but simpler diagnostic: the rate at
which the sign changes. A strategy that alternates frequently between
+1 and —1 is not necessarily discovering more opportunities; it may
simply be reacting to a market without persistent directional structure
at the selected horizon.

4.2.7 Why Time-Series Momentum Remains the
Core Baseline

Time-series momentum is widely used as a foundation for diversified
trend programs because it combines several desirable properties.

It is portable across markets.

The model uses each instrument’s own return series. It can there-
fore be deployed across equity-index futures, sovereign-bond futures,
short-term interest-rate futures where appropriate, commodity fu-
tures, and FX futures without requiring all markets to be ranked
against a common benchmark.

It is directionally symmetric.

The same process can generate long and short forecasts. This is partic-
ularly important for managed futures, where the ability to participate
in sustained declines can be as important as participation in sustained
advances. The symmetry is structural rather than dependent on a dis-
cretionary decision to “allow shorts.”
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It is transparent.

The core research object is a return over a stated interval. Its inputs,
timing, and transformation can be independently reproduced. This
clarity improves model governance and makes it easier to distinguish
genuine signal changes from data or implementation errors.

It admits disciplined extensions.

A researcher can begin with a binary return-sign rule, move to a
volatility-adjusted continuous score, alter the lookback horizon, or im-
pose carefully justified thresholds. Each modification can be compared
with a clear baseline rather than with an opaque collection of interact-
ing rules.

It is compatible with the managed-futures objective.

Trend strategies may be particularly useful when markets experience
sustained directional movement, including periods of broad macroe-
conomic repricing or market stress. This does not mean that trend
following is guaranteed to profit during every crisis. Sharp reversals,
discontinuous gaps, and rapidly changing correlations can still be dif-
ficult. The relevant intuition is narrower: when a large move persists
long enough for a trend estimator to identify it, a diversified time-series
momentum program has a mechanism for adapting its directional ex-
posure.

The same strengths also impose discipline. Because the model is sim-
ple, weak research practices are easier to detect. A researcher cannot
attribute poor results to hidden model complexity; the questions are
visible. Was the price series tradable? Was the signal available before
the trade? Was turnover measured with realistic costs? Did the cho-
sen horizon work broadly, or only in a narrow historical subsample?
Did one asset class or a handful of episodes account for most of the
apparent performance?

4.2.8 Implementation Standards for a Core Time-
Series Momentum Signal

A production implementation should specify the following elements be-
fore evaluating performance:
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+ 1. Instrument definition. Identify the futures contract series,
currency convention, roll methodology, and treatment of holi-
days and missing prices.

+ 2. Return definition. State whether the signal uses arithmetic
or log returns and whether it is calculated from price returns, ex-
cess returns, or another consistently defined return series.

« 3. Information timing. Document the timestamp of the price
input, the forecast-generation time, and the earliest feasible exe-
cution time.

+ 4. Horizon definition. State the exact lookback length in trad-
ing days, weeks, or months; specify any skipped recent period;
and identify the update frequency.

+ 5. Strength transform. Specify whether the rule is sign-based
or continuous and, for a continuous rule, define the volatility or
dispersion estimate used in normalization.

+ 6. Missing-data treatment. Define what happens when a set-
tlement is unavailable, a contract is limit-locked, or the continu-
ous series is incomplete.

» 7. Cost-aware evaluation. Evaluate turnover, bid—ask as-
sumptions, commissions, roll costs, and the practical capacity of
the intended trading universe.

These standards are deliberately mundane. The most damaging errors
in systematic trend research are often not failures of financial theory;
they are mismatches between data timestamps, contract construction,
forecast timing, and assumed execution. A transparent time-series mo-
mentum model is valuable partly because it gives the research process
a demanding but manageable baseline.

The next signal families use different ways of extracting directional in-
formation from price history. Their outputs should ultimately satisfy
the same forecast contract developed in the preceding section: a dated,
signed, comparable measure of conviction that can later be translated
into risk-controlled positions.
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4.3 Moving Average and Crossover Sig-
nals

Time-series momentum summarizes a specified interval of past
returns. Moving-average signals approach the same broad trend-
identification problem from a different direction: they smooth the
price level itself and ask whether the current market price, or a
faster estimate of price, has moved meaningfully away from a slower
estimate.

As discussed previously, moving-average rules and fast—slow
crossovers are among the oldest and most widely used technical
trend rules. Brock—Lakonishok—LeBaron (1992) evaluated both
moving-average and trading-range-break rules as canonical technical
strategies. Their continuing relevance in systematic futures research
reflects several practical virtues: the rules are transparent, can
be computed consistently across markets, and provide an explicit
mechanism for filtering high-frequency price variation.

The distinction from return-based momentum is subtle but important.
A trailing-return signal asks, “What was the net price movement over
the selected interval?” A moving-average signal asks, “Where is price
relative to a smoothed estimate of its recent path?” The two questions
frequently produce similar directional conclusions in a sustained trend,
but they need not react at the same time during reversals, range-bound
markets, or abrupt price jumps.

4.3.1 Smoothing as an Estimation Choice

A moving average can be understood as a low-pass filter. In engineer-
ing terms, a low-pass filter allows slowly changing components of a
series to pass through while attenuating rapid fluctuations. Applied
to futures prices, the intended slowly changing component is the direc-
tional trend; the attenuated component includes some mixture of daily
noise, temporary liquidity effects, bid—ask variation, contract-specific
disturbances, and short-lived reversals.

This language should not be interpreted too literally. Financial prices
do not separate neatly into a stable trend plus independent measure-
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ment noise. A sharp one-day move may be noise, the beginning of a
major trend, a policy announcement, or a repricing of economic fun-
damentals. The moving average does not know which interpretation
is correct. It simply imposes a rule: recent price changes should influ-
ence the trend estimate, but their influence should be spread across a
chosen historical window.

Let P;, be the price used for the continuous futures series of instru-

ment i. For a moving-average window of n observations, let Mi(,?) de-
note the smoothed price estimate. The exact weighting scheme may be
simple, exponential, or otherwise specified, but the core design choice
is the same: n controls the memory of the estimator.

A shorter averaging window gives greater influence to recent prices. It
is more responsive, but it also changes more often. A longer window
changes gradually and filters more short-lived fluctuations, but it nec-
essarily reacts later to genuine turning points. This lag is not an imple-
mentation error. It is the price paid for smoothing.

The relevant question is therefore not whether a moving average “lags”
the market. Every trend estimator based on historical data does. The
relevant question is whether the amount and form of lag are appropri-
ate for the program’s intended horizon, trading costs, and tolerance for
false directional changes.

4.3.2 Price Distance from a Moving Average

The price-versus-average rule considered earlier can be expressed as
a signed distance between the current price and a smoothed reference
level. A raw proportional distance is

Py — MY

it

(n) _

it

When dg';) > 0, price is above its smoothed reference level; when it is
negative, price is below that reference level. The raw distance provides
more information than a simple above-or-below classification. A price
only marginally above its moving average may indicate weak positive
evidence, whereas a price far above its moving average may indicate
stronger upward displacement.
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For futures research, it is often more convenient to work in log-price
terms:
a7y =log(P,.) —log (M)

The log formulation is approximately equal to the proportional differ-
ence for small values, while making the comparison less dependent on
the nominal price level of the contract. A one-point difference has a
very different meaning for a futures contract trading near 100 than for
one trading near 10,000; a log or proportional measure avoids treating
those nominal units as economically comparable.

The raw distance still cannot be used directly as a cross-market fore-
cast. A 3% divergence from a moving average may be exceptional in
one market and ordinary in another. A continuous moving-average
forecast should therefore be expressed relative to an estimate of the
instrument’s normal price variability:

d(”)
f = A(d) ’

it

where 5! t) is a historical scale estimate for the distance measure, or

an equlvalent volatility-based quantity selected consistently across the
trading universe.

This transform gives the forecast an intuitive interpretation: it mea-
sures how far the market is from its smoothed reference level relative to
the usual variation in that relationship. The standardized forecast map-
ping and output limits are applied after this raw signal has been calcu-
lated. The moving-average model supplies directional evidence; the
broader forecast architecture determines how that evidence becomes
comparable across instruments.

4.3.3 Fast—Slow Crossovers as Relative Trend Es-
timates

A fast—slow crossover compares two smoothed estimates of the same
price series rather than comparing the current price with a single
smoothed estimate. Let
uD
it
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be a fast moving average with a shorter memory and let
be a slow moving average with a longer memory, where f < s. The raw

/S f 7‘ 1 s
C; ) — 7‘11(’ ) i(’ )

A positive spread means that the more responsive estimate lies above
the slower estimate. A negative spread means that it lies below. The
familiar binary crossover rule uses the sign of this spread. For forecast
engineering, the continuous spread is generally more informative:

o) log (Mi(m ~ log (Mi(;))
it = .

~(c)
O, ¢

The numerator measures the separation between a recent-price esti-
mate and a slower baseline. The denominator places that separation
on a comparable scale. The resulting signal can be positive or negative
and can change gradually as the two averages converge or diverge.

This formulation clarifies why a crossover is not simply a different no-
tation for a trailing return. The fast average and slow average apply
different weighting profiles to historical prices. Their difference is a
comparison between two views of the recent past:

» The fast average represents a relatively current estimate of the
prevailing price level.

« The slow average represents a more persistent baseline that is
less influenced by recent movement.

» The spread between them measures whether recent price behav-
ior has become meaningfully different from that baseline.

In a persistent advance, the fast average typically rises above the slow
average and may remain there while the trend continues. In a persis-
tent decline, the relationship reverses. During a range-bound market,
repeated small crossings can occur as neither estimate gains durable
separation from the other.
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This explains the characteristic behavior of crossover systems. They of-
ten enter a new trend later than a highly reactive return-based measure
because the faster average must first move sufficiently away from the
slow average. Once positioned, however, the slow component can pre-
vent the signal from reacting to every small retracement. The system
deliberately demands some persistence before treating a price move-
ment as a change in the estimated trend.

4.3.4 The Geometry of Lag

Lag in a crossover signal arises from two sources. The first is the
smoothing within each moving average. The second is the requirement
that the fast and slow estimates move far enough relative to one an-
other for the crossover spread to change sign or reach a meaningful
magnitude.

Suppose a market has been declining for an extended period. Both the
fast and slow averages will eventually fall, with the fast average nor-
mally responding first. If the market then begins a sustained recovery,
the current price may rise immediately, the fast average may rise soon
afterward, and the slow average may continue declining for some time.
A positive crossover occurs only after the more recent price history has
become sufficiently stronger than the older history embedded in the
slow average.

This sequence has two consequences:

1. A crossover can avoid reacting to the first small rebound within
an established downtrend. This can reduce unnecessary rever-
sals when the rebound fades.

2. A crossover can also miss part of the initial move when the re-
versal is genuine and rapid. The lost early return is the cost of
confirmation.

The appropriate amount of confirmation depends on the economic
role of the signal. A faster model may be justified where the program
seeks early adaptation and can trade efficiently. A slower model may
be preferable where turnover is expensive or where the objective is to
capture only broader directional moves. Neither choice is superior in
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isolation; both should be assessed against gross and net performance,
drawdown behavior, turnover, and stability across markets.

It is useful to distinguish signal lag from execution lag. Signal lag is
the delay created by the estimator itself: the moving-average windows
require time to reflect new prices. Execution lag is the delay between
observing a forecast and obtaining a tradable position. A backtest that
assumes immediate execution at the same price used to compute the
moving average can understate total delay and overstate realized per-
formance.

4.3.5 Window Lengths and Parameter Relation-
ships

The fast and slow windows should not be treated as two independent
knobs to optimize over a large grid. Testing every possible pair of win-
dows can produce a visually impressive surface of historical results, but
much of the apparent detail is usually not economically meaningful.
Adjacent parameter pairs often generate highly correlated forecasts,
while the best in-sample point may simply reflect noise.

A more robust research approach begins with broad design regions:

« Fast component: a window short enough to recognize mean-
ingful changes in direction;

+ Slow component: a window long enough to represent a persis-
tent baseline;

« Window ratio: a separation between the two that creates a
genuine distinction in speed rather than two nearly identical
smoothers.

The ratio s/ f is often more informative than either window considered
alone. If the fast and slow windows are very close, their difference
can be small and unstable. The resulting spread may change sign fre-
quently without representing a meaningful change in underlying mar-
ket behavior. If the slow window is extremely long relative to the fast
window, the model may become so inert that it responds only after
much of a new trend has already occurred.
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Parameter stability should be evaluated in neighborhoods rather than
at isolated points. If a rule appears attractive only for one exact pair
of windows but deteriorates sharply for modestly nearby choices, the
result is unlikely to be robust. A useful moving-average specification
should usually exhibit similar broad behavior across a reasonable re-
gion of nearby parameter values, even if no two choices produce iden-
tical returns.

This does not mean all parameters are interchangeable. A 10-day/40-
day crossover and a 100-day/400-day crossover are designed to cap-
ture different speeds of market behavior. It means that the researcher
should prefer an economically coherent region of specifications over a
narrowly optimized pair selected because it produced the best histori-
cal Sharpe ratio.

4.3.6 Simple and Exponentially Weighted Aver-
ages

The choice between simple and exponential moving averages affects
the weighting of historical prices. As introduced earlier, a simple mov-
ing average assigns equal weight to all observations in its window. An
exponential moving average assigns greater weight to recent observa-
tions while retaining a decaying influence from earlier data.

For a given nominal horizon, an exponential average will generally re-
spond more rapidly to a new price move than a simple average because
recent observations receive greater weight. This responsiveness can be
desirable, but it should not be assumed to be superior. The comparison
is not between a modern and an outdated technique; it is between two
different memory structures.

A simple moving average has a clearly bounded window. Once an ob-
servation leaves the window, it has no remaining influence. An expo-
nential average decays smoothly and does not have a hard cutoff. Con-
sequently, matching a simple window of n days to an exponential de-
cay parameter is not exact. Researchers should compare the effective
responsiveness of the resulting signals rather than relying solely on la-
bels such as “50-day” or “200-day.”

For institutional research, the main requirement is consistency. The
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same averaging convention should be used across the relevant instru-
ment universe unless there is a documented and economically justified
reason to do otherwise. Mixing conventions opportunistically across
markets makes it difficult to determine whether differences in perfor-
mance arise from market characteristics or from inconsistent model
design.

4.3.7 Continuous Forecasts Are Preferable to
Trade Triggers

A fast—slow crossover is often described as a trade trigger: buy when
the fast average crosses above the slow average and sell when it crosses
below. That description is operationally convenient but incomplete
for a multi-asset CTA program. A pure trigger produces only a state
change. It does not distinguish a barely positive crossover from a wide
and persistent separation between the averages.

The continuous crossover spread retains this distinction. A small pos-
itive spread can correspond to a modest long forecast; a larger posi-
tive spread can correspond to stronger long conviction. This allows
the forecast layer to express the changing quality of the trend without
converting every small movement into a full position reversal.

A continuous forecast also makes moving-average signals compatible
with the common forecast language used elsewhere in the program.
The following sequence is conceptually clean:

price history — fast and slow averages — scaled crossover distance
— standardized forecast.

The moving-average calculation is responsible for estimating direction
and local trend separation. The later normalization process is respon-
sible for making that estimate comparable with forecasts from other
markets and signal families. The eventual position-sizing layer is re-
sponsible for converting comparable directional conviction into an ex-
posure consistent with the portfolio’s risk objectives.

Keeping these stages separate prevents a common modeling error:
treating a moving-average crossover as if it were already a complete
trading system. It is not. It is an estimator of trend direction and
strength. It becomes a tradable component only after its outputs are
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calibrated, bounded, and translated through the portfolio’s risk frame-
work.

4.3.8 Futures Data and Roll Consistency

Moving-average signals are particularly sensitive to the continuity of
the underlying price series because they operate on price levels rather
than solely on one-period returns. A contract roll that creates an ar-
tificial jump in the continuous series can distort both price-versus-
average distances and fast—slow spreads.

For example, suppose a futures series is rolled from one contract
month to another at a higher quoted price because of the term struc-
ture, not because of a sudden change in the economic value of the un-
derlying asset. If the roll adjustment is inconsistent, the moving av-
erage may interpret the mechanical jump as a genuine upward price
movement. A fast average can react more quickly than a slow average,
creating a spurious positive crossover.

The data construction used for moving-average research should there-
fore be aligned with the trading and return conventions of the broader
program. At minimum, the researcher should verify the following:

« Price history is adjusted or constructed consistently across con-
tract rolls.

« The rule used to select the active contract does not rely on future
liquidity or open-interest information.

« Missing settlements and exchange holidays are treated consis-
tently across markets.

» Any price corrections or revised vendor observations are handled
according to information available at the historical decision time.

 The signal warm-up period contains enough valid observations
to initialize both the fast and slow estimators.

The warm-up requirement is easily overlooked. A slow moving average
cannot be meaningfully estimated at the beginning of a series without
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sufficient historical observations. Backtests that populate early aver-
ages with partial windows, future data, or undocumented defaults can
create biased initial signals. A clean implementation either begins trad-
ing only after the necessary history exists or uses a documented initial-
ization procedure that does not use future observations.

4.3.9 Whipsaws, Costs, and the Limits of Smooth-
ing

Smoothing does not eliminate whipsaws. It changes their form. A very
fast crossover may repeatedly reverse when prices fluctuate around a
stable level. A very slow crossover may avoid many small reversals but
incur larger losses before recognizing a sustained turn. The strategy de-
signer is choosing where to accept the cost of being wrong: in frequent
small reversals, in delayed exits, or in some combination of both.

The relevant evaluation should include more than the average return of
the signal. For each parameter region, the researcher should examine:
« forecast-change frequency and sign-change frequency;

« gross and estimated net returns after realistic implementation
costs;

average holding periods and trading concentration during
volatile markets;

« performance in persistent trends, range-bound periods, and
abrupt reversals;

sensitivity to modest changes in fast and slow windows;

consistency across asset classes rather than dominance by a small
subset of markets.

A moving-average rule that appears attractive before costs but requires
frequent reversals may not be viable after costs. Conversely, a slower
rule with lower gross responsiveness may offer a more durable net
profile if its lower turnover is economically meaningful. The decision
should be based on a coherent estimate of tradable performance rather
than on gross backtest statistics alone.
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Moving-average and crossover signals thus provide a distinct family
of trend estimators. Their central contribution is explicit smoothing:
they estimate directional conditions by comparing current or recent
price levels with a slower-moving baseline. This makes their lag, noise
filtering, and parameter dependence visible and researchable. The
next signal family takes a different approach, replacing continuous
smoothing with threshold-based confirmation through price extremes
and channel boundaries.

4.4 Breakout, Channel, and Convex
Trend Signals

Moving-average models estimate trend by continuously smoothing
price history. Breakout and channel rules use a different logic: they
wait for price to cross a historically meaningful boundary. The result-
ing forecast is event-driven. It does not change simply because price
has drifted slightly upward or downward; it changes when price estab-
lishes a new extreme relative to a specified historical range.

This feature gives breakout models a distinctive role in a trend-
following program. They are designed to demand confirmation before
adopting a directional view. A market may rise for several days
without generating a long breakout forecast if it remains inside its
prior trading range. Once it exceeds the relevant upper boundary,
however, the rule treats that event as evidence that the prior range
has been overcome.

Trading-range-break rules were among the technical strategies exam-
ined by Brock et al. (1992), providing an early academic foundation for
channel-based trend systems. Donchian channels remain a canonical
implementation: the upper channel is based on the highest price over a
selected lookback period, and the lower channel is based on the lowest
price over the same period.

The central trade-off is direct. A breakout rule can avoid responding to
small fluctuations inside an established range, but it will usually enter
after a directional move has already begun. The model accepts delayed
participation in exchange for a higher threshold of trend confirmation.

262



4.4. BREAKOUT, CHANNEL, AND CONVEX TREND SIGNALS

4.4.1 Channel Boundaries and Information Tim-
ing

For instrument ¢, define an upper channel and lower channel using the
prior N observations:

(N)

Ui,tfl = maX{Pi,t_N, Pi,t—N+1a ey Pi,t—1}>
(N) :

Li,t—l = mln{PZ-,t,N, Pi,thqua ey Piytfl}.

The use of ¢t — 1 is deliberate. The channel is constructed from prices
known before the current observation P, ; is evaluated. A long break-
out occurs when

N
Pi,t > Ui(,t—)17
and a short breakout occurs when

Py <L
Including P, ; inside the channel used to test P; , would create a log-
ical error. The current price would become part of the boundary it
must cross, making the test less meaningful and potentially introduc-
ing an implementation mismatch. In a live system, the channel must
be known before the trade based on it is placed.

A channel signal therefore compares the current market level with an
extreme from a fixed historical reference set. This differs from time-
series momentum, which summarizes cumulative return over an inter-
val, and from moving-average rules, which compare smoothed price
estimates. All three families can agree during a persistent trend, but
they respond to different aspects of the historical path.

4.4.2 Breakouts Are State Transitions, Not
Merely Comparisons

A raw channel comparison can be written as a three-state directional
indicator:
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+1, P> Ui(,]tvjl7
557]:) =< -1, Pi,t < Lq(iyll’

(N) (N)
0, Li,t—l < PM < Ui,t—l'

This representation is useful for describing the event itself, but it is not
usually sufficient as a complete trading-state specification. Once along
breakout has occurred, a trend strategy commonly remains long until
an exit condition is met. It does not necessarily return to a neutral state
merely because price falls back inside the original entry channel on the
following day.

A channel strategy is therefore often implemented as a state machine.
Let g; ; represent the directional state of the breakout model:

gt € {-1,0,+1}.

The transition logic distinguishes entries from exits. A simple long-side
structure can be described as follows:

o If qit—1 <0 and Pi,t > U’L(’Jt\qu”y) then Qi,t = +1.

e Ifg, 1 =+land P, < Lgiﬁ“) then ¢; ; = 0.
 Otherwise ¢; ; = ¢; ¢—1.

An analogous set of conditions governs short entries and exits. The key
point is that the model has memory. Its current action depends both
on the present price relative to a boundary and on whether the strategy
is already long, short, or neutral.

This state-dependent structure explains why channel rules can have
long holding periods despite being based on discrete events. After
a breakout establishes a position, the model may remain inactive for
many days because no opposing threshold has been crossed. The ab-
sence of trading is itself meaningful: the price path has not produced
sufficient evidence to alter the existing directional assessment.
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4.4.3 Entry—Exit Asymmetry

A common design uses a longer lookback for entry than for exit:

Nentry > Newit~

For example, a long position may be established only when price ex-
ceeds the highest level observed over a relatively long historical win-
dow. Once long, the position may be exited if price falls below the low
of a shorter trailing window.

The rationale is practical. A long entry threshold demands substantial
evidence that price has escaped its previous range. After entry, the
shorter exit channel allows the strategy to respond more rapidly if the
new trend fails. The strategy is therefore deliberately asymmetric:

« Itis comparatively patient before committing to a new directional
position.

« It becomes more responsive once capital is exposed to a possible
reversal.

This asymmetry is not a free improvement. A fast exit threshold can
reduce losses following failed breakouts, but it can also remove the po-
sition during ordinary pullbacks within a profitable long-term trend. A
slow exit threshold can retain exposure more effectively during noisy
trends, but it may surrender more accumulated profit when a reversal
occurs.

The entry and exit windows should be selected as a coherent pair. Test-
ing a large grid of arbitrary combinations is likely to produce an attrac-
tive in-sample result somewhere in the parameter space. More infor-
mative research asks whether the strategy behaves reasonably across
neighboring window choices, whether its turnover is compatible with
trading costs, and whether its performance is supported by many mar-
kets and periods rather than by a narrow set of historical episodes.
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4.4.4 Thresholds, Buffers, and False Breakouts

A false breakout occurs when price crosses a channel boundary but fails
to continue in the indicated direction. These events are inevitable. A
channel rule is not a forecast of certainty; it is a decision rule that ac-
cepts some number of small losses in exchange for participation in the
minority of cases that become sustained directional moves.

The basic channel threshold can be widened with a buffer. For an up-
side breakout, the entry condition becomes

Pi,t > UZ(’Itv_)l + bi,t7

where b; ; is a positive buffer. A scale-aware form may define the buffer
as

bii = k0 Py,

where 7, ; is a volatility estimate expressed in proportional terms and
k is a chosen multiplier. The model then requires the current price to
exceed the historical high by more than a normal fluctuation.

A volatility buffer can reduce trades caused by insignificant marginal
breaches. It also delays entry into genuine trends. The design question
is not whether a buffer improves the hit rate in isolation. A larger buffer
may produce fewer false breakouts but also miss more of the profitable
early portion of sustained trends. The relevant comparison is the full
net distribution of outcomes after transaction costs, gaps, slippage, and
the loss of foregone participation.

Other methods of controlling false breakouts include:
« requiring the breakout to persist for more than one observation;

« requiring a close beyond the channel rather than an intraday high
or low;

+ using separate confirmation and execution rules;

« imposing a minimum time between repeated entries after a re-
cent exit;
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« widening the entry channel while retaining a distinct, faster exit
channel.

Each modification changes the economic character of the strategy. Re-
quiring several confirmations, for example, transforms a one-day es-
cape from the channel into a persistence test. It may be sensible, but it
should be described as such rather than presented as a purely technical
refinement.

4.4.5 From Binary Breakouts to Continuous
Forecasts

A binary breakout state is a natural representation of threshold logic,
but the forecast framework developed earlier can accommodate a con-
tinuous channel-based score. One approach measures the signed dis-
tance from the relevant channel boundary:

Py N
log (U(N) ) Py > Ui(,t217

it—1
(N)
it = P
* 10g (1\/15 ’ Pi,t < ng,\fflla
it—1
N N
0, Lz(',tzl < Pi,t < Ui(,t21-

The score is positive above the upper channel and negative below the
lower channel. It is zero while price remains inside the channel. To
make the distance comparable across instruments, it can be scaled by
a volatility estimate:

~ aty
N i,t
fi(,t = it

Oit

This continuous formulation preserves the event-driven nature of the
model: there is no directional score until price has crossed a channel.
Once the event occurs, however, the magnitude of the breach can in-
form the strength of the raw forecast.
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A researcher should be cautious about assuming that a larger channel
breach always deserves proportionally larger exposure. A price that is
far beyond its recent range may indeed signal a powerful trend. It may
also reflect a one-off gap, a contract-roll artifact, an illiquid settlement,
or a price dislocation that cannot be traded at the observed level. The
raw distance is information, not a direct instruction to increase portfo-
lio risk without limit.

4.4.6 Convexity in Trend Signals

The term convex is used in trend-following practice in two related but
distinct ways.

First, it describes the typical payoff aspiration of a threshold trend
strategy. The strategy aims to accept numerous limited losses from
failed breakouts while retaining exposure to the less frequent, poten-
tially larger gains associated with sustained trends. This payoff pattern
resembles a convex profile in the intuitive sense that outcomes need
not be symmetric: the strategy can be wrong repeatedly in small ways
and still benefit materially when a large directional move persists.

This is not the same as owning an option with guaranteed positive
gamma. A futures breakout strategy can lose substantially, can expe-
rience prolonged drawdowns, and can be harmed by gaps or rapid re-
versals. Its convexity is an empirical and behavioral aspiration arising
from its entry and exit rules, not a contractual property of the instru-
ment.

Second, convexity refers to the nonlinear mapping from a raw trend
measure into a forecast. A purely linear transform would allow forecast
magnitude to increase without bound:

linear __ _ f
it = afit

A saturating transform instead increases rapidly near zero but more
slowly for very large signals. One example is

sat _ panh ( 2t
7, F )
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where F is the maximum forecast magnitude. For small values of fi’t,
the hyperbolic tangent is approximately linear. For large values,

tanh(z) > 1 (z — 400),

and

tanh(z) - -1 (z = —o0).

The forecast therefore approaches its positive or negative limit rather
than becoming arbitrarily large.

This type of saturation has an economic rationale. Lempériéere et al.
(2014) report a saturation effect for large trend signals, suggesting that
the incremental value of increasingly extreme trend measurements
may diminish. In practical terms, a market that has moved far be-
yond its recent channel may justify a strong directional forecast, but it
does not necessarily justify unlimited additional conviction. The final
chapter section develops the general scaling and capping architecture;
within a channel model, the important point is that threshold breaches
and forecast magnitude need not be related linearly.

4.4.7 Turnover and Trade Distribution

Breakout models often have lower day-to-day forecast turnover than
continuously varying signals because the state can remain unchanged
for extended periods. Yet this should not be confused with universally
low trading costs. Their realized trading pattern can be concentrated
around volatile turning points, precisely when liquidity may be poor
and price gaps may be large.

Compared with smoother estimators, channel rules commonly exhibit
several differences:
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Dimension

Channel or breakout sig-
nal

Smoothed return or
moving-average signal

Forecast change

Often changes at discrete
boundary-crossing events

Can vary gradually as returns
accumulate  or  moving-
average distances change

Entry behavior

Requires a new high, Tow, or
boundary escape relative to
the selected window

May respond before a prior
extreme is exceeded if direc-
tional evidence strengthens

Holding behavior

Can maintain a stable di-
rectional state until an exit
threshold is crossed

Exposure can decline progres-
sively as the underlying esti-
mator weakens

Whipsaw pattern

Often  produces distinct
failed-breakout losses near
range boundaries

Often produces repeated
small forecast adjustments or
reversals in choppy markets

Execution risk

Can  concentrate  trades
around gaps, break events,
and stressed liquidity condi-

May distribute trading more
evenly, though fast specifica-
tions can still trade heavily

tions

The central performance question is not whether a channel rule trades
more or less often than another trend model. It is whether its trade
distribution is economically attractive after costs. A rule that has low
average turnover but consistently enters after large price gaps may be
harder to implement than a smoother rule that trades somewhat more
frequently under normal liquidity conditions.

For this reason, breakout research should record more than average
turnover. Useful diagnostics include the frequency of entry events, the
average and maximum gap between signal observation and feasible ex-
ecution, the distribution of holding periods, the proportion of trades
that reverse within a short interval, and the contribution of the largest
winning trends to total performance.

4.4.8 Implementation Considerations for

Futures Channels

Channel calculations depend on price extremes, making them particu-
larly sensitive to data quality. A single bad settlement can become the
upper or lower boundary for many subsequent observations. Futures
data must therefore be checked for erroneous spikes, stale prices, limit
moves, and inconsistent roll adjustments before channel signals are
trusted.

Several implementation details deserve explicit treatment:
« High, low, or settlement input. A channel based on intra-
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day highs and lows can react differently from one based only on
daily settlements. Intraday extremes may better capture actual
boundary penetration, but they can also be less reliable and may
not correspond to executable prices.

« Contract-roll construction. Since channel rules use price lev-
els and extrema, mechanical jumps at futures rolls can create arti-
ficial breakouts. The continuous series used for signal generation
should follow the program’s documented roll-adjustment policy.

« Trade timing. A close-based breakout forecast generally can-
not assume execution at the same closing price. The backtest
must specify whether the position is entered at the next open,
next settlement, volume-weighted benchmark, or another feasi-
ble price.

« Limit and gap risk. A breakout can occur precisely when a
market is moving rapidly. If the market opens beyond the chan-
nel after an overnight gap, the realized entry may be materially
worse than the threshold level.

« Missing observations. If the price series is incomplete, the
program must specify whether the channel is carried forward, re-
calculated from the available history, or treated as unavailable.
Silent substitution can distort the meaning of an extreme-based
rule.

Channel and breakout signals offer a disciplined alternative to contin-
uously varying trend estimators. They identify trend through the over-
coming of prior boundaries, maintain a directional state until contrary
evidence appears, and naturally produce a trade distribution centered
on confirmation and persistence. Their apparent simplicity should not
obscure their design choices: channel length, entry—exit asymmetry,
confirmation rules, volatility buffers, nonlinear forecast transforms,
and executable timing each determine how the abstract breakout idea
behaves in a managed-futures portfolio.

271



CHAPTER 4. FROM FORECASTS TO TRADABLE POSITIONS

4.5 Regression, Filtering, and Statistical
Trend Estimation

The rule-based models developed so far infer trend from direct trans-
formations of market history: trailing returns, moving-average dis-
tances, or channel breaches. Statistical estimators take a more explicit
approach. They treat the observed price path as incomplete evidence
about an underlying directional component and attempt to estimate
that component with a specified statistical model.

Asnoted in the earlier discussion of statistical trend estimation, this ap-
proach offers an appealing conceptual distinction. The observed price
is not automatically equated with the trend. Instead, the model sep-
arates the price path into components that are treated as persistent,
temporary, or noisy according to explicit assumptions.

That additional structure can be useful. It can produce a slope estimate,
a measure of residual variation around the estimated path, or a sequen-
tial estimate of an unobserved trend state. It can also create an illusion
of precision. A model with more parameters, a smoother fitted line, or
an elegant state-space representation is not necessarily a better trading
model. The estimator is only as reliable as its assumptions, calibration,
data construction, and live implementation.

The practical purpose of regression and filtering methods is therefore
not to replace simple trend rules by default. It is to provide alternative
estimators whose assumptions are visible, testable, and comparable
with the simpler families already considered.

4.5.1 Trend as an Estimated Component

A useful starting point is to write the observed log price as
Yie = log(Pi).

A statistical trend model represents this observed value as
Yit = Tit + i,

where
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* ;. is the model’s estimate of the latent trend component;

* ¢; ¢ is the remaining variation not assigned to trend.

The word latent means that 7; , is not directly observed. The market
provides prices, settlements, intraday highs and lows, and returns. It
does not provide a separate series labeled “true trend.” The estimated
trend is therefore model-dependent. Different assumptions about per-
sistence, noise, and adjustment speed can generate different latent-
trend estimates from the same price history.

This differs from a moving average in emphasis, though the two can
behave similarly. A moving average specifies a weighting rule directly:
recent prices receive one set of weights and older prices receive another.
A statistical filter specifies a probabilistic or structural model for how
the latent state evolves and how observed prices relate to that state.
The implied weighting of past observations follows from the model pa-
rameters.

The distinction matters because it makes the assumptions explicit. If
a model estimates trend very slowly, the researcher should be able to
identify which persistence or noise assumption produces that behavior.
If the estimate responds abruptly to new prices, the researcher should
be able to determine whether that responsiveness arises from a belief
that the trend itself changes rapidly, a belief that observed prices are
highly reliable, or both.

4.5.2 Rolling Regression as a Local Slope Estima-
tor

The most accessible statistical trend estimator is a rolling regression of
log price on time. Over a window of N observations, estimate

Yit—j = Ot + Pitd + i i—j, j=0,1,...,N -1

The slope coefficient 3; , is the estimated average log-price change per
observation over the selected window. A positive value indicates an
upward fitted path; a negative value indicates a downward fitted path.
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The estimated slope can be written in ordinary least-squares form as

N-1,. _
Zj:o (] —7) (yi,t—j - yi,t)
N—1,. =\ 2
Zj:o (4—17)
where j is the average time index in the window and ; , is the average
log price over that same window.

Bie =

)

A trailing return and a regression slope both summarize direction over
a historical period, but they are not identical:

« A trailing return depends only on the difference between the be-
ginning and end of the window.

« A regression slope uses every observation in the window and fits
the straight line that best summarizes the full path in a least-
squares sense.

« A price path that rises steadily tends to produce a positive slope
with relatively small residuals.

« A path that ends higher but oscillates sharply may have a similar
trailing return but a less stable fitted trend.

The regression therefore adds information about the path around the
endpoint-to-endpoint move. It does not prove that the fitted slope is
economically more predictive. It simply provides a different estimate
of directional persistence.

A raw slope is not directly comparable across instruments or windows.
A slope of 0.001 log-price units per day may be meaningful for one mar-
ket and negligible for another. One approach is to scale the slope by the
standard deviation of the regression residuals:

N-1
Ou,it = m )
j=0
and form a slope-strength statistic,
slope __ Bi,t
Zi,t = .
Ou,i,t
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A more formal version uses the estimated standard error of the slope:

tslope o Bi,t

Y sE(Bu)

The statistic ¢;;”° measures the estimated slope relative to its regres-
sion uncertainty under the assumptions of the fitted model. It should
not be interpreted uncritically as a probability that a trade will be
profitable. Financial returns can exhibit serial dependence, changing
volatility, jumps, and residual distributions that differ materially from
the assumptions underlying a textbook regression standard error. Its
more limited use is as a scale-aware measure of whether the fitted di-
rectional path is large relative to the noise around that path.

4.5.3 The Strength and Weakness of Straight-
Line Fits

A rolling linear regression makes a strong geometric assumption: over
its estimation window, the relevant trend is approximately linear in
log-price space. This can be useful when markets move persistently in
one direction. It can be misleading when a market experiences a sharp
reversal, a nonlinear acceleration, or a long period of range-bound be-
havior.

Consider three stylized cases:

1. Steady advance. A market rises gradually with limited retrace-
ment. A positive regression slope provides a compact and intu-
itive summary of the path.

2. Late reversal. A market rises for most of the window and falls
sharply near the end. The fitted slope may remain positive even
though the current short-term condition has deteriorated mate-
rially.

3. Range with endpoint drift. A market oscillates within a wide
range but happens to finish above its initial level. The slope may
be positive, but the residual variation can be large and the esti-
mate may have limited practical stability.
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The regression window governs this trade-off. A long window esti-
mates a broad directional tendency but may be slow to recognize rever-
sals. A short window reacts more rapidly but has fewer observations
and a less stable slope estimate. This is the same broad responsiveness-
versus-noise trade-off encountered in the earlier signal families, ex-
pressed through a different estimator.

Regression also introduces a subtle form of endpoint sensitivity. The
newest observation has high practical importance because it can
change the fitted line and, more importantly, it is the point at which
the forecast is evaluated. A large recent move may alter the slope
estimate sharply, especially in a short window. If the same move is
later followed by a reversal, the originally estimated slope may appear
unstable in hindsight. This is not necessarily evidence that the model
was incorrectly coded; it reflects the fact that the estimator had to
form a view before later information became available.

4.5.4 Weighted and Robust Regression

Ordinary least squares assigns equal importance to all observations in
the regression window. A weighted regression can place greater em-
phasis on recent history:

N-1
N . N2
ﬂi(ff) = arg min Z w; (Yip—j —a—p4)7,
’ a,f £ 0
J=

where w; is a nonnegative weight. A weighting scheme that declines
with age makes the fitted slope more responsive to recent develop-
ments. Economically, this says that recent observations are more in-
formative about the current trend than older observations.

This can be a reasonable assumption, but it should be stated clearly. A
weighted regression does not discover that recent data matter more;
the researcher imposes that preference through the weights. The
resulting estimate may resemble an exponentially weighted moving-
average signal, though its interpretation remains a fitted slope rather
than a difference between smoothers.

Robust regression methods can reduce the influence of unusual obser-
vations. This may be useful when a price series contains an isolated
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gap, a questionable settlement, or a roll-related discontinuity. How-
ever, robustness creates its own dilemma. Some extreme observations
are errors or transitory disturbances; others are the beginning of pre-
cisely the large trend episodes that a CTA program seeks to capture. Au-
tomatically downweighting every large observation can suppress both
bad data and valuable information.

The appropriate response is usually layered rather than purely statisti-
cal:

« correct or remove demonstrably erroneous data through docu-
mented data-quality procedures;

« construct futures series consistently around contract rolls;
« use robust estimation only when it has a clear economic purpose;

« evaluate whether the robustness rule weakens participation in le-
gitimate large trends.

4.5.5 State-Space Models and Sequential Trend
Estimates

A state-space model represents the observed price and the unobserved
trend as separate processes. In its simplest local-level form,

Yit = Mt + Eit,

Wit = Mit—1 1+ it

where
Eit ~ (Oa Rl)a Nt ~ (07 Ql)

Here, p; . is the latent level, ¢; ; is observation noise, and 7;; is the
innovation to the latent level. The parameter R; controls the amount of
variation attributed to noise in observed prices; @; controls the amount
of variation attributed to genuine movement in the latent state.

The local-level model is useful for introducing the filtering logic, but it
does not separately model a persistent directional slope. A local-linear-
trend model adds such a component:

Yit = it + Eit,
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Mit = Mii—1 + bst—1 + Mg,
bit =bit—1+ Cits

where b, , is the latent drift or slope state. The innovations 7; , and ¢; ,
govern changes in the level and slope, respectively.

This structure turns trend estimation into a sequential updating prob-
lem. At each date, the model begins with a prior estimate of the latent
state based on past information. It then observes the new price and
updates that estimate according to how surprising the observation is
and how much trust the model places in new data.

The Kalman filter provides the recursive procedure for this update. In
simplified form, the filtered state estimate is
Hig)e = Hieje—1 + Kt (yzt - ﬁi,t|t—1) ;

where

* [ii¢¢+—1 1s the predicted latent level before observing y; ;;
* Yi.t — [i¢je—1 is the forecast error or innovation;

» K, .isthe Kalman gain, which determines how strongly the state
estimate responds to the new observation.

The Kalman gain is the key intuition. If the model believes that ob-
served prices are noisy relative to the stability of the latent trend, X ,
is smaller and the filtered estimate moves gradually. If the model be-
lieves that the latent trend can change rapidly or that prices are highly
informative, K ; is larger and the estimate reacts more quickly.

Thus, the ratio of process noise to measurement noise acts much like a
speed control. Consider the quantity

Qi

R;’
An increase in @Q);/R; implies a more responsive filtered estimate. A
decrease in );/ R; implies a smoother, slower filtered estimate.

This is the statistical analogue of choosing shorter or longer moving-
average windows. The difference is that the filter describes its respon-
siveness in terms of assumptions about state evolution and observation
reliability rather than in terms of a fixed rolling window.
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4.5.6 Filtered Estimates Versus Smoothed Esti-
mates

State-space methods can produce two conceptually different outputs.

A filtered estimate uses only information available up to the current
date:

i t|t-

This is the appropriate object for a live trading forecast because it re-
spects the information set available at date ¢.

A smoothed estimate uses observations from both before and after date
t:
Hie|T T >t.

The smoother can estimate historical latent states more accurately be-
cause it benefits from later price observations. It is useful for diagnosis,
model evaluation, and understanding historical episodes. It is not a
tradable signal at time ¢.

This distinction is one of the most important safeguards in filtering
research. A historical chart based on smoothed estimates can look ex-
ceptionally clean because future observations help identify what the
trend was believed to have been. A live strategy does not have that
advantage. It must act on the filtered estimate, which is less certain
and can be revised substantially as subsequent prices arrive.

Endpoint sensitivity follows directly. In the middle of a historical sam-
ple, a smoother can use data on both sides of a date. At the latest avail-
able date, there are no future observations. Consequently, the trend
estimate near the end of a sample may behave differently from the
retrospectively smoothed history. A backtest that inadvertently uses
smoothed states to generate historical trades incorporates future infor-
mation and can materially overstate the apparent quality of the signal.

4.5.7 From Statistical Estimate to Forecast
A regression slope or filtered drift is not yet a portfolio-ready forecast.

It must be transformed into the common forecast language established
earlier in the chapter.
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For a rolling regression, a raw directional measure might be the scaled
slope:
reg __ Bi,t
it T ~daily *
Ot

For alocal-linear-trend model, the raw directional measure may be the
filtered slope estimate:

ilter __ 7>
l‘f; ter _ it
The specific scale depends on how the state-space model is parameter-
ized. In either case, the raw quantity should be standardized using only
historically available estimates of its own distribution:
Tit — Myt
Zig = ———.

)

Sit

The standardized value can then be mapped into the program’s
bounded forecast range. This sequence preserves the separation
between estimation and portfolio construction: price history —
statistical trend estimate — normalized forecast — risk-based
position.

The regression or filter determines how directional evidence is ex-
tracted. It should not implicitly determine contract count, portfolio
risk allocation, or the maximum exposure assigned to a market.

4.5.8 Comparing Estimator Families

The practical distinction among moving-average, regression, and filter-
based methods is not that one is “technical” while another is “statisti-
cal.” All are statistical transformations of historical data. The more
useful distinction concerns where assumptions enter the model.

A moving average makes a direct smoothing choice. A regression as-
sumes that a line adequately summarizes the relevant historical seg-
ment. A state-space filter assumes a particular evolution law for the
latent trend and a particular relation between latent state and observed
price. None of these assumptions is inherently more realistic in all cir-
cumstances.
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Estimator

Primary trend
representation

Main responsive-
ness control

Important limita-
tion

Moving-average dis-

Separation between

Averaging windows

Lag is implicit in

tance or crossover current or fast- and weighting ~ window choice;
smoothed price  convention price-level  distor-
and a slower price tions can arise from
baseline inconsistent futures

rolls
Rolling regression  Best-fitting linear di- Regression win-  Assumes an approx-
slope rection of log price  dow, weighting  imately linear path

over a fixed historical
window

scheme, and robust-
estimation choices

over the window;
slope can be unsta-
ble near reversals

State-space filter

Sequential estimate
of an unobserved
level or drift state

Process-noise  and
observation-noise
assumptions

Sensitive to cali-
bration and model
misspecification; fil-

tered and smoothed
estimates must not
be confused

The appropriate standard is economic and operational usefulness.
Does the more complex model improve forecast quality after
accounting for costs, parameter uncertainty, data revisions, and
live-trading constraints? Does it remain credible when estimated on
different periods and asset classes? Does it retain a clear explanation
when performance diverges from expectations?

4.5.9 Calibration Risk and Model Misspecifica-
tion

Statistical trend models are especially vulnerable to overconfidence
in estimated parameters. A rolling regression window, an exponen-
tial weighting constant, a process-noise variance, and an observation-
noise variance can all be tuned. Each additional degree of freedom
creates another opportunity to fit historical idiosyncrasies.

State-space models present a particular challenge because their param-
eters can have an intuitive interpretation while remaining difficult to
estimate robustly. A high process-noise setting may appear attractive
during periods of rapid trend reversal because the filter adapts quickly.
A low process-noise setting may appear attractive during stable trends
because the estimate is smoother and less whipsawed. Selecting the
calibration that best explains one historical regime risks embedding
that regime into the live model.

281



CHAPTER 4. FROM FORECASTS TO TRADABLE POSITIONS

Several practices reduce, but do not eliminate, this risk:

« Use parameterizations with clear economic interpretation and a
limited number of degrees of freedom.

« Test broad regions of plausible parameters rather than selecting
a single historical optimum.

+ Re-estimate parameters only according to a procedure that could
have been followed in real time.

+ Separate model-selection data from final evaluation data.

« Compare the statistical estimator with simple benchmarks, in-
cluding return-based momentum and moving-average signals.

« Evaluate filtered, tradable outputs rather than retrospectively
smoothed historical states.

The final point is critical. A filter that produces an elegant historical
latent-trend series may still provide little improvement in live forecast-
ingifits real-time estimate is unstable at the endpoint. The model must
be judged on the information that would actually have been available
when positions were formed.

4.5.10 When Additional Complexity Is Justified

A statistical trend estimator may be justified when it provides a clear
improvement that is difficult to obtain from simpler rules. Examples
include a slope estimate that captures the quality of a persistent path
more effectively than an endpoint return, or a sequential filter that
adapts its response in a stable and interpretable way as market volatil-
ity changes.

Complexity is not justified merely because the model has a richer math-
ematical vocabulary. A sophisticated filter can conceal weak assump-
tions, unstable calibration, or data-quality problems behind a smooth
estimated state. A simple trailing-return or moving-average signal can
be preferable when its behavior is transparent, its parameter sensitivity
is modest, and its net performance is comparable after costs.
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The useful role of regression and filtering methods is therefore com-
parative. They provide a disciplined way to ask whether an explicit
estimate of slope, persistence, and observation noise adds information
beyond the direct rule-based models. If the answer is yes, the result-
ing raw estimate can enter the same forecast framework as every other
signal. If the answer is no, the simpler model remains the stronger
institutional choice because it delivers similar economic content with
fewer assumptions and fewer opportunities for implementation error.
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Chapter 5

Portfolio Construction
and Program-Level
Risk Control

A forecast is only potential; a portfolio is commitment. This chap-
ter shows how a clean signal becomes capital at risk: first through
volatility, then through contract sizing, then through portfolio risk
and allocation, and finally through the practical frictions of leverage,
margin, and turnover that separate elegant research from a live CTA
program.

5.1 Volatility Estimation as the Sizing
Backbone

A trend forecast answers a directional question: should the program
be long, short, or neutral? Volatility estimation answers a separate op-
erational question: how large can that directional view be expressed
without allowing one market’s normal day-to-day movement to over-
whelm the intended risk of another?
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As discussed earlier, volatility is the common risk unit used to make
heterogeneous futures markets comparable. The implementation task
is more demanding than simply calculating a historical standard devia-
tion. Alive CTA requires an estimate that is timely enough to recognize
a genuine change in market conditions, stable enough not to create un-
necessary trading, and robust enough to remain usable through rolls,
holidays, price limits, stale observations, and abrupt shocks.

This section defines the instrument-level volatility process that will be
carried into later sizing decisions. The output is an annualized dollar-
volatility estimate for one contract of each market. It is deliberately a
market-level object: no capital allocation, covariance aggregation, or
sector budgeting is performed here.

5.1.1 The Object Being Estimated

Let P, ; denote the price of the active, tradable futures contract for mar-
ket i on day ¢, expressed in the contract’s native quote convention. For
most futures markets, the basic return used for volatility estimation is
the daily proportional price return:

Ti,t = : — 1.

Py

)

rlog —1n ( Pi,t )
;= —_
b ]Di,t—l ’

are an equally reasonable choice when returns are small, as they gener-
ally are at the daily frequency. The important operational requirement
is consistency: the return definition used in the volatility estimator
must match the price series and contract-value convention used later
in position sizing.

Log returns,

For a futures contract with multiplier M;, one contract has local-
currency notional value

Nieal = Py M;.

If the program’s base currency differs from the contract’s settlement
currency, let X, ; be the base-currency value of one unit of local cur-
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rency. The base-currency notional value is then

Ny = P M; X5 4.
If 577" is the estimated annualized return volatility, the annualized dol-
lar volatility of one contract is

>3 74 —_ ~ann
DV =P e M; X, 4| 057"

This dollar-volatility equation is the key output of this section. It esti-
mates the typical annualized fluctuation in the value of one contract,
in program base currency. A contract with a large multiplier, a high
price, a weak base currency conversion, or high percentage volatility
will have a larger dollar-volatility estimate and will therefore require
fewer contracts for a given risk instruction.

The estimate should not be confused with margin, worst-case loss, or
expected return. It is a scaling input. Initial margin reflects clearing-
house scenario analysis and may change independently of recent real-
ized volatility. A volatility estimate is also not a forecast of the next
day’s exact movement. Its purpose is narrower: to provide a reason-
ably stable estimate of the market’s currently relevant risk scale.

5.1.2 Why Estimator Choice Is a Trading Decision

Volatility is not directly observable. It must be inferred from returns,
and different estimators produce materially different trading behavior.
A very responsive estimator reduces risk quickly after a shock, but can
force a program to sell after a sharp decline or buy after a sharp rally
merely because measured volatility has risen. A very slow estimator
avoids such mechanical reactions, but can leave positions too large af-
ter the market has entered a persistently more volatile regime.

This trade-off matters especially in managed futures because volatil-
ity often clusters. Large moves tend to be followed by periods of ele-
vated variability. At the same time, a single exceptional observation
need not imply that the new level of volatility will persist. A sizing pro-
cess should therefore distinguish, as far as practical, between a lasting
change in the market’s risk environment and a transient event.

Three broad approaches are common.
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5.1.3 Rolling-window realized volatility

The simplest estimator is the sample standard deviation of the most
recent L daily returns:

1 L—-1

~dail — 2

Gl = | D (riay = Tin)?,
5 L_l ) )

=0

where
L-1
_ 1
Tit =7 E Tit—j-
Jj=0

Annualization gives .

ginn = VD,
where D is the annualization convention, commonly 252 for daily trad-
ing data.

For a medium-term trend program, a 40- to 90-business-day window
is a common practical range. A 60-day estimate, for example, is easy
to audit and has an intuitive interpretation: it asks how variable the
market has been over roughly the past quarter.

The rolling estimator has two important shortcomings. First, every
observation inside the window receives the same weight, even though
yesterday’s return may be more informative about current conditions
than a return from three months ago. Second, the estimate can jump
discontinuously when an unusually large return enters or leaves the
window. That discontinuity can create avoidable turnover even if the
market itself is calm on the rebalance date.

5.1.4 Exponentially weighted volatility
An exponentially weighted moving average (EWMA) gives more influ-
ence to recent squared returns while retaining information from older
observations. In its standard recursive form,

81'2,15 = )‘aiz,t—l +(1- )‘)Tz'z,t—la

where ) is the decay factor.
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A higher ) creates a slower, smoother estimate. A lower ) reacts more
quickly to new information. The widely used daily-data convention
A = 0.94 implies an effective memory of roughly several weeks rather
than a hard cutoff at a fixed date. It remains a useful benchmark, not a
universal optimum. The appropriate decay depends on the program’s
holding period, rebalance frequency, transaction costs, and tolerance
for volatility-driven turnover.

The use of r; ;_; rather than r; , in the EWMA recursion above is in-
tentional in a daily implementation. The volatility estimate used to
determine positions at time ¢ should rely only on information known
before the relevant trading decision. This timing convention prevents
inadvertent look-ahead bias in research and establishes a clean opera-
tional sequence in production.

EWMA volatility is usually more suitable than a short rolling window
when the program needs a continuously updating risk estimate. Its
weakness is that one extreme return can sharply increase the estimate,
particularly when the estimate had been low beforehand. A disciplined
CTA does not ignore that information, but neither should it allow a
single print error, roll artifact, or event-driven discontinuity to dictate
all subsequent sizing.

5.1.5 Blended fast and slow estimates

A practical compron}ise is to maintain both a fast and a slow estimate.
~Jas

The fast estimate, 5/ ¢*', uses a shorter memory or lower \. The slow
estimate, 55/°*, uses a longer memory or higher \.

A basic blend is
gUend = wal P+ (1—w)asr,  0<w< 1
Blending variances rather than volatilities is also defensible:

2
((/7\?7lfnd)2 —w (a_\l{ttlst) + (1 - w) (81'5,lt0w>2 )

The choice should be fixed in the research specification rather than se-
lected opportunistically after observing results.
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The fast component recognizes newly elevated risk. The slow compo-
nent prevents the program from treating every short-lived shock as a
permanent regime change. For example, a program might use a 20-day
fast estimate, a 100-day slow estimate, and a blend that gives greater
weight to the slow component under ordinary conditions. The exact
parameters are less important than the principle: the estimator should

have a documented response profile to shocks and recoveries.

Approach Main strength Main weakness Typical use
Rolling window Simple, transparent, Hard window bound- Baseline research,
and straightforward  ary; equal weighting  monitoring, and
to reproduce can make the esti- simple programs
mate stale or discon-
tinuous
EWMA Responds smoothly  Can react strongly to ~ Daily production risk

to recent volatility

an isolated extreme

estimates

changes and is  return; decay param-
simple to wupdate eter requires gover-
recursively nance

Fast—slow blend Balances shock  More  parameters  Programs seeking ro-
responsiveness with  and aless immediate  bust sizing through
stability; reduces  interpretation changing regimes
dependence on one
lookback

May underreact if
a genuine regime
change begins with
an extreme move

Data-quality protec-
tion layered onto a
primary estimator

Limits the influence
of bad data and iso-
lated distortions

Robust or capped-
return estimator

5.1.6 Return Construction Must Respect Futures
Mechanics

An apparently sound volatility formula can fail if its input returns are
poorly constructed. Futures data contain contract expiries, rolls, ex-
change holidays, limit moves, changing liquidity, and occasional ven-
dor corrections. These features are not peripheral data-cleaning de-
tails. They directly affect leverage because they enter the denominator
of later sizing calculations.

5.1.7 Use tradable return series
The return series should represent the instrument that could actually
have been held. A back-adjusted continuous series is often useful for

long-horizon signal research because it removes artificial level gaps at
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contract rolls. However, a back-adjusted price is not itself a tradable
price and should not be used mechanically to calculate current contract
notional.

A robust implementation separates two objects:

« a continuous or appropriately adjusted series for measuring eco-
nomically meaningful returns and estimating volatility;

« the current tradable contract price and multiplier for converting
the volatility estimate into current dollar risk.

The roll methodology must be identical in the backtest and live process.
If a historical series rolls five business days before first notice day, but
the live desk rolls according to volume migration or a different calen-
dar, the estimated risk and realized trading experience will diverge.

During a properly constructed roll, the change from one contract to
the next should not be mistaken for an investable market return. If
the outgoing and incoming contracts differ in price because of carry, a
naive splice creates an artificial jump. That jump can inflate estimated
volatility, trigger a reduction in position size, and then reverse after the
artificial observation leaves the sample.

5.1.8 Stale prices and non-synchronous closes

Some contracts trade actively through much of the day; others may
have limited activity around the chosen valuation time. A stale settle-
ment price can produce a sequence of near-zero returns followed by
one unusually large catch-up return. This pattern understates volatil-
ity before the catch-up and overstates it afterward.

The first defense is market-specific data validation. A return should be
reviewed when it coincides with any of the following:

+ no reported volume or an implausibly low volume;

« an unchanged settlement in a market that normally trades ac-
tively;

« a price change inconsistent with intraday data, exchange limits,
or related contract maturities;
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« a contract switch, exchange correction, or changed price conven-
tion;

« areturn that is extreme relative to the market’s own recent his-
tory.

An alert is not an instruction to delete a return. Exceptional moves are
a real feature of futures markets. The operational question is whether
the observation reflects a tradable economic movement, an expected
contract-roll effect, or a data problem. The classification, evidence,
and resolution should be recorded. A discretionary data override with-
out an audit trail is simply unmeasured model discretion.

5.1.9 Price limits and locked markets

Agricultural and some commodity futures may reach daily exchange-
imposed price limits. A settlement at the limit can understate the eco-
nomic loss that would occur if a position could not be exited, partic-
ularly when the market remains locked for multiple sessions. Con-
versely, the eventual reopening can create a very large observed return.

For sizing, the appropriate response is not to invent a return that was
never observed. Instead, the program should recognize that realized-
volatility estimates may be temporarily incomplete in a constrained
market. Conservative overlays can include a market-specific volatility
uplift, a reduction in liquidity capacity, or a temporary position cap.
These are distinct controls and should not be hidden inside the volatil-
ity estimator without documentation.

5.1.10 Robustness Features for a Tradable Esti-
mate

A production volatility process should contain explicit safeguards.
These safeguards are not intended to improve a historical Sharpe
ratio by suppressing inconvenient observations. Their purpose is to
ensure that the estimate remains interpretable and operational during
unusual conditions.
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5.1.11 Volatility floors

When realized volatility becomes exceptionally low, inverse-volatility
sizing can imply implausibly large positions. This is particularly rele-
vant in short-dated interest-rate futures, pegged or managed curren-
cies, and extended periods of quiet equity-index trading.

Define a market-specific annual volatility floor o**". The floored esti-
mate is

Giy = max (577", o™")
A floor is not a prediction that volatility cannot fall below a threshold.
It is a leverage governance rule. It states that the program will not
increase exposure beyond a specified level merely because a backward-
looking estimator reports an unusually quiet recent sample.

Floors may be set as absolute annualized percentages, by asset class, or
relative to along-run market estimate. For example, a program may set
a higher floor for a historically volatile energy future than for a highly
liquid developed-market government-bond future. A single universal
percentage is easy to administer but may be poorly aligned with the
structural differences among markets.

5.1.12 Cross-sectional shrinkage

A market’s own recent sample can be noisy, especially after a listing
change, a temporary trading disruption, or a period with few mean-
ingful observations. Shrinkage reduces dependence on a single noisy
estimate by drawing it modestly toward a prior.

Let o”""°" be a prior volatility estimate. It may be based on the market’s
long-run history, a sector median, or a carefully defined peer group. A
shrinkage estimate is
Gip = a0l + (L= )0, 0<a; <1

The shrinkage weight «; should reflect the amount and quality of avail-
able information. A mature, liquid contract with a stable return history
may receive a high weight on its own estimate. A newly introduced con-
tract or a thinly traded regional market may receive a greater weight on
the prior.
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Shrinkage does not make all markets equally risky. Rather, it prevents
a fragile short-term estimate from producing an extreme sizing out-
come. The prior must itself be governed carefully. Using a sector aver-
age can be sensible for broad stabilization, but it may be inappropriate
when a market has idiosyncratic structural risk, such as natural gas
relative to other energy contracts.

5.1.13 Shock handling without automatic overre-
action

A large return is informative, but the immediate full response of a
purely mechanical estimator can be undesirable. Consider a market
whose estimated annual volatility doubles after a single event day. If
position sizing is adjusted directly and immediately, the program may
halve its exposure after the move has already occurred. Such deleverag-
ing can be prudent when the event marks the start of sustained instabil-
ity, but it can also lock in a reduction precisely when a trend strategy’s
directional opportunity remains strong.

A useful framework is to separate estimation from implementa-
tion. The estimator should incorporate the realized move. The sizing
engine may then apply a governed response rule, such as:

et = min [3737, (1+ e)5 23]

when volatility rises, where ¢; is a maximum permitted one-period in-
crease in the volatility input. A separate, usually slower, rule can gov-
ern volatility declines:

~used ~raw (1

03" = max [oi’t , Aused} .

- Ci)ai,t—l

The asymmetric treatment is purposeful. Risk can rise quickly, so the
program should be able to reduce exposure promptly. Risk estimates
should generally fall more gradually, preventing leverage from rebuild-
ing immediately after a brief calm period. Parameters such as ¢y and
¢, are implementation choices that require testing across calm and
stressed samples; they are not universal constants.

A program may also distinguish between a broad market-wide shock
and an isolated contract event. An isolated move caused by a contract
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specification change, a verified bad print, or a predictable roll artifact
should be corrected at the data stage. A genuine exchange-wide or
macroeconomic shock should remain in the return history and should
affect the risk estimate.

5.1.14 Special Considerations Across Futures As-
set Classes

The same general framework applies across equities, rates, FX, and
commodities, but the economic interpretation of a percentage return
differs by contract.

Equity-index futures. For an equity-index future, P, ;M; typically
gives a direct and intuitive contract value. Percentage-price volatility is
usually an adequate primary input, provided that the continuous series
isrolled consistently and that index-level corporate actions are already
incorporated by the index provider.

Government-bond and interest-rate futures. For fixed-income
futures, small price changes can correspond to meaningful changes in
yield and duration exposure. Percentage-price volatility remains us-
able for contract-level dollar-volatility estimation when combined with
the correct multiplier and current price. However, programs that man-
age rates exposure with greater precision may also monitor dollar value
of a basis point (DV01). DVo1 is particularly useful as a diagnostic be-
cause contracts with similar percentage-price volatility can have very
different sensitivity to a one-basis-point yield move. The volatility es-
timate used for general sizing and the DVo1 exposure monitor should
be reconciled rather than treated as competing definitions of risk.

FX futures. For currency futures, quote conventions and base-
currency conversion require particular care. A return series may al-
ready be expressed as domestic currency per foreign currency, while
the contract’s profit and loss is settled in a different currency. The sign
and units of X; ; must be validated so that dollar volatility increases,
rather than decreases, when the base currency weakens against the
contract’s settlement currency. This is a common source of silent im-
plementation errors.

Commodity futures. Commodity contracts can exhibit seasonality,
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limit moves, inventory shocks, and large differences in liquidity across
maturities. Volatility estimation should normally use the same rolling
maturity and roll schedule used by the trading program. A front-month
natural-gas contract, a deferred crude-oil contract, and a broad met-
als sleeve may each require distinct floors, priors, and data-quality
rules. Treating all commodity contracts as interchangeable because
they share a sector label is not sufficiently precise for live sizing.

5.1.15 A Controlled Daily Estimation Process

The volatility process should be implemented as a reproducible se-
quence. The following ordering avoids common timing and data-
integrity mistakes:

+ Obtain official or otherwise approved end-of-day prices, contract
specifications, and FX conversion rates.

« Validate prices, identify contract rolls, and resolve known ex-
change or vendor corrections.

«» Construct returns using only information available at the desig-
nated decision time.

» Update the raw volatility estimator for each eligible market.

+ Apply documented robustness rules: data exclusions where jus-
tified, shrinkage, floors, and response caps.

+ Convert the final annualized return-volatility estimate into annu-
alized dollar volatility per contract using current tradable price,
multiplier, and FX rate.

« Store the inputs, outputs, overrides, and reason codes needed to
reproduce the estimate.

The distinction between a raw estimate and a used estimate should be
preserved in the data architecture. A risk manager should be able to
answer three separate questions for any date and market:

o What returns were observed?
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« What did the unmodified estimator report?

« Which governed rule produced the volatility input used for siz-
ing?

This separation improves both research integrity and live oversight. It
allows the team to evaluate whether safeguards reduce harmful insta-
bility or merely conceal a poorly designed primary estimator.

5.1.16 Illustrative Calculation

Suppose a futures contract trades at P, ; = 5,200, has a multiplier of
M; = $50 per index point, and is denominated in the program’s base
currency, so X; ; = 1. Its current contract notional is

N;+ = 5,200 x 50 = $260,000.

Assume the final governed annualized volatility estimate is 18%. The
annualized dollar volatility of one contract is

DV, = $260,000 x 0.18 = $46,300.

This number does not say that the contract will gain or lose $46,800
over the next year. Itis a standardized estimate of annualized variation
used to compare this contract with others. A bond future with a lower
notional but a similar DV i+ can be sized on a comparable risk basis;
a commodity contract with much larger dollar volatility will require
fewer contracts to express the same intended risk.

For daily monitoring, the corresponding daily dollar-volatility estimate
under a 252-day convention is

—daily  $46,800
ub V252

The daily figure is often more intuitive for operational review, while
the annualized value is convenient for stating risk targets consistently
across the program.

~ $2,948.
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5.1.17 Governance, Testing, and Failure Modes

Volatility estimation choices should be tested as part of the strategy
specification, not tuned solely to maximize historical risk-adjusted re-
turns. A backtest should evaluate at least the following:

« realized volatility relative to the estimate across normal and
stressed periods;

« leverage changes induced by the estimator;
« turnover attributable solely to volatility updates;

+ behavior around contract rolls, price-limit events, and missing
observations;

sensitivity to reasonable changes in lookbacks, decay factors,
floors, and shrinkage weights;

whether the estimate systematically lags persistent risk increases
or overreacts to isolated shocks.

Several failure modes recur in practice. Using revised data rather than
data available at the historical decision time creates a backtest that
cannot be reproduced live. Applying a continuous back-adjusted price
directly to contract notional produces incorrect dollar-risk estimates.
Allowing an estimator to fall toward zero can create excessive leverage
during quiet markets. Replacing all large returns with capped values
can make the strategy appear safer than it is. Finally, changing pa-
rameters after each difficult episode turns a rules-based process into
retrospective discretion.

The appropriate standard is not that the volatility estimate be perfect.
No estimator can reliably predict every transition from calm to cri-
sis. The standard is that it be economically coherent, timely, robust
to known futures-market frictions, and governed well enough that its
behavior is understood before capital is committed.
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5.1.18 The Instrument-Risk Output

For each eligible market 7 on each decision date ¢, the volatility engine
should deliver the following controlled inputs:

~used T/
{Pi,t; M;, Xi,ta Oit > Dvi,t}a

where
/\ wsed
DVM = |Pi,tM1',Xi,t| O',Zfe .

The first four elements are the observable and estimated ingredients.
The final element, annualized dollar volatility per contract, is the risk
unit that carries forward. It allows a forecast to be translated into a
contract-level risk instruction without confusing high price, large mul-
tiplier, currency denomination, and genuine market variability. The
next step is to use this standardized instrument-risk measure to con-
vert a desired directional exposure into an actual, discrete futures po-
sition.

5.2 Contract-Level Position Sizing

The volatility process produces an annualized dollar-volatility estimate
for one contract in each market. The next task is to combine that com-
mon risk unit with a normalized directional forecast and convert the
result into a tradable number of futures contracts.

This conversion must preserve two separate ideas:

« the forecast determines the desired direction and the fraction of
the market’s permitted risk to deploy; and

» the risk instruction determines the absolute dollar-volatility
amount associated with a full-strength forecast.

Keeping these components separate prevents a strong signal in a
volatile market from being confused with a large economic exposure,
and it prevents a quiet market from receiving excessive leverage simply
because its recent movements have been small.
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5.2.1 From a Normalized Forecast to a Dollar-
Risk Instruction

Let f; ; be the normalized forecast for market : at time ¢. Assume that
the signal has already been transformed onto a bounded, symmetric
scale:

1< fi <1

A value of f;; = 1 represents the maximum permitted long forecast
strength for the market; f; , = —1 represents the maximum permitted
short strength; and f; ;, = 0 represents no directional position.

Let R;; denote the approved annualized dollar-volatility instruction
for a full-strength position in market i. At this stage, R, ; is an input to
contract sizing. It may reflect a program rule, a market-level mandate,
or a provisional risk allowance that will later be reconciled with broader
constraints. It is not a forecast and does not depend on the sign of the
position.

The desired signed annualized dollar-volatility exposure is

*
Dy = fitRix-

For example, if a market has a full-strength risk instruction of $60,000
annualized dollar volatility and its forecast is —0.35, the desired expo-
sure is

D;"t = —0.35 x $60,000 = —$21,000.

The negative sign means short. It does not mean that the program ex-
pects a loss of $21,000. It states the desired signed risk-scaled expo-
sure to the market.

The annualized dollar volatility of one contract, carried forward from
the prior section, is

DV = |PieM; X, 4| 057",
where:

s P, is the current futures price in its quoted units;

» M, is the contract multiplier;
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« X, converts contract-currency value into the program’s base
currency;

« 07" is the governed annualized percentage-volatility estimate.

The continuous, or pre-rounding, contract target is therefore

*
. Diy fiiRix
Tt

T Sy - . Y. | sann”
DVi,t |P1,tM1Xz,t| Ui,t

The sign of n;, supplies the direction. Its absolute value gives the de-
sired number of contracts before the unavoidable discreteness of fu-
tures trading is imposed.

Equivalently, the desired base-currency notional exposure can be writ-

ten as .
N — Dy, fiiRiq
it~ ~ann ~ ~ann
' Ot 05 t

and then divided by the current base-currency notional value per con-
tract:
. N
ny, = ——————.
b P M; X

Both routes produce the same continuous target. The dollar-volatility
route is generally clearer for risk control because it makes the numer-
ator and denominator economically comparable: desired dollar risk
divided by dollar risk per contract.

5.2.2 The Economic Meaning of the Sizing Equa-
tion

This contract-sizing equation has a simple interpretation. The numera-
tor states how much dollar volatility the program wants from the mar-
ket. The denominator states how much dollar volatility one contract
contributes. Dividing one by the other gives the number of contracts
required.

Suppose two markets have identical full-strength risk instructions and
identical forecasts. If one contract in Market A has twice the dollar
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volatility of one contract in Market B, Market A receives half as many
contracts. This result holds even if Market A has a lower futures price
or lower notional value. Contract count is not an exposure measure; it
is a trading unit. Dollar volatility supplies the common scale.

The equation also makes clear why forecast scaling and risk targeting
must not be mixed. If the forecast transformation is changed from
a maximum value of 1 to a maximum value of 20, then R;, must
be changed correspondingly. Otherwise, a change in signal conven-
tion silently changes the strategy’s leverage. A robust implementation
records the forecast range, the full-strength risk instruction, and the
contract-sizing formula together in one controlled specification.

5.2.3 A Daily-Risk Formulation

Many execution and risk-monitoring processes operate in daily dollar
terms. If the annualization convention uses D trading days, define

-ann
~daily __ Ui,t
=
' vD
and il
i laeny ~daily
DVM = |Pi,tMiXi,t‘ ai,t .
For a daily dollar-risk instruction R{%"", the target is
dail
x fi,tRivt Y
nivt T —~—daily

it

The annual and daily forms are identical when the same annualization
convention is used consistently:

daily
Rir  Riy

= —daily "’
DVie DV,

A program should select one primary convention for target setting and
reporting. Using annualized targets in one system, daily volatility in
another, and an inconsistent square-root-of-time conversion in a third
is a common source of sizing errors.
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5.2.4 Contract Specifications Are Risk Inputs

The current futures price is not enough to determine the size of a po-
sition. The contract multiplier and tick value must be maintained as
controlled reference data.

For a contract quoted in price points with multiplier A/;, the base-
currency notional value per contract is

Niy = P M; X ;.

If the minimum price increment is A P;, the base-currency value of one
tick is
TickValuei)t = APleth .

Tick value does not enter the volatility formula directly when volatility
is estimated from percentage returns. It is nevertheless operationally
essential. It determines the smallest possible price-driven profit or
loss increment per contract, helps validate contract data, and informs
whether a proposed order size is economically meaningful.

Contract reference data should include, at a minimum:

Table 5.1: Contract data required for reliable position sizing

Data field Role in sizing Control consideration
Current tradable futures Determines current contract  Must correspond to the con-
price notional and dollar volatility tract that can actually be
traded
Contract multiplier Converts quoted price move-  Verify  against  current
ment into contract value exchange specifications;

multipliers can differ sharply
across related contracts

Tick size and tick value

Defines the smallest price in-
crement and associated P&L

Useful for order validation,
execution analysis, and data
checks

Settlement currency and FX
conversion rate

Converts local-currency risk
into program base currency

Quote direction must be con-
trolled and applied consis-
tently

Volatility estimate

Converts contract value into
estimated dollar risk

Must use the governed esti-
mate available at the decision
time

Contract eligibility and roll
status

Identifies the tradable matu-
rity and prevents use of ex-
pired or illiquid contracts

Must match the program’s ac-
tual roll procedure

A contract-specification error can dominate an otherwise correct
model. A mistaken multiplier of 50 instead of 5, or an inverted FX
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conversion rate, changes effective risk by an order of magnitude.
These errors are especially dangerous because the resulting positions
can still appear internally consistent if all downstream calculations
use the same incorrect input.

5.2.5 Equity-Index Futures Example

Consider an illustrative equity-index futures contract with:

P, = 5,200 index points,
M = $50 per index point,
AP = (.25 index points per tick,

X =1,
g = 18%,
D = 252.

The notional value of one contract is

N, = 5,200 x $50 = $260,000.

The tick value is

TickValue = 0.25 x $50 = $12.50.

Daily volatility is approximately

adaily _ 0.18 ~ 0.01134,

b /252

or 1.134%. Therefore, the estimated daily dollar volatility of one con-
tract is

——daily

DV, = $260,000 x 0.01134 =~ $2,948.

Suppose the market has a full-strength daily dollar-risk instruction of
$8,850 and the normalized trend forecast is f; = 0.80. The desired
daily dollar-volatility exposure is

D; = 0.80 x $8,850 = $7,080.
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The continuous contract target is

. $7,080

= ~ 2.40 contracts.
"t T 2,048

The equivalent desired notional exposure is
. $7,080
N = Gotisa

which is approximately 2.40 times the $260,000 notional value of one
contract.

~ $624,339,

This example demonstrates why notional exposure is an incomplete
measure of intended risk. A $624,339 exposure is neither intrinsically
large nor small. Its risk meaning depends on the contract’s volatility.
The same notional amount in a different futures market could imply
substantially more or less expected variation.

5.2.6 Rounding Continuous Targets into Integer
Contracts

Futures contracts are discrete. A target of 2.40 contracts cannot be held.
The program must choose an integer:

Nt € Z.

The simplest rule is nearest-integer rounding;:

n; = round (n;,).

Under this rule, a desired position of 2.40 contracts becomes 2 con-
tracts. The achieved daily dollar-volatility exposure in the equity-index
example is

pachieved _ 9 §9 948 = $5,896.

The resulting shortfall relative to the desired $7,080 exposure is
$5,896 — $7,080 = —$1,184,

or approximately —16.7%.
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Rounding upward to three contracts would produce
3 x $2,948 = $8,844
of daily dollar volatility, an excess of

$8,844 — $7,080

~ 24.9%.
$7,080 ?

Nearest-integer rounding is therefore the closer choice in this case. The
relevant comparison is not the contract-count difference of 0.40 versus
0.60 contracts; it is the resulting dollar-risk mismatch.

For a signed target, rounding must preserve direction:

n; = sign (ni‘f) round (|":t|) :

The realized risk tracking error from rounding is
erym =n; DV, — Dfy.

This error is small for liquid contracts whose desired position is many
contracts, but it can be material when a program trades expensive con-
tracts, operates at modest capital, or assigns a small risk instruction
to a market. The program should measure and report rounding error
rather than assuming that it averages away.

5.2.7 Rounding Policy Is a Governance Choice
Round toward zero. A conservative program may use

Nt = Sign(”;t) U”?t” .

This avoids exceeding the intended stand-alone dollar-risk instruction,
but systematically underinvests small targets. The effect can be severe
in contracts where one lot represents a large increment of risk.

Round away from zero. Rounding away from zero ensures that a
nonzero target becomes a nonzero position. It can improve signal par-
ticipation in small accounts, but it systematically exceeds the intended
risk target and should not be used without explicit approval.
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Threshold rounding. A program can require that the continuous
target exceed a threshold before initiating one contract:

- 0, |n;‘7t\ < T;,
1,6 — .
' sign(nj,) round(|n;,|), [n > 7,

where 7; is often between 0.5 and 1.0 contract depending on the man-
date and the instrument’s liquidity. This rule recognizes that a target
of 0.15 contracts may not justify a one-contract trade.

Current-position-aware rounding. When the current holding is
already near the continuous target, a program may choose the integer
position that minimizes a combined objective involving target error
and trading cost:

_ 2
ni; = arg melg {wR (nDVZ-_,t - D;‘_’t) +weC; (|n - n?}ltrrentD ,
n

where C;(-) is an estimated trading-cost function. This approach is
useful, but its full turnover-control implications are addressed later in
the chapter. At the contract-sizing stage, the key point is that integer
rounding is an explicit decision rule, not an incidental implementation
detail.

5.2.8 Minimum Size and Small-Account Effects

A futures contract is the minimum tradable unit. This creates a prac-
tical lower bound on meaningful market participation. If the dollar
volatility of one contract exceeds the full-strength risk instruction for a
market, then even a one-lot position will overshoot the intended risk:

l/)‘\/i,t > Ri,t~
There are only a few honest responses:

« accept the one-contract position and document the risk over-
shoot;

+ exclude the market at the current account size;
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« use a smaller contract, if a sufficiently liquid and economically
comparable version exists;

« revise the market’s risk instruction within the mandate’s permit-
ted range.

Pretending that a fractional futures position is tradable is not a solu-
tion. Small-account feasibility should be assessed before a strategy is
approved, not discovered after signals are generated.

The same issue arises when a market’s price or volatility changes mate-
rially over time. A contract that once fit comfortably within a program’s
sizing grid can become too large after a substantial price increase or
volatility regime shift. The eligibility and minimum-size review should
therefore be ongoing.

5.2.9 FX Conversion and Base-Currency Consis-
tency

For contracts denominated outside the program’s base currency, siz-
ing requires a contemporaneous FX conversion. If a contract’s P&L is
realized in local currency, the base-currency dollar volatility is affected
by both the futures contract value and the conversion rate:

F23 74 ~ann
DVi,t = |Pi7t]\/[iXi,t| Ui,t .

The absolute value in this expression reflects that volatility magnitude
is nonnegative. Direction belongs in the forecast and contract count,
not in the contract-risk denominator.

The FX rate must have a documented quote convention. For exam-
ple, if X, ; is defined as U.S. dollars per unit of local currency, multi-
plication converts local-currency contract value to dollars. If the data
vendor instead supplies local currency per U.S. dollar, the correct con-
version is the reciprocal. A program should not rely on instrument
names or vendor labels alone; it should validate the unit conversion
through an independently calculated example of tick value and con-
tract notional.

For a foreign-currency futures contract, there can be an additional nu-
ance: the underlying itself is an exchange rate. The futures price move-
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ment captures the market risk of the currency pair, while X, ; converts
the contract’s settlement-currency P&L into the program’s reporting
currency. These are separate quantities and should not be inadver-
tently double-counted.

5.2.10 Rates Futures and the Role of DVo1

For interest-rate futures, notional value is often a poor summary of
the economically relevant exposure. Two contracts can have similar
notional values but sharply different sensitivity to a one-basis-point
change in yield because their implied durations differ.

DVo1 measures the approximate dollar change in contract value for a
one-basis-point move in the relevant yield:

DVo1,, ~ ‘8(;/“ x 0.0001,

%

where V; ; is contract value and y; is the relevant yield.

For a desired signed DVo1 exposure B; ,, the continuous rate-futures
target is
B*
f,DVOl _ it
wt DVou,

Suppose a 10-year government-bond futures contract has a calculated
DVo1 of $78 per basis point per contract, and the program’s market-
level instruction is a long DVo1 exposure of $390 per basis point. The
continuous target is

«Dvor _ $390
n,’ = —— = 5 contracts.

’ $78
The DVo1 instruction answers a different question from the dollar-
volatility instruction. Dollar volatility estimates the expected variation
in contract value based on realized futures returns. DVo1 measures
local sensitivity to a yield movement. Both are useful:

« dollar-volatility sizing provides a common risk unit across all as-
set classes;
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« DVo1 monitoring prevents a rates position from accumulating an
unintended concentration in yield sensitivity.

For a diversified CTA program, the primary sizing convention should
remain consistent across markets. DVo1 is then used as a rates-specific
exposure diagnostic, constraint, or supplementary sizing dimension. It
should not be substituted for dollar volatility across equities, FX, and
commodities, where a basis-point yield sensitivity has no comparable
meaning.

5.2.11 Implementation Checks Before Positions
Are Released

Before a continuous target becomes an order instruction, the sizing en-
gine should verify the following conditions for every market:

« The forecast is valid, current, and within its approved bounds.

+ The market is eligible for trading and has an approved active con-
tract.

« The volatility estimate is available, positive, and has passed floor,
cap, and data-quality rules.

« Price, multiplier, tick size, settlement currency, and FX conver-
sion inputs are current.

+ The resulting continuous target is finite and economically plausi-
ble.

» The rounded target follows the documented integer-rounding
policy.

« The achieved dollar-volatility exposure and rounding error are
stored for review.

A useful exception report identifies targets that are unusually large in
contract count, have high percentage rounding error, rely on stale data,
or change sharply from the prior calculation. These checks do not de-
cide whether the aggregate program is within leverage, margin, or con-
centration limits. They ensure that each individual market target is
correctly formed before those later feasibility controls are applied.
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5.2.12 Sizing Output

The output of contract-level sizing is an integer target for each market:

— fiaRit
v |Py e M X | G370 )7

where Q(-) denotes the program’s approved rounding and minimum-
size rule.

Associated with that target are the achieved stand-alone risk measures:

achieved N7
Dy =n; DV,

round __ achieved *
Eit = Di,t - Di,t?

achieved
N =g B s M; X .

These outputs describe what the strategy wants to hold in each market
before real-world capital constraints are applied. The next stage tests
whether the collection of individually sensible targets remains feasible
under leverage, margin, concentration, and related exposure controls.

5.3 Leverage, Margin, and Exposure
Controls

The contract-sizing process produces integer market targets that are in-
ternally consistent in dollar-risk terms. Those targets are not automat-
ically feasible. A futures program can have a sensible volatility-scaled
position in every individual market and still exceed its balance-sheet
capacity, clearing limits, mandate restrictions, or practical ability to
fund adverse variation margin.

This section applies the feasibility layer. Its purpose is not to decide
whether markets diversify one another or to assign strategic risk across
sectors. Those questions require a covariance model and are addressed
later. The present task is narrower: determine whether the collection
of raw contract targets can be carried safely and operationally with the
capital, margin capacity, liquidity, and mandate available to the pro-
gram.
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The central principle is straightforward:

A position is admissible only if it satisfies every applicable
hard constraint and remains sufficiently inside soft limits
to allow normal market variation, margin changes, and ex-
ecution delays.

5.3.1 Risk Size, Notional Size, and Balance-Sheet
Usage

As discussed in the preceding sections, risk-scaled sizing adjusts con-
tract counts for estimated dollar volatility. This prevents high-volatility
contracts from mechanically receiving the same number of contracts as
low-volatility contracts. It does not eliminate leverage.

A futures position can have modest estimated volatility while represent-
ing alarge notional amount. Conversely, a volatile commodity contract
may have modest notional exposure but consume a substantial amount
of margin or produce large daily variation-margin swings. Three mea-
sures should therefore be monitored separately.

Notional exposure.

For an integer target N ts base-currency notional exposure is

J\/i,t = ni,tPi,tMiXi,to

The gross notional exposure across K markets is

K
gross
N = Z |72,0 P10 M X 4

i=1

Net notional exposure is

K
net __ § :
'/\[t = ni7tPi7tMiXi,t-

i=1

Gross notional measures the scale of all positions without assuming
that longs and shorts offset each other. Net notional measures the
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signed residual under a chosen aggregation convention. Both are use-
ful controls, but neither is a direct estimate of future loss.

Risk-scaled exposure.

The estimated annualized dollar volatility of a contract, DV i, ea-
sures the stand-alone variation expected from one contract. A market-
level position has stand-alone annualized dollar-volatility magnitude

|Di,t| = |nzt| DVi,t~

This quantity is appropriate for checking whether a raw position re-
mains near its intended market-level risk instruction. It does not de-
termine whether the position can be funded. A volatility target is a risk
objective, whereas margin capacity is an operational requirement.

Margin usage.

Let m;nt‘t be the initial-margin requirement per contract supplied by the
relevant clearing arrangement or broker. A conservative gross estimate
of initial margin is

1n1t

Mgross

This estimate is useful for pre-trade screening, but it is not necessarily
the actual clearing requirement. CME SPAN initial margin is scenario-
based and portfolio-based: it evaluates worst-case one-day loss using
risk arrays and includes offsets, credits, and add-ons. Consequently,
actual margin can be lower than the sum of stand-alone requirements
when recognized offsets apply, or higher when concentration, liquidity,
or other add-ons are imposed.

A prudent program uses the clearing member’s projected margin re-
quirement whenever it is available. It should not rely on anticipated
offsets as the sole source of capacity. Offsets can decline or disappear
during stressed conditions, when the program needs capacity most.
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5.3.2 Equity, Available Capital, and Margin Head-
room

Let FE; be current program equity after marked-to-market gains and
losses. The program should distinguish between equity and capital that
is genuinely available to support positions.

Define a margin reserve H, for variation-margin shocks, expected mar-
gin increases, operational cash needs, and a buffer against model error.
Available initial-margin capacity is

IMetivailable - E, — H,.

The reserve may be expressed as a fixed cash amount, a percentage of
equity, a stress-loss estimate, or a combination of these. For example,

H, = Hoperational + Hstress + Hmargin increase

The margin utilization ratio is

actual
margin __ IMt
t - )
E;

where IM2" is the best available estimate of the portfolio’s actual
initial-margin requirement after applicable offsets and add-ons.

A mandate may specify both a normal operating limit and a hard max-
imum: _
u;nargln < unormal < uhard.

The normal limit is a management threshold. Breaching it calls for
review or planned deleveraging. The hard limit is not discretionary:
new risk-increasing trades must not be released if the resulting margin

use would exceed it.

Maintaining headroom is important because futures are marked to
market daily. A strategy can remain within its long-run volatility objec-
tive while still experiencing a large short-term cash outflow. Variation
margin must be paid when losses occur. If the program has insufficient
liquid resources, it may be forced to reduce positions at an unfavorable
time, regardless of whether the underlying signals remain valid.
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5.3.3 A Basic Margin Capacity Check

Suppose the sizing engine proposes a position of 12 contracts in a mar-
ket. The current initial-margin requirement is $18,000 per contract.
Ignoring offsets and add-ons for this preliminary check, the position
requires

12 x $18,000 = $216,000

of initial margin.

Assume the program has equity of $2,000,000 and has reserved
$500,000 for variation-margin capacity, operational liquidity, and
stress contingencies. The available capacity is

IvMailble — 9,000,000 — $500,000 = $1,500,000.

If existing positions already require $1,350,000 of projected initial
margin, the remaining capacity is

$1,500,000 — $1,350,000 = $150,000.

The maximum additional number of contracts under this simplified
testis

max _ | $150,000 | _
$18,000

The raw target of 12 contracts is therefore infeasible under the stated
margin budget. The feasible target is at most 8 contracts unless other
positions are reduced, additional capital is posted, or a clearing calcula-
tion demonstrates lower actual incremental margin. The use of a floor
operator is essential: partial futures contracts cannot be posted as a
solution to a margin shortfall.

This example is intentionally simple. Actual margin capacity checks
should use current clearing data, account-level offsets, broker add-
ons, and the expected margin effect of the entire proposed trade list.
The simplified calculation remains valuable as an independent sanity
check.
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5.3.4 Why Volatility Shocks Can Create Com-
pounding Deleveraging

A volatility shock can affect a CTA program through more than one
channel.

First, the volatility estimator may rise after a sequence of large returns.
Since contract targets are inversely related to estimated dollar volatil-
ity, the risk-sizing process reduces desired positions.

Second, clearing organizations and brokers may increase initial-
margin requirements as market conditions become more volatile or
liquid markets become less reliable. This raises the cash commitment
required to maintain each remaining contract.

Third, adverse price moves can reduce equity through variation margin.
Lower equity increases the margin-utilization ratio even if the number
of contracts and quoted initial-margin requirements are unchanged.

These effects can reinforce one another:

« realized volatility rises;

» volatility-based targets decline;

+ margin per contract rises;

+ losses reduce available equity;

+ margin and exposure constraints bind more tightly;

« the program must reduce positions, potentially more quickly
than indicated by signal changes alone.

This is not a defect in volatility targeting. It is a realistic feature of
leveraged futures trading. The purpose of margin headroom and stress
reserves is to reduce the probability that the program must liquidate
positions solely because its liquidity planning assumed calm-market
margin conditions.
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5.3.5 Gross and Net Exposure Limits

Notional limits are blunt tools, but they remain useful. They protect
against errors in volatility estimates, unusually low-volatility regimes,
and balance-sheet exposures that may not be captured fully by recent
realized returns.

Define gross notional leverage as

gT0SS
8Os _ A/'t
t Et

A gross leverage limit requires

Lgl‘OSS < [,8ross,max
i < .

The limit can be applied to the entire program, to an asset class, or to
an individual market. A market-specific notional cap takes the form

Nt <N

A net exposure limit may also be imposed where economically mean-
ingful:
———~net

ot <Ny,
where g identifies a defined exposure group. The composition of any
group must be explicit. A net exposure measure is only as useful as
the economic relationship implied by its aggregation. Offsetting long
and short positions in unrelated contracts may reduce arithmetic net
notional without reducing the program’s actual vulnerability.

Notional limits should therefore be understood as balance-sheet and
governance controls, not as substitutes for a risk model. They answer
the question, “How much contract value is the program carrying rela-
tive to capital?” They do not answer, “How much could the program
lose under a particular market scenario?”

5.3.6 Market and Sector Concentration Controls

A program can become operationally concentrated even when each po-
sition was generated by the same sizing formula. Concentration arises
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when several raw targets become large at once, when a market has un-
usually low measured volatility, or when a small group of contracts con-
sumes a disproportionate share of margin capacity.

A simple market-level concentration measure uses the absolute stand-
alone dollar-volatility amount:
DV _ nit| DV

Cit = =% .
Zj:l nje| DV

A cap may require

This measure does not estimate portfolio risk; it simply prevents one
market from accounting for too large a share of the program’s gross
stand-alone risk. That distinction matters. It is a concentration
guardrail, not a diversification calculation.

Similarly, define a sector or market group ¢ as a set of contracts Z,. Its
gross stand-alone dollar-volatility amount is

GrY =" Inig| DV
€T,

A sector concentration cap can then be written as
—=DV
Gl <G, .
Parallel constraints may be applied to gross notional or initial margin:

Z |'/\[i7t| S N_‘h
1€1y,

init
E ‘ni7t|mi,t < IM,.
=

The appropriate metric depends on the purpose of the constraint. A no-
tional cap controls balance-sheet scale. A margin cap controls funding
capacity. A gross stand-alone dollar-volatility cap controls concentra-
tion in the sizing risk unit. Programs should avoid treating one metric
as a universal answer to all three concerns.
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Table 5.2: Common exposure controls and the questions they answer

Control

Primary question

Main limitation

Gross notional cap

Is total contract value too
large relative to equity?

Does not account for volatil-
ity differences or recognized
offsets

Net notional cap

Is signed exposure within a
defined economic group too
large?

Can imply false diversifica-
tion if the grouping is poorly
specified

Initial-margin cap

Can the program support cur-
rent clearing requirements?

Margin can change rapidly
and depends on clearing
methodology

Market dollar-volatility cap

Is one contract contributing
too much stand-alone risk?

Does not measure interac-
tions among markets

Sector gross-risk cap

Is one sector consuming too
much gross stand-alone risk?

Requires a stable and mean-
ingful sector classification

Liquidity-aware cap

Can the target be entered or
exited without undue market
impact?

Capacity estimates can deteri-
orate sharply under stress

Stress-loss cap

Is the program resilient to de-
fined adverse scenarios?

Scenario selection cannot
cover every possible shock

5.3.7 Liquidity-Aware Clipping

As established earlier, liquidity must be assessed relative to the size
that the program intends to trade. A position can be permissible un-
der notional and margin limits yet still be too large relative to ordinary
trading volume, open interest, or the expected depth available during
a rebalance.

Let ﬁlﬁ be the maximum permissible absolute contract position after
the program’s liquidity assessment. The liquidity-clipped target is

lig _ raw

ni = sign(nit) min (|n%],79)

The liquidity limit may be based on a small fraction of average daily
volume, open interest, an estimated number of executable trading ses-
sions, or a more detailed cost model. The rule should account for the
difference between building a position over time and exiting it under
stress. A capacity limit based only on average daily volume can be dan-
gerously optimistic if volume collapses when markets gap or approach
exchange limits.

Liquidity clipping changes the economic exposure implied by the fore-
cast. That change should be transparent. The program should record:
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+ the unconstrained target;

+ the liquidity limit;

« the clipped target;

« the estimated risk and notional exposure forgone;

« the reason code for the constraint.

Without this information, a later review may incorrectly attribute weak
or strong performance to the signal rather than to capacity restrictions.

5.3.8 Stress-Loss Controls

Initial margin is not a complete loss estimate. It is a clearing require-
ment calculated under a specified methodology and horizon, and it can
include recognized offsets that may not hold in every market environ-
ment. A program should therefore maintain stress tests that are inde-
pendent of day-to-day volatility estimates and margin levels.

For a set of deterministic scenarios s = 1,...,S5, let AP;S) be the as-
sumed adverse price change for contract ¢ in scenario s. The scenario
P&L of the current target is

K
Hgs) = Z ’I’Li’tMiXi’tA‘Pi(s) .
i=1

The corresponding loss is
£l = ).
A stress-loss cap may require

max £§S) <L.

Scenarios should reflect risks relevant to the markets traded: sharp
equity declines, bond-yield jumps, commodity gaps, currency devalu-
ations, limit moves, and simultaneous adverse moves across markets
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with shared macro exposure. The purpose is not to forecast the next
crisis precisely. It is to identify positions whose size is unacceptable
under plausible adverse conditions even if recent volatility and current
margin appear benign.

Stress controls are particularly valuable after a long quiet period. In
such periods, volatility estimates may fall, risk-based position sizes
may rise, and clearing margins may remain relatively low. A fixed
stress test provides a counterweight to this procyclical pattern.

5.3.9 Hard Constraints, Soft Constraints, and Pri-
ority Rules

Constraints inevitably conflict. A program may face a target that com-
plies with its market-level risk instruction but exceeds a sector margin
limit. Another target may satisfy all margin limits but violate a liquidity
cap. The implementation process must state which rules are inviolable
and how softer restrictions are resolved.

Hard constraints.

Hard constraints are conditions that must never be breached. Typical
examples include:

+ exchange, clearing member, or regulatory position limits;

+ a market being ineligible for trading;

+ a missing or invalid contract specification;

+ a hard account-level margin limit;

+ a hard maximum position based on liquidity or mandate terms;

« a prohibition on holding an expiring contract beyond a specified
operational date.

Ahard-constraint breach blocks an order or requires an immediate cor-
rective action according to the program’s escalation procedure.
Soft constraints.

Soft constraints identify conditions that are undesirable but may be
tolerated temporarily. Examples include:
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 anormal operating margin threshold below the hard limit;
« a preferred market or sector concentration range;

« atarget notional-leverage range;

« a desired liquidity participation level;

« a warning threshold for stress loss.

Soft-limit breaches should trigger review, reporting, and a defined re-
mediation plan. They should not be ignored simply because the pro-
gram remains below a hard limit.

Priority hierarchy.

A practical hierarchy is:

« data integrity and market eligibility;

« legal, exchange, clearing, and hard mandate constraints;
« required cash and initial-margin capacity;

« liquidity and market-specific concentration caps;

« gross and net notional controls;

« soft concentration, preferred utilization, and efficiency targets.

The hierarchy should be encoded before a stressed event occurs. Other-
wise, a portfolio manager may face several simultaneous breaches and
resolve them inconsistently from one episode to the next.

5.3.10 Scaling versus Selective Clipping
When a constraint binds across many markets, the program must de-
cide whether to scale all positions proportionally or reduce selected po-

sitions more aggressively.
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5.3.11 Proportional scaling

If the raw position vector is n}*", a simple proportional adjustment is

nieded — o™ 0 <k < L.

For a gross notional constraint, an approximate scaling factor is

——gross
notional :
Ky = min 1, —s7oss | -
-gTOSS
( N;

For a simplified gross-margin constraint,

i . IM
Hinargm = min (17 I]_V[gross> .
t

After applying ., targets must be rounded again to integer contracts
and rechecked. Because contracts are discrete, the final positions will
not be exactly proportional.

Proportional scaling preserves relative forecast expression across mar-
kets. It is often appropriate when the constraint is broad and no single
market is clearly responsible for the breach. Its weakness is that it re-
duces liquid, efficient positions alongside crowded or expensive ones.

5.3.12 Selective clipping

Selective clipping reduces positions that create the largest constraint
burden. For example, a margin-constrained program may first re-
duce contracts with the greatest initial-margin consumption per unit
of stand-alone dollar volatility:

init

margin __ m; it

L
A high value of ng‘frgin means that the market consumes substantial
margin capacity relative to the risk exposure it provides. A liquidity-
constrained program may instead prioritize reductions in markets with
the highest expected participation rate or weakest exit capacity.
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Selective clipping is more capital-efficient, but it introduces relative
tilts. The resulting portfolio no longer expresses the raw forecast vector
proportionally. That may be appropriate, provided the rule is explicit
and not chosen after observing returns.

A hybrid approach is often practical:

« apply hard market-level and liquidity caps first;

« reduce positions responsible for discrete breaches of market or
sector limits;

« apply proportional scaling to the remaining set if an aggregate
leverage or margin limit still binds;

« round to tradable contract counts;

« rerun all checks until the target is feasible.

5.3.13 The Feasibility Loop

Constraint application is iterative because one adjustment can change
several metrics. Reducing a contract lowers gross notional and gross
margin, but may also alter net exposure and sector concentration.
Rounding after a proportional adjustment can restore a small breach.
A robust process therefore treats feasibility as a loop rather than a one-
pass calculation.

A controlled implementation follows this sequence:

« Start with raw integer contract targets from the sizing engine.

» Reject markets with invalid data, expired eligibility, or hard
market-level breaches.

« Apply contract-level position caps and liquidity limits.

+ Calculate projected account-level initial margin using current
clearing or broker information.

» Apply market and sector limits for margin, gross notional, and
stand-alone dollar-volatility concentration.
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« Apply aggregate gross and net exposure constraints.
« Evaluate stress-loss limits.

« Scale or clip positions according to the approved priority hierar-
chy.

« Round all adjusted targets to integer contracts.
« Recalculate every constraint using the rounded targets.

+ Release orders only when all hard constraints pass and all soft-
limit exceptions have been approved or documented.

The process should produce an audit trail that distinguishes raw tar-
gets from feasible targets. For each altered market, the system should
record the binding constraint, the adjustment method, and the result-
ing change in contract count, notional exposure, margin requirement,
and stand-alone dollar-volatility exposure.

5.3.14 What This Layer Does and Does Not De-
cide

Leverage, margin, and exposure controls answer a feasibility question:
can the program hold these positions while respecting its operational
and governance limits?

They do not answer the diversification question. A set of feasible posi-
tions may still contain substantial hidden common exposure. For ex-
ample, several equity-index contracts, industrial metals, and procycli-
cal currencies can all satisfy individual margin and notional caps while
responding similarly to a broad change in growth expectations. Con-
versely, apparent offsets in net notional may not be dependable under
stress.

The output of this section is therefore a set of feasible market-level con-
tract targets:
feasible
n;

together with the associated notional, margin, liquidity, and stress-
control diagnostics. These positions are admissible on a stand-alone
and aggregate exposure basis. The next task is to measure how their
risks interact when markets move together.
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5.4 Correlation Models and Diversifica-
tion Regimes

The covariance model is the measurement framework that converts a
list of individual positions into an estimate of combined portfolio risk.
It answers three practical questions:

1. How much total risk arises when the current positions are held
together?

2. Which positions or groups of positions contribute most to that
risk?

3. How likely is the diversification benefit to persist under the cur-
rent market regime?

5.4.1 From Stand-Alone Risk to Combined Risk

A contract-level volatility estimate measures the typical variation of
one market in isolation. Portfolio risk depends additionally on whether
markets tend to rise and fall together.

For markets 7 and j, covariance is
Cov(ri,7j) = 0i0;pij,
where ¢; and o are return volatilities and p;; is the correlation between

the returns.

Correlation lies between —1 and 1:

—1<p;; <1

A positive correlation means that the two return series tend to move
in the same direction. A negative correlation means that they tend to
move in opposite directions. A correlation near zero means that their
linear co-movement has been limited over the estimation sample. It
does not mean that the markets are economically unrelated, nor does
it guarantee that they will remain uncorrelated during stress.
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For K markets, collect the estimated covariances into the K x K co-
variance matrix:

2
01t 01,t02tP12,t  **° O1t0K tP1Kt
2
02t01,tP21,t 02t o 02t0K tP2K t
Y= .
2
OKt0O1tPK1,t OKtO2tPK2¢t = Okt

The diagonal entries are variances. The off-diagonal entries are covari-
ances. The covariance matrix must be symmetric:

¥ =3,
and it should be positive semidefinite, meaning that it cannot imply a
negative variance for any possible collection of exposures.

To express positions in a common unit, define x, as the vector of signed
base-currency market values or signed dollar exposures used by the
program’s risk system. If the covariance matrix is estimated from pro-
portional returns, the estimated portfolio variance is

~2 o/
UP,t = XtEtXt~

The corresponding portfolio volatility estimate is
a'\P}t = 1/ X;tht.

The sign of each position matters. A long position in one market and
a short position in another can reduce estimated risk if their return
relationship and position signs create an offset. However, a short posi-
tion is not automatically a hedge. Whether it offsets another position
depends on the covariance structure, not on the fact that one contract
is long and the other is short.

5.4.2 A Two-Market Intuition
For two markets with exposures x; and x5, portfolio variance is

~ 2 2 2 2
0p = 2107 + 2505 + 2x1290102p12.
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The first two terms are the stand-alone variances. The final term is the
interaction term. Diversification is created or lost through this interac-
tion term.

Suppose two long positions have equal dollar exposure, and each mar-
ket has annualized volatility of 10%. For simplicity, set z; = x5 = 1. If
their correlation is zero, estimated variance is

o5 = 0.10% + 0.10% = 0.0200,

and estimated volatility is approximately 14.1%.

If correlation rises to 0.90 while individual volatilities remain un-
changed, variance becomes

5% =0.10% 4+ 0.10% 4 2-0.10 - 0.10 - 0.90 = 0.0380.

Estimated volatility rises to approximately 19.5%.

No individual market became more volatile in this example. The in-
crease in portfolio risk comes entirely from a reduction in diversifi-
cation. If correlation rises from zero toward one, the portfolio’s vari-
ance can approach twice its original level for equal-volatility, equal-
direction positions.

This is why an instrument-level volatility process, though essential, is
not enough to control a multi-market CTA. It measures the size of each
component, but not whether those components are likely to move to-
gether.

5.4.3 Why Diversification Contracts During
Stress

Correlations are not permanent physical constants. They are estimates
of market behavior over a particular sample and can change abruptly
or gradually as the economic environment changes.

A calm growth environment may support low or moderate correlations
among equities, commodities, FX, and rates. During a liquidity shock
or broad risk-off event, many positions associated with growth, carry,
or external financing can begin to react to the same macroeconomic
force. Correlations among risky assets often rise at precisely the time
when diversification is most valuable.
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The underlying cause need not be identical across episodes. Correla-
tion can increase because of:

+ a shared monetary-policy shock;

« a sudden repricing of inflation expectations;

« a global growth scare;

« funding stress and forced deleveraging;

+ concentrated positioning in similar macro trades;

« a geopolitical event affecting several commodity and currency
markets simultaneously;

« changes in market microstructure, liquidity, or hedging activity.

A trend-following program has an additional source of time variation
in its effective exposures. Trend signals can cause the strategy to be-
come simultaneously long or short several economically related mar-
kets after a sustained move. For example, a strong global-growth trend
may generate long equity, industrial-metal, energy, and procyclical-
currency positions. Those positions are distinct contracts, but their
signs may align with the same macro factor. The strategy can there-
fore become more concentrated even without any change in its market
universe.

The covariance model should recognize that the apparent diversifica-
tion of a calm period may not survive a regime transition. The appropri-
ate response is not to assume that every crisis has identical correlations.
It is to use an estimation approach that is robust to uncertainty and to
supplement statistical estimates with conservative concentration and
stress controls.

5.4.4 Estimating the Covariance Matrix

There is no universally best covariance estimator. The appropriate
method depends on the number of markets, history available, fre-
quency of rebalancing, stability of the investment universe, and the
cost of responding to noisy changes in estimated correlation.
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The main trade-off resembles the earlier volatility-estimation problem.
A short, responsive sample recognizes current conditions quickly but
produces noisy correlations. A long sample is more stable but can pre-
serve relationships that no longer describe the market.

5.4.5 Sample covariance

The most direct estimator uses a rolling window of historical returns.
For a window of L observations, the sample covariance between mar-
kets i and j is

L—1
— 1 - -
Covij¢ = -1 Z (Pii—e —Tie) (Tje—0 — Tje) -
£=0

The sample covariance matrix is transparent and easy to reproduce. Its
weakness is estimation error. With K markets, there are

K(K —1)
2

distinct pairwise correlations to estimate. A universe of 50 markets
therefore requires estimation of 1,225 off-diagonal relationships. A
short return history rarely provides enough information to estimate all
of them precisely.

Sample covariance is particularly fragile when the lookback window is
short relative to the number of markets, when return histories have
missing observations, or when the universe changes over time. The
resulting matrix may also be poorly conditioned, making downstream
risk calculations unstable.

5.4.6 Exponentially weighted covariance

An exponentially weighted covariance estimator gives greater weight
to recent observations:

it = )\it—l + (1 — A)rt—lrgfp

where r;_; is the vector of demeaned market returns and X is a decay
factor.
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This approach allows the covariance matrix to respond smoothly as re-
lationships change. It is often a reasonable baseline for daily risk moni-
toring because it is easy to update and does not require refitting a large
model at every rebalance.

Its limitation is that a recent cluster of correlated moves can substan-
tially alter the matrix even if the episode is short-lived. In addition, a
single common shock may move all markets together and temporarily
raise estimated correlations. The resulting estimate may be appropri-
ate if the shock marks a new regime, but overly reactive if it does not.

5.4.7 Shrinkage covariance

Shrinkage improves stability by blending a noisy empirical covariance
matrix with a structured target:

Sishrunk _  Sisample | (1 _ ) yytarget 0<a<l.
The target matrix may assume, for example:

« zero off-diagonal correlations;
+ a common average correlation;
« correlations that are constant within and across broad sectors;

» afactor-based structure reflecting common macro drivers.

Shrinkage does not claim that the target is literally correct. It recog-
nizes that an imprecise sample estimate can be worse than a deliber-
ately simplified prior. In practice, shrinkage often produces a more
stable and numerically reliable covariance matrix, especially for large
futures universes.

5.4.8 Factor covariance models

A factor model assumes that much of each market’s return variation
arises from a smaller set of common drivers:

ry= Bft + €,
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where:

« f, is a vector of common factor returns;
« B contains market sensitivities to those factors;

+ ¢, contains market-specific residual returns.

The implied covariance matrix is

Et = Bzfth, + Ee,t~

A factor model can be statistical, using components extracted from
the return history, or economic, using specified drivers such as broad
equity risk, duration, inflation sensitivity, U.S. dollar exposure, or
commodity beta. Its principal benefit is dimensionality reduction.
Rather than estimating every pairwise relationship independently, it
estimates how each market relates to a smaller number of common
forces.

The principal risk is model misspecification. Factors that explain a
calm sample may omit the driver that matters most in a crisis. Factor
models are therefore often most useful when combined with residual-
risk controls, conservative stress tests, and direct limits on exposures
known to be economically clustered.

5.4.9 Block-structured covariance models

A block-structured model groups markets into defined clusters and ap-
plies a more stable correlation assumption within and between those
clusters. A simplified structure might distinguish:

« equity-index futures;
» government-bond and short-rate futures;
+ developed-market and emerging-market FX;

« energy, metals, grains, and soft commodities.
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Within a block, the model may assume a common correlation or a
shrinkage estimate toward a sector average. Between blocks, it may
use a lower common correlation, a long-run estimate, or a regime-
dependent assumption.

This approach is less statistically elegant than estimating every pair
separately, but it is often easier to explain, audit, and govern. It also
reflects a practical truth: a program may care more about avoiding a
broad concentration in equity-index futures than about distinguishing
the third decimal place of correlation between two highly related con-
tracts.

Table 5.3: Covariance-model choices for a managed futures program

Approach Primary benefit Primary limitation
Rolling sample covariance Transparent and easy to re- Noisy, especially with many
produce markets and short samples

Exponentially
covariance

weighted

Shrinkage covariance

Factor model

Block-structured model

Time-varying correlation

model

Responds to recent changes
without a hard window
boundary

Improves stability and nu-
merical behavior

Captures common drivers
with fewer parameters
Governance-friendly and
aligned with market group-
ings

Explicitly models changing
correlation dynamics

Can overreact to transient
common shocks

Requires a defensible target
matrix and shrinkage inten-
sity

Can miss important factors or
regime-specific relationships

May oversimplify relation-
ships within or across blocks

More complex, parameter-
sensitive, and harder to
validate

5.4.10 Time-Varying Correlations

and DCC-

GARCH

A constant-correlation model assumes that the relationship between
two markets is stable over the entire estimation period. This assump-
tion is convenient, but often unrealistic for a multi-asset futures pro-
gram.

DCC-GARCH, associated with Engle, is a standard approach to time-
varying correlations. It updates covariances dynamically rather than
assuming that correlations remain fixed. In broad terms, the model
separates two tasks:
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1. estimate changing volatility for each market; and

2. estimate how standardized shocks co-move through time.

The resulting covariance matrix can be written as
Zt = DthDta

where D; is a diagonal matrix of conditional market volatilities and R;
is the time-varying correlation matrix.

This decomposition is intuitively useful even when a program does not
implement a full DCC-GARCH model. It emphasizes that portfolio risk
can change through two distinct channels:

1. individual markets become more or less volatile; and

2. the relationship among markets becomes more or less correlated.

A DCC-style model may be useful for research, stress monitoring, and
adaptive allocation. It should not be adopted solely because it is more
sophisticated than a shrinkage estimator. Greater model complexity
creates additional parameter risk, data requirements, and governance
burden. The relevant question is whether the improved responsiveness
produces better risk control after allowing for estimation error and im-
plementation frictions.

For many CTA programs, a robust shrinkage or block-structured co-
variance matrix, combined with explicit stress regimes and concentra-
tion caps, can be more reliable than a highly parameterized dynamic
model. The simplest model that captures the relevant sources of con-
centration is often preferable to the most elaborate model that cannot
be explained or maintained.

5.4.11 Diversification Regimes

A diversification regime is a practical classification of the market envi-
ronment according to the strength and structure of cross-market re-
lationships. The classification need not predict every market move.
Its purpose is to prevent the program from treating a calm correlation
structure as universally applicable.
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A useful framework distinguishes at least three broad states.

Normal diversification regime. Cross-asset correlations are mod-
erate and broadly consistent with longer-run experience. Sector rela-
tionships remain visible, but no single common factor dominates most
markets. A standard shrinkage or medium-horizon covariance esti-
mate may be adequate.

Concentrated macro regime. Several markets are driven by a dom-
inant theme, such as synchronized inflation repricing, a strong global
growth trend, or a sharp shift in central-bank expectations. Correla-
tions within economically related groups rise. The program may re-
quire tighter group-level concentration limits even if broad market
stress is absent.

Stress or liquidity regime. Correlations among risky assets can rise
sharply, liquidity may deteriorate, volatility can increase, and clearing
requirements may change. Historical diversification benefits should
be discounted. The risk system should emphasize stressed covariance
estimates, conservative assumptions, liquidity-aware limits, and mar-
gin headroom.

The regime need not be represented by a single binary switch. A pro-
gram can blend normal and stress covariance matrices:

Egegime _ (1 _ oJt)z?ormal + wtzitress, 0<w <1.

The stress weight w; can respond to observable indicators such as re-
alized volatility, correlation dispersion, market breadth, liquidity mea-
sures, or predefined stress triggers. The precise trigger design requires
careful testing. A regime model that changes state too frequently can
create allocation instability; one that changes too slowly can provide
little protection when diversification disappears.

5.4.12 Measuring Effective Bets Rather Than
Counting Markets
A portfolio with twenty contracts does not necessarily contain twenty

independent sources of risk. One way to assess effective breadth is to
examine the concentration of estimated risk contributions.
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Given the covariance matrix and exposure vector, the marginal contri-
bution of market ; to portfolio volatility is

MRC, , — X0,

opt

The total contribution of market 7 is

10 (ZiX0);
Rci,t = xi,tMRCi,t = w
opt

The contributions sum to estimated portfolio volatility:
K
Z RC;; =0p;.
i=1

A large positive risk contribution indicates that a market materially
increases estimated portfolio risk. A negative contribution can occur
when a position acts as a hedge under the current covariance estimate.
Negative contributions should be interpreted cautiously. They depend
on the estimated relationship remaining stable, which may not hold in
a stress regime.

For an intuitive concentration diagnostic, define the positive risk-
contribution share:

max (RC; ;,0)
Z;il max (RC; +,0)

+ _
Sit =

An effective number of positive risk contributors can then be approxi-

mated by
1

Nepri= g2
Zszl (Sit)Q

If risk is evenly spread across ten markets, N. s, will be close to ten. If
a nominally broad portfolio derives most of its risk from three closely
related positions, the measure will be much closer to three. This is
not a complete description of diversification, but it is a useful warning
against relying on contract count alone.
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5.4.13 Data and Estimation Discipline

Covariance estimation is especially vulnerable to inconsistent data han-
dling. The risk system should use return histories that are aligned
in time, adjusted consistently for contract rolls, and expressed in the
same decision-time convention used by the trading process.

Several implementation issues require explicit treatment.

Non-synchronous markets. Global futures markets settle at differ-
ent times. A same-date correlation between an Asian equity future and
a U.S. equity future may partly reflect different information sets. The
program must choose a consistent return-clock convention and recog-
nize that close-to-close correlations can be distorted by asynchronous
trading hours.

Missing observations. Markets may have exchange holidays, price
limits, stale settlements, or late listings. Pairwise deletion can produce
a covariance matrix whose elements are estimated from different sam-
ples and may fail numerical consistency checks. A program should
specify minimum history requirements, missing-data rules, and mar-
ket eligibility conditions.

Contract rolls. Artificial returns introduced by an inconsistent roll
process contaminate both volatility and covariance estimates. The re-
turn construction used for correlation estimation should follow the
same controlled roll methodology used throughout the risk process.

Outliers. A large return may be a genuine market event, a price-limit
effect, a stale-price catch-up, or bad data. Removing every extreme ob-
servation produces a dangerously calm covariance matrix. Retaining
unverified bad data is equally problematic. Exceptions require a docu-
mented data-quality review rather than an automatic response chosen
to improve the estimate.

Look-ahead bias. The covariance matrix used to assess or construct
positions on date ¢ must rely only on information available before the
decision. This requirement applies to returns, contract mappings, FX
conversions, sector classifications, and any regime indicator.
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5.4.14 Model Validation and Conservative Use

Covariance models should be evaluated by their risk-control useful-
ness, not by the visual smoothness of their correlations or the apparent
precision of their parameters. A validation program should examine:

+ whether realized portfolio volatility regularly exceeds the ex-ante
estimate;

» whether errors become materially larger during stressed periods;

the stability of estimated correlations and risk contributions;

sensitivity to reasonable changes in estimation window, decay
rate, shrinkage intensity, and grouping structure;

« the frequency and economic plausibility of regime changes;

whether the covariance matrix remains positive semidefinite and
numerically usable;

whether the model identifies known episodes of concentrated
macro exposure.

Backtests should include periods in which established relationships
failed. A model calibrated only to stable, low-volatility years can cre-
ate a misleading impression of diversification. The objective is not
to forecast the precise correlation of every pair of contracts. It is to
avoid allocating risk on the assumption that historical offsets will re-
main available under all conditions.

5.4.15 The Covariance Output
i?sed’

together with regime diagnostics, risk-contribution measures, and doc-
umented conservative alternatives for stressed conditions.

8P,t =1/ XQE}/lsedxt.
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5.5 Risk Budgeting and Sector Allocation

The covariance framework measures how feasible market-level posi-
tions combine into portfolio risk. Risk budgeting uses that measure-
ment to decide how much of the program’s risk may come from each
market, sector, or economic cluster.

This is a distinct decision from forecasting. A trend signal may be
strongest in one sector, but a CTA program need not allow that sec-
tor to dominate total risk. Similarly, a sector with low recent volatility
can attract large notional positions under inverse-volatility sizing even
when its economic exposures are already well represented elsewhere.
Risk budgeting introduces an explicit governance layer between raw
signals and final portfolio construction.

The central idea is simple:
Capital can be allocated in dollars, but a managed futures

program should allocate its scarce resource—portfolio
risk—intentionally.

A risk budget specifies the share of expected portfolio risk that the pro-
gram is willing to attribute to a market, a sector, or a broader source
of exposure. It does not guarantee realized outcomes. It states the ex-
ante concentration that the program accepts under its current covari-
ance model.

5.5.1 Risk Contribution as the Budgeting Unit

As established in the prior section, estimated portfolio volatility is

~ _ /A
opt =1/ X 20Xy,

where x, is the vector of signed market exposures and £, is the covari-
ance matrix used by the risk system.

For market i, the marginal contribution to portfolio volatility is

(f]txt> )
MRC; ; = ~—21.

~

Opt
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The total risk contribution is

Tt (itxt)
RC;; = z; (MRC; } = ————*.
Opt

Risk contributions sum to estimated portfolio volatility:
K
> RCiy=5p;.
=1

It is often more convenient to work with percentage risk contributions:

RC; Tit (Etxt) ,
PRC;; = —* = — =71
opt thtxt

For a fully invested long-only portfolio under ordinary covariance con-
ditions, percentage risk contributions are usually positive and sum to
one. A managed futures portfolio is different. It contains both long
and short positions, and some positions may act as estimated hedges.
A market can therefore have a negative risk contribution under the cur-
rent covariance model.

A negative contribution is not an error. It means that, at the margin,
the position reduces estimated portfolio variance because of its sign
and its estimated relationship with the rest of the portfolio. It should
not, however, be interpreted as a permanent source of protection. A
correlation estimate can change quickly, especially in a stress regime.
Risk budgets should not rely excessively on negative contributions to
justify large gross positions.

5.5.2 Sector-Level Risk Contributions
A sector budget applies the same logic to groups of markets. Let Z, de-
note the set of markets belonging to sector g, such as equities, rates, FX,

or commodities. Construct a sector exposure vector x, , that contains
the positions for markets in sector g and zeros elsewhere.
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The sector’s total contribution to portfolio volatility is

LS
x 30X
R i
RC,, = —2L77
0Pt

Its percentage contribution to portfolio variance is

;S

X tEtXt
PRngt = ‘q/’/\i
thtxt

The sector contributions sum to one when the sectors form a complete,
non-overlapping partition of the market universe:

G
> PRC,, =1.
g=1

A sector budget specifies a desired or maximum value for PRC, ;. For
example, a balanced four-sector mandate might begin with:

bequity = brates = bFX = beommodities = 25%.

These values do not mean that the program invests 25% of capital in
each sector. Nor do they require equal notional exposure, equal mar-
gin usage, or equal numbers of contracts. They state that each sec-
tor should contribute approximately one quarter of the estimated to-
tal portfolio risk, subject to the covariance model and the program’s
implementation constraints.

5.5.3 Why Inverse-Volatility Weights Are Not

Risk Budgets
Inverse-volatility weighting is often used as a simple first step:
invvol __ 1/ al
7 K -~
Zj:l 1/0;

This rule gives smaller weights to more volatile markets and larger
weights to quieter markets. It can be useful for avoiding obvious con-
centration in high-volatility instruments. However, it does not gener-
ally equalize risk contributions because it ignores correlations.
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The difference is important. Consider three assets with annualized
volatilities of 10%, 10%, and 20%. Suppose their covariance matrix is

0.0100 —0.0010 0.0120
¥ = [-0.0010 0.0100 0.0000
0.0120  0.0000  0.0400

The first two assets have a modest negative correlation, while the first
and third assets have a strong positive correlation. Inverse-volatility
weighting produces
0.40
winvel — 10.40
0.20

Using equation (percentage risk contribution), the resulting approxi-
mate percentage risk contributions are:

37.5%
22.5%
40.0%

The second asset receives the same capital weight as the first, but con-
tributes much less risk because of its lower covariance with the third
asset and its modest negative relationship with the first. The third as-
set receives only 20% of capital but contributes approximately 40% of
portfolio risk.

By contrast, an equal-risk-contribution solution for the same covari-
ance matrix is approximately

0.37
wERC ~ 10.46| |
0.17

which produces risk contributions close to one third each.

The difference is summarized in the following table. The example is de-
liberately small, but the practical implication becomes more important
as the market universe grows and correlations become less uniform.

Inverse-volatility weighting is therefore a simplification, not a substi-
tute for risk budgeting. True equal risk contribution depends on both
volatility and correlation and typically requires optimization.
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Table 5.4: Inverse-volatility weighting versus equal risk contribution
in a three-asset example

Asset Inverse-volatility Approximate ERC  Interpretation
weight weight
Asset 1 40% 37% Positively correlated

with Asset 3; inverse-
vol weighting under-
states the resulting
joint risk

Asset 2 40% 46% Lower correlation
with the other assets
permits a larger
weight for compara-
ble risk contribution

Asset 3 20% 17% Higher volatility and
strong positive corre-
lation with Asset 1
justify a lower alloca-
tion

5.5.4 Equal Risk Contribution

Equal risk contribution (ERC) is a common risk-budgeting framework.
Its objective is to choose exposures such that each component con-
tributes the same amount of estimated portfolio risk:

RC;;: =RC;, for all 4, j.

For K equally budgeted components, the target contribution is

t t ap,t
RCH =2
ERC is attractive because it avoids allowing a small group of high-
volatility or highly correlated markets to dominate the portfolio by ac-
cident. It also provides a transparent answer to the question, “Where
is risk coming from?”
However, ERC should not be mistaken for an economically neutral al-
location. It embeds choices about:

« the definition of the investment universe;

« whether the components are individual markets, sectors, or fac-
tors;

343



CHAPTER 5. PORTFOLIO CONSTRUCTION AND PROGRAM-LEVEL RISK CONTROL

« the covariance estimator;

» the treatment of short positions and negative risk contributions;
+ the frequency with which the solution is updated;

« the constraints imposed by liquidity, margin, and discrete con-

tracts.

Equalizing risk across fifty individual contracts is not equivalent to
equalizing risk across four sectors. The first approach gives each listed
instrument the same ex-ante influence. The second gives each broad
asset class the same influence and then requires a separate rule for dis-
tributing risk within each sleeve.

For a diversified CTA program, sector-level ERC is often more sta-
ble and more aligned with mandate-level governance than instrument-
level ERC. It prevents a sector with many closely related contracts from
obtaining a larger budget solely because it contains more tradable in-
struments.

5.5.5 Sector Budgets and Within-Sector Alloca-
tion

A practical sector budgeting framework separates two decisions:

1. how much total risk each sector is allowed to contribute; and

2. how that sector’s allowance is distributed among its eligible mar-
kets.

Suppose the program uses four sectors:

g € {equities, rates, FX, commodities}.

The first-stage sector budget may be stated as

bequities

b= brates , Z bg = 1.
g

brx

bcommodities
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Within each sector, a market-level allocation rule determines the de-
sired relative exposures. A simple signal-sensitive specification is

where f; ; is the normalized trend forecast, DV ;¢ is dollar volatility per
contract, and «a; is a market-level eligibility or strategic weight.

The resulting vector is not yet the approved portfolio exposure. It is a
preliminary expression of relative signal strength within the sector. A
sector scaling factor «, ; is then selected so that the sector conforms to
its risk budget:

Xyt = ’{g,tig,t-

The scale factor should be determined using the full covariance matrix,
because a sector’s contribution to portfolio risk depends on its relation-
ship with all other sectors:

~ 1
Kg,tXgt) 2tXt
PRCg,t = —( g lg/’\) .

thtxt

The target condition may be expressed as
PRC,,; ~ b,,

or, for a capped budget, B
PRC,; < b,.

The distinction between a target and a cap is important. A target says
that the program seeks a specified risk share. A cap says only that the
sector must not exceed a maximum. A trend program may use caps
when it wants to preserve signal flexibility, accepting that a weak-signal
sector can contribute less than its nominal allocation.

5.5.6 Common Budgeting Frameworks
Different mandates call for different budgeting rules. The choice

should be stated explicitly because each rule changes how the program
behaves when signals, volatilities, and correlations change.
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Table 5.5: Common risk-budgeting frameworks for managed futures

Framework

Core rule

Main benefit and princi-
pal trade-off

Equal market risk

Equal sector risk

Sector-capped risk

Liquidity-aware risk budget

Mandate-driven strategic
budget
Adaptive regime budget

Each eligible contract re-
ceives approximately equal
ex-ante risk contribution

Each major asset class re-
ceives a similar share of port-
folio risk

Sectors may vary with signals
but cannot exceed stated risk
limits

Risk allowances are reduced
for markets with limited exe-
cutable capacity

Sector allowances reflect in-
vestor objectives, liability sen-
sitivities, or desired crisis
characteristics

Budgets respond to chang-
ing correlation, volatility, or
stress indicators

Broad participation across
markets; can unintentionally
overweight sectors contain-
ing many related contracts
Clear mandate-level diversi-
fication; requires a separate
within-sector allocation rule
Preserves forecast informa-
tion while preventing domi-
nance; weak sectors can leave
budget capacity unused
Improves implementability;
can reduce exposure to
otherwise attractive but less
liquid opportunities

Highly transparent to stake-
holders; may sacrifice some
statistical efficiency

Can reduce concentration
during stress; creates model
complexity and potential
turnover

5.5.7 Equal market risk

An equal-market-risk approach treats every eligible futures market as
an independent unit of diversification. It can work well for a broad,
carefully curated universe in which no sector contains many more
closely related instruments than another.

Its weakness is counting exposure opportunities rather than economic
bets. If the commodity sector contains twenty contracts while the rates
sector contains six, equal market budgeting can assign much more to-
tal risk to commodities even if several commodity contracts share com-
mon drivers. The result may be statistically balanced at the instrument
level but economically concentrated at the sector level.

5.5.8 Equal sector risk
Equal sector risk begins from the premise that equities, rates, FX, and

commodities should have comparable influence over total program
risk. It is governance-friendly because the resulting allocation can be
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explained without reference to the number of instruments in each sec-
tor.

The main challenge is that sectors do not have equal internal breadth. A
rates sleeve with several liquid government-bond futures may have dif-
ferent opportunity diversity from an energy sleeve dominated by crude
oil and natural gas. Equal sector budgets should therefore be paired
with market-level caps and within-sector diversification rules.

5.5.9 Sector-capped risk

A sector-capped framework permits the forecast process to determine
relative exposure while imposing maximum sector contributions. For
example:

PRCequities,t < 35%,
PRCrates,t < 35%,
PRCrx,; < 30%,
PRCcommodities,t < 40%.

The caps need not sum to 100%, because more than one sector may be
below its maximum at the same time. This framework is useful when a
program wishes to retain directional responsiveness while preventing
one powerful trend from dominating the entire portfolio.

Sector caps are especially important when a common macro episode
generates similar signals across many markets. A global inflation
trend, for instance, may produce short duration signals, long energy
signals, long commodity-currency signals, and short equity signals. Al-
though these are different trade directions in different asset classes,
they can represent one broad inflation-related theme. Sector caps do
not solve every form of cross-sector concentration, but they limit the
most obvious sources of dominance.

5.5.10 Liquidity-aware risk budgets

A market may have an attractive forecast and a favorable covariance
profile but limited capacity. A liquidity-aware budget reduces the max-
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imum allocation to such markets before the final construction process
attempts to trade them.

One simple adjustment applies a liquidity multiplier ¢;
0<4,,<1,

to the preliminary market allocation:

iq ~
xi,t = fi,t-’fi,t-

Avalueof¢; ; = 1indicates noliquidity reduction. A value below one re-
duces the market’s permitted contribution to risk. The multiplier may
depend on expected participation rate, open interest, trading costs, roll
liquidity, or stressed exit capacity.

Liquidity-aware budgeting should not become a hidden return fore-
cast. Its purpose is to align intended risk with executable capacity. The
liquidity measure, lookback, and maximum participation assumptions
should be documented and tested independently of the trend signal.

5.5.11 Static versus Adaptive Budgets

A static budget changes rarely. It may specify, for example, that each
of four sectors receives one quarter of risk, with periodic review by the
investment committee. Static budgets offer several advantages:

« clear governance and straightforward communication;
« stable portfolio character;
+ limited turnover arising from allocation changes;

+ reduced opportunity for inadvertent model overfitting.

Their drawback is that they may retain the same allocation structure
when diversification conditions deteriorate. A sector that becomes
highly correlated with another sector can continue to receive its full
nominal budget even though the effective number of independent bets
has fallen.
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An adaptive budget changes in response to observable conditions. For
example, a program may reduce the maximum combined allowance
for highly correlated growth-sensitive sectors when a regime indicator
signals concentrated macro risk:

adaptive __ ; strategic
b = bg

9.t X Gg.t,

where q, ; is a bounded adjustment factor.

To preserve the total budget, the adjusted values may be renormalized:

badaptive
DAL
gt ZG badaptive'

h=1"h,t

Adaptive budgeting can be valuable when correlation regimes change
materially. It also creates several risks:

+ the adjustment may respond to noise rather than a genuine
regime shift;

« allocation changes can increase turnover at the same time that
liquidity deteriorates;

« the model may repeatedly reduce exposure after a shock rather
than before it;

+ the resulting program may be difficult for investors and risk com-
mittees to understand.

A practical compromise is to use static strategic budgets with adap-
tive caps or stress overlays. Under normal conditions, the program
follows stable sector allowances. During identified concentration or
stress regimes, the system tightens selected limits rather than continu-
ously redesigning the entire allocation.

5.5.12 Budgeting with Signals: Preserve Informa-
tion Without Allowing Dominance

Risk budgets should constrain the scale of positions without erasing

the information in the forecasts. A useful principle is to preserve rela-
tive signal strength within the feasible allowance.
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Suppose a commodity sleeve contains energy, metals, and agricultural
futures. The raw trend process may favor energy strongly, metals mod-
erately, and agriculture weakly. If the commodity sector reaches its
risk cap, the program can scale the entire sleeve proportionally:

budgeted _ raw
commodities,t — '“commodities,tXcommodities, ¢’ 0 < Kcommodities,t < 1.

This preserves the ordering of signal conviction within the sector while
reducing the sector’s aggregate contribution to portfolio risk.

A different approach clips only the largest market exposures. That may
preserve smaller positions but changes the relative forecast expression.
Selective clipping is appropriate when a single contract is causing a
market-specific concentration or liquidity breach. Proportional scal-
ing is often preferable when the entire sleeve is above its approved al-
lowance.

The choice should be made by rule rather than discretion. Otherwise,
the risk-budgeting process can become an unrecorded second forecast-
ing system in which positions are reduced or retained based on subjec-
tive views about which signals are likely to work.

5.5.13 Risk Budgets Require Tolerances

Exact equality of risk contributions is neither necessary nor practi-
cal. Covariance estimates change every day, positions are discrete con-
tracts, and margin or liquidity constraints may prevent a precise solu-
tion. A program should define tolerances around each target.

For a target sector budget b,, a tolerance band may be written as
b, <PRCy; <b/,

where

by =by— 85 bF =b,+5,.
The tolerance ¢, should be wide enough to avoid unnecessary rebal-
ancing caused by small changes in estimated correlation, but narrow
enough to prevent persistent concentration. It may be expressed in
percentage points of portfolio risk contribution or as a relative devia-
tion from the target budget.
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For example, a 25% sector budget with a +5 percentage-point tolerance
permits a contribution between 20% and 30%. A target outside the
band triggers a review or scaling process; a target inside the band need
not be adjusted solely to restore exact equality.

Tolerances are especially important for smaller programs. When one
contract represents a meaningful increment of risk, a single lot can
move a sector’s contribution by several percentage points. Demand-
ing mathematically exact risk parity from discrete futures positions can
create excessive turnover without materially improving risk control.

5.5.14 Transparency and Performance Attribu-
tion

Volatility scaling and risk budgeting can materially influence the be-
havior of a managed futures program. This has an important reporting
implication: performance should not be attributed to the trend signal
alone.

A transparent risk report should distinguish at least four sources of
portfolio behavior:

1. directional signal returns;
2. changes in market volatility and the associated scaling response;
3. changes in covariance and diversification conditions;

4. changes in risk budgets, caps, liquidity adjustments, and feasibil-
ity constraints.

For each sector, the program should report:

» the strategic budget;
« the current target or cap;
« the realized ex-ante risk contribution;

« the contribution under a stressed covariance estimate;
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« the binding market, liquidity, margin, or concentration restric-
tions;

« the difference between raw signal-driven exposure and budgeted
exposure.

This reporting discipline helps answer a basic but important question:
did the program earn returns because its trends were profitable, be-
cause risk was scaled favorably through changing volatility, or because
the risk-budgeting process concentrated or reduced exposure at conse-
quential times? These sources are all legitimate parts of the strategy,
but they should be visible.

5.5.15 Governance of Budget Changes

Risk budgets are policy parameters. They should not be adjusted casu-
ally in response to short-term performance.

A robust governance process specifies:

« the sector taxonomy and market classifications;

« strategic budget targets and maximum caps;

« the covariance model used to measure contributions;

« the treatment of hedging positions and negative contributions;
« tolerance bands and escalation thresholds;

+ the conditions under which adaptive reductions may occur;

« the authority required to change a strategic budget;

o the review schedule and documentation standard.

Changes should be tested over historical periods that include different
inflation, growth, liquidity, and crisis environments. A budget that ap-
pears attractive only after excluding difficult regimes is unlikely to be
robust. The objective is not to find the allocation that would have pro-
duced the highest historical return. Itis to establish an understandable
and durable distribution of risk that remains consistent with the pro-
gram’s mandate.
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5.5.16 The Output of the Budgeting Process

The output of this section is a set of approved risk allowances. These
may be expressed as target contributions, maximum contributions, or
both:

—-cap

target
Bt == {bg_,tg ) bg,t ) 5g,t7 Zi,t} )

where the terms represent sector targets, sector caps, tolerance bands,
and any market-level liquidity adjustments.

These allowances provide the policy framework for the final construc-
tion process. They state how much risk the program intends to accept
from each part of the opportunity set, but they do not yet determine
the final tradable contract vector. The next section reconciles the fea-
sible market targets, covariance-based risk budgets, integer contract
requirements, and trading costs into a portfolio that can be maintained
through time.

5.6 Portfolio Construction and Turnover
Control

The preceding sections produced three essential inputs:

« 1. market-level contract targets derived from forecasts and
volatility scaling;

« 2. feasibility constraints arising from margin, leverage, liquidity,
and concentration controls;

+ 3. approved risk allowances informed by the covariance model
and sector-budgeting policy.

Portfolio construction combines these inputs into a single tradable tar-
get. Turnover control then determines how quickly, and by what route,
the program moves from the current portfolio to that target.

This distinction is essential. A target portfolio is the position vector
that best expresses the current forecasts, risk budgets, and constraints.

353



CHAPTER 5. PORTFOLIO CONSTRUCTION AND PROGRAM-LEVEL RISK CONTROL

An implemented portfolio is the position vector actually held after ac-
counting for trading costs, market impact, execution capacity, integer
contracts, and the fact that markets continue to move while orders are
being executed.

A robust CTA does not assume that a target must be reached immedi-
ately. It treats portfolio maintenance as a controlled adjustment pro-
cess.

5.6.1 The Construction Problem

At each rebalance date, the program begins with a vector of feasible
market-level positions:

feasible
1.t
feasible
2.t

n

nlzeasible —

feasible
MKt

where each element is an integer contract target that has passed the
applicable market-level feasibility checks.

These positions express the direction and relative strength of the fore-
casts, but they may not yet conform precisely to the approved sector
risk budgets or the program’s total volatility objective. The portfolio-
construction process chooses a final target vector,

target
nt ’

that comes as close as practical to the feasible signal-driven positions

while satisfying the program-level risk specification.

The conversion from contracts to base-currency exposure can be writ-
ten as

Tip = N1 P e M; X 4,

where P,;, M;, and X;, are the current futures price, contract mul-
tiplier, and base-currency conversion rate. Collecting the exposures
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gives
X1t

T2t
X =

TK,t

)

Using the covariance matrix established earlier, estimated portfolio

volatility is
ap’t =1/ XQEtXt.
target

The program may specify a total volatility objective, o>, such as
10% or 15% annualized. The construction objective is not necessarily
to force the portfolio-volatility relationship above to equal that target
exactly each day. Contract discreteness, sector caps, liquidity restric-
tions, and turnover limits can make exact alignment either impossible
or undesirable. The aim is to remain within an approved range while
preserving the signal and risk-budget structure.

5.6.2 Reconciling Market Targets with Sector
Budgets

The market-level sizing engine produces positions from forecast
strength and instrument volatility. The risk-budgeting process
specifies how much combined risk may come from each sector. These
instructions can conflict.

For example, a strong and persistent trend may produce large raw long
exposures in several energy and metals contracts. Each contract may
be individually feasible, and the commodity sleeve may still fall within
gross notional and margin limits. Yet the combined commodity con-
tribution to portfolio risk may exceed the sector budget. Conversely,
weak commodity signals may leave the sector contribution below its
target even if other sectors are fully allocated.

A practical construction process begins with the feasible market vector
and applies sector-level scaling:

scaled feasible
Xg,t = Klgﬂgxg’t 0 S Rg.t S 1,

)
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where xeasble contains the exposures for sector g and r,, is a sector
scaling factor.

If the sector is above its permitted contribution, then x,; < 1. If the
sector is within its allowance, then «, ; may equal one. In a long-only
allocation, scaling above one might be used to fill unused budget. In a
trend-following CTA, increasing a weak-signal sector solely to consume
an allocation can be undesirable. Many programs therefore use sector
budgets primarily as caps rather than requirements to be fully invested.

The sector scale factors must be determined jointly. Reducing one sec-
tor changes total portfolio volatility and can change the estimated risk
contributions of every other sector. In particular, risk contributions
depend on the covariance matrix:

A sector cannot be managed correctly in isolation because its contribu-
tion depends on its interaction with the rest of the portfolio.

5.6.3 A Constrained Target-Portfolio Formula-
tion

A useful conceptual formulation chooses portfolio exposures by mini-
mizing the distance from feasible signal-driven targets while penaliz-
ing deviations from approved risk budgets:

G
“,En (Xt _ Xgeasible)/wt (Xt B Xgeasible) +Ap Z (PRC, . — by.)>
g=1
subjectto op; <Tp,,
PRC,; <b,;  foreach sectorg,
iy Sy < Tig for each market ¢,

margin, leverage, liquidity, and stress constraints hold.

The matrix W, determines how strongly the optimizer seeks to pre-
serve the feasible market-level targets. A higher weight for a market
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means that moving away from its raw signal-driven exposure is treated
as more costly. These weights may reflect forecast confidence, lig-
uidity, expected trading cost, strategic importance, or a simple equal-
treatment rule.

The parameter \p determines the importance assigned to matching
the risk budget. If \p is very high, the program will make larger ad-
justments to preserve sector risk targets. If it is low, the program will
preserve the raw forecast vector more closely and allow greater varia-
tion in sector contributions.

The constrained-construction formulation above is a framework rather
than a required implementation. The percentage risk contributions
are nonlinear functions of the exposure vector, and integer contract
requirements introduce additional complexity. A production system
may instead use a sequence of simpler operations:

+ 1. begin with feasible market targets;
+ 2. apply market and sector caps;

« 3. scale the remaining exposures toward the total volatility objec-
tive;

+ 4. adjust sectors that exceed risk-budget tolerances;
+ 5. round to whole contracts;
« 6. rerun all risk, margin, liquidity, and concentration checks;

« 7. repeat until no hard constraint is breached.

The sequential method is easier to audit. The optimization method
may use capital and risk capacity more efficiently. Either approach is
acceptable if the decision hierarchy, objective, and exception process
are specified in advance.

5.6.4 Portfolio-Level Volatility Scaling
Suppose the preliminary portfolio has estimated volatility
~pre

Opt
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and the approved total volatility objective is

target
Op .

A first-pass portfolio scaling factor is

target
9p
Rpt ~pre
Opy
The scaled exposure vector is
scaled __ pre
X = RKpiX; .

If the preliminary portfolio volatility is 12% and the target is 10%, then

10%
Kpt = m = 0.8333.
The program reduces exposures by approximately 16.7% before ac-
counting for rounding and constraints.

In practice, a portfolio volatility objective should have a tolerance
range:
O_nger < 8’P,t < ULI;PPeF.

A band prevents small changes in covariance or price from generat-
ing unnecessary trading. For example, a program targeting 10% an-
nualized volatility may allow estimated volatility to fluctuate between
9.5% and 10.5% before initiating portfolio-level scaling. The appropri-
ate width depends on expected transaction costs, contract granularity,
model stability, and the frequency of risk measurement.

Portfolio scaling is not a substitute for market-level risk controls. If
one market or sector breaches a hard cap, reducing every position pro-
portionally may preserve an unacceptable concentration. The usual
priority is:
« 1. enforce hard market, sector, margin, and liquidity constraints;
« 2. apply sector budget caps;
» 3. apply portfolio-level volatility scaling;
« 4. round to tradable contract counts;
5

. verify that the rounded portfolio remains admissible.
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5.6.5 Integer Contracts and Final Target Selec-
tion

Portfolio construction is naturally expressed in continuous exposures,
but futures are traded in integer lots. After continuous scaling, the de-
sired contract vector must be rounded:

xscaled
ntarget -0, it
it = ¥ )
P e M; X ¢

where Q;(+) is the approved market-specific rounding rule.

Rounding can change total portfolio volatility, sector contributions,
margin usage, and notional exposure. The system must therefore eval-
uate the integer portfolio rather than assuming that the continuous so-
lution remains valid.

For small portfolios, a single contract can be a material portion of a sec-
tor budget. Consider a market in which one contract contributes 4% of
the program’s target annualized volatility under current conditions. A
continuous optimizer may recommend increasing the position by 0.4
contracts, but the actual choice is between no trade and one full con-
tract. Neither choice may match the continuous target closely.

The appropriate selection criterion is often the integer solution that
minimizes a weighted combination of:

« deviation from the desired signal-driven exposure;
» deviation from total volatility and sector budgets;
« expected trading costs;

« changes in margin and liquidity usage;

» turnover relative to the current position.

This does not require an elaborate mixed-integer optimizer for every
program. A practical implementation can search locally around the
continuous target, testing nearby integer positions and selecting the
feasible combination with the smallest objective value. The important
point is to measure the residual mismatch caused by rounding rather
than treating it as negligible.
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5.6.6 Target Portfolio versus Trade List

The final target portfolio is not the same as the order list. The target
answers: What positions should the program hold after applying fore-
casts, risk budgets, and constraints?

The trade list answers: What trades should the program execute now,
given the current holdings, expected costs, and operational limits?

. 1 t .
If n§wrent jg the current contract vector and n;"® is the final target

vector, the full desired trade is

Aniull — Il;arget _ ngurrent.
An immediate full rebalance is appropriate only when the benefit of
reaching the target exceeds the expected transaction costs and execu-
tion risk. This may be true after a hard constraint breach, a material
risk-limit violation, a contract roll, or a decisive signal change in a
highly liquid market. It is not automatically true for every small fore-
cast or covariance update.

With transaction costs, optimal trading generally implies partial ad-
justment toward a target or aim portfolio rather than instant rebalanc-
ing. Partial adjustment recognizes that the current position has value:
avoiding unnecessary trading preserves expected returns after costs.

5.6.7 Partial Adjustment toward the Target

A simple partial-adjustment rule is

trade
n;

t t
— o () <o <1

The post-trade position becomes
ngost _ ngurrent + 9 (n’;rade) ,

where Q(-) applies integer-contract rounding and order-size rules.

If o, = 1, the program moves fully to the target. If a; = 0.25, it closes
one quarter of the gap during the current rebalance. If the target re-
mains unchanged, repeated rebalances gradually converge toward the
desired position.
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Suppose a market’s current holding is 20 contracts and its final target
is 60 contracts. The full trade is

60 — 20 = 40 contracts.

With o, = 0.25, the first rebalance executes
0.25 x 40 = 10 contracts,

leaving a post-trade holding of 30 contracts. The remaining gap is 30
contracts. If the target remains unchanged, the next adjustment is ap-
proximately 7.5 contracts before rounding.

This rule reduces immediate turnover, but it also leaves the program
temporarily underexposed to the desired signal. The appropriate ad-
justment coefficient should therefore reflect:

« forecast persistence;

« expected transaction costs and market impact;
» market liquidity and order-book depth;

» urgency created by risk or margin constraints;

« the size of the gap relative to the market’s dollar-volatility contri-
bution;

« the frequency of portfolio review.

A slow-moving medium-term trend signal can usually tolerate more
gradual execution than a short-horizon signal. A hard margin breach
cannot.

5.6.8 No-Trade Bands and Signal Buffers

A no-trade band prevents small target changes from generating re-
peated, low-value trades. Instead of trading whenever the target differs
from the current position, the program trades only when the difference
exceeds a defined threshold.
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For market 4, define the contract gap:

__ target current
Git =Ny — Ny -

A simple contract-based band is
Trade marketi onlyif |g;:| > i,

where 3; is a market-specific number of contracts.

A risk-based band is often more consistent across heterogeneous fu-
tures markets. Define the dollar-volatility gap as

GiL,)tV = 19i,t| DV iy

The program trades only when
GPY > BlY,
where BJ" is the approved dollar-volatility band for market i.

Risk-based bands are preferable when contracts differ substantially in
multiplier, price, and volatility. A one-contract difference in a major
equity-index future may be economically modest for a large program,
while one contract in a thin commodity market may be a substantial
change in risk.

A signal buffer applies the same principle before a position change is
generated. For example, a program may require a normalized forecast
to exceed a positive entry threshold before initiating a long position
and fall below a lower exit threshold before closing it:

fie >h™ = permit long entry,
fie <h®t = close or reduce long position,
where

entry exit
hEMY > pexit,

The gap between the entry and exit thresholds creates hysteresis. It
prevents a noisy forecast near zero from repeatedly opening and clos-
ing a position. A symmetric rule can be used for short positions.

Signal buffers should be tested carefully. A buffer can reduce churn,
but it also delays entry, exit, and reversal. Its value depends on whether
the reduction in costs exceeds the loss of responsiveness.
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5.6.9 Turnover Limits

A program should measure turnover in a common economic unit rather
than only in contract counts. A useful one-way notional turnover mea-
sure is

Turnover

K
notional __ Zi:1 ‘Ani,tpi,tMiXi,t|
t Et )

where E, is current program equity.

A dollar-volatility turnover measure is

Turnover

K —
DV Dim1 AN | DV
t - ~target ’

Ipt
where the denominator is an approved portfolio-risk reference
amount.

The notional measure is useful for estimating commissions, bid—ask
costs, and market-impact exposure. The dollar-volatility measure is
useful for assessing how much of the portfolio’s intended risk is being
replaced or reshaped. Both should be monitored.

A daily, weekly, or monthly turnover cap can be written as

K
> A Py M X 4| < T

i=1

When the cap binds, the program must prioritize trades. A reasonable
hierarchy is:

+ 1. trades required to cure hard risk, margin, legal, or exchange-
limit breaches;

« 2. trades required by contract expiry or mandatory roll proce-
dures;

« 3. trades that materially reduce a sector or market concentration
breach;

+ 4. trades with the largest expected improvement in target align-
ment per unit of expected cost;
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+ 5. lower-urgency adjustments arising from small forecast, volatil-
ity, or covariance changes.

This hierarchy ensures that a turnover limit does not prevent necessary
risk reduction while allowing minor portfolio refinements to consume
the available trading capacity.

5.6.10 Execution Speed: Cost versus Risk

Execution creates a trade-off between market impact and the risk of
delaying the desired exposure.

Trading a large order quickly may reduce the time during which the pro-
gram is off target, but it can increase temporary price impact, bid—ask
cost, and implementation shortfall. Trading slowly can reduce imme-
diate impact, but it leaves the program exposed to market movements
while the order is incomplete.

An Almgren—Chriss style framework distinguishes these two costs:

« temporary impact cost, which generally rises when more con-
tracts are traded over a shorter interval; and

« execution risk, which arises because the unexecuted portion of
the order remains exposed to price movements.

Consider an order to buy 1,000 contracts. If the order is executed in
one interval, a simplified quadratic impact specification gives expected
impact proportional to

1(1,000)?,
where 7 is an impact parameter.

If the order is split evenly across five intervals, each interval trades 200
contracts. The corresponding simplified cumulative impact is

51(200)% = 0.201(1,000)2.

Under this stylized assumption, spreading the order across five inter-
vals reduces expected temporary impact by 80%. The cost is that the
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program does not immediately hold the desired 1,000-contract expo-
sure. If the market rises while the buy order is being executed, the
remaining contracts become more expensive; if it falls, delayed execu-
tion may help. The uncertainty of this outcome is execution risk.

The correct schedule depends on the market and the reason for the
trade. A forecast-driven rebalance in a deep and liquid equity-index
future may be staged over several intervals. A position reduction re-
quired by a margin breach, exchange limit, or rapidly deteriorating lig-
uidity condition may require immediate execution despite higher cost.

5.6.11 Rebalance Frequency and Staggered
Implementation

Rebalance frequency should match the information horizon of the sig-
nal and the stability of the risk inputs. A medium-term trend strategy
may calculate forecasts daily but trade on a weekly or monthly sched-
ule, subject to exceptions for large risk changes. A shorter-horizon
strategy may require more frequent adjustment.

A useful distinction is between:

observation frequency: how often forecasts, prices, volatility, co-
variance, and constraints are updated;

« target frequency: how often the desired portfolio is recalculated;

execution frequency: how often orders are released;

emergency frequency: the ability to trade outside the normal
schedule when hard limits or market events require action.

These frequencies need not be identical. A program may calculate
risk daily, produce formal targets weekly, and execute small adjust-
ments over several sessions. This structure reduces unnecessary trad-
ing while preserving the ability to respond to a genuine deterioration
in risk conditions.

Staggered implementation can also reduce concentration in calendar
effects. If all markets are rebalanced at the same month-end close, the
program may repeatedly trade during crowded liquidity windows. A
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staggered schedule distributes lower-urgency adjustments across ap-
proved trading days while ensuring that roll dates, exchange deadlines,
and hard constraints take precedence.

5.6.12 Target Drift and the Cost of Waiting

Turnover control should not be interpreted as permission to ignore tar-
get drift indefinitely. The gap between current and target holdings cre-
ates several forms of risk:

directional drift, because the portfolio no longer reflects current
forecasts fully;

volatility drift, because price changes alter dollar exposures;

sector-budget drift, because correlations and market movements
alter risk contributions;

 margin drift, because changing prices and clearing requirements
can alter capital usage;

execution drift, because a delayed trade may become more expen-
sive or less liquid.

A program should therefore monitor the distance between the current
and target portfolios. One useful measure is tracking error in exposure
space:

PN
TE’;arget _ \/ (X;argﬁ _ X(t:urrent) pIN (X;arget _ Xgurrent).

This quantity estimates the volatility of the difference between the tar-
get portfolio and the actual portfolio. It provides a common metric for
deciding whether deferred trades remain acceptable.

A no-trade band or partial-adjustment policy should be overridden
when target tracking error exceeds a defined limit, when a hard risk
control is breached, or when the economic rationale for delay no longer
applies.
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5.6.13 Rolls, Corporate Actions, and Operational
Trades

Not all turnover arises from changing forecasts. Futures programs
must roll positions from expiring contracts into later maturities. Con-
tract rolls can represent substantial gross turnover even when the pro-
gram’s economic exposure remains unchanged.

Roll execution should be separated in reporting from forecast-driven
trading:
roll

total risk

Turnover signal

operational

= Turnover +Turnover **+Turnover "~ +Turnover

This decomposition helps identify whether high costs come from an
unstable signal, volatile risk estimates, frequent budget changes, or the
mechanics of maintaining futures exposure.

Operational events can also require trades outside the normal rebal-
ance process. Examples include exchange changes to contract specifi-
cations, changes in eligible contract months, unusual margin increases,
position-limit adjustments, and corrections to market data. These
events should follow a documented exception process rather than be-
ing treated as discretionary portfolio decisions.

5.6.14 A Practical Maintenance Rule

A practical implementation policy for a medium-term CTA might use
the following sequence:

+ 1. Recalculate forecasts, volatility estimates, covariance esti-
mates, feasibility controls, and risk-budget diagnostics each busi-
ness day.

« 2. Generate a formal target portfolio on a weekly schedule and
after material risk events.

+ 3. Do not trade a market when the desired change is inside its
dollar-volatility no-trade band.

+ 4. For changes outside the band, move a fixed fraction of the re-
maining gap toward the target, subject to market-specific liquid-
ity limits.
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« 5. Execute immediately when required to satisfy hard margin,
leverage, concentration, expiry, or legal constraints.

« 6. Apply a program-level turnover cap to lower-priority trades.

« 7. Recompute the post-trade portfolio’s volatility, sector risk con-
tributions, margin usage, and target tracking error.

« 8. Record the reason for every trade and every deferred target
adjustment.

This policy is intentionally conservative. It accepts that the live portfo-
lio will often differ somewhat from the frictionless target. That differ-
ence is not necessarily a failure. It is the cost of making the strategy
tradable.

5.6.15 Monitoring the Live Portfolio

The final portfolio process should produce a daily record containing;:

« current positions, final targets, and unexecuted target gaps;

« forecast-driven, risk-driven, roll-driven, and operational trade
components;

« estimated portfolio volatility under normal and stressed covari-
ance assumptions;

« sector and market risk contributions relative to approved bud-
gets;

« gross and net notional exposure;

» initial-margin usage, variation-margin capacity, and available
liquidity;

« realized and estimated trading costs;
« turnover by market, sector, and trade reason;

« exceptions, overrides, and their approving authority.
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The purpose of this record is not administrative completeness alone. It
enables the program to determine whether deviations from expected
performance arose from forecasts, risk estimation, budget constraints,
transaction costs, execution delays, or operational events.

5.6.16 The Portfolio as a Controlled Process

Portfolio construction is not a one-time optimization performed at the
end of research. It is a repeated process that translates changing fore-
casts into durable positions while respecting the realities of futures
trading.

The complete process has four linked properties:

1. Signal fidelity: positions retain the directional information
in the underlying forecasts.

« 2. Risk discipline: total risk, market concentration, sector con-
tributions, margin usage, and liquidity remain within approved
limits.

« 3. Execution discipline: trades are sized and scheduled with
explicit recognition of costs and market impact.

+ 4. Operational resilience: the program can respond to rolls,
margin changes, volatility shocks, and data exceptions without
abandoning its governing rules.

A managed futures portfolio succeeds in live trading not by reaching
every frictionless target immediately, but by maintaining a sensible re-
lationship between target exposures, actual positions, available capital,
and trading costs over time.
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Chapter 6

Execution, Backtesting,
and Research
Validation

A managed futures program is rarely undone by a bad idea alone;
it is usually weakened by the distance between elegant research and
tradable reality. This chapter closes that gap by showing how costs,
liquidity, risk controls, simulation design, validation discipline, and
attribution turn a promising trend model into a program that can
survive contact with markets and scrutiny from capital allocators.

6.1 Designing a Realistic Backtest
Engine

A backtest engine is not merely a return calculator. It is a historical
simulator of a trading operation. Its purpose is to answer a demanding
question: if this CTA program had received the information available
at each point in time, traded the futures contracts actually available,
and paid the costs and financing implied by those trades, what would
its portfolio have earned?
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That distinction is central. A trend signal can be economically sensible
and statistically strong, yet a backtest can still be misleading if it as-
sumes impossible execution, ignores contract expiry, applies modern
contract specifications to earlier history, or treats futures as though
they were fully funded cash securities. In a diversified CTA program,
small optimistic assumptions can compound across dozens of markets,
frequent rebalances, and many years.

The engine therefore comes before fine-tuning the model. A researcher
should be able to inspect every daily portfolio change and answer five
questions:

+ What information was known when the decision was made?

» Which specific futures contract was eligible to trade?

« At what price and time was the order assumed to execute?

« What direct and indirect costs were deducted?

« How did the resulting positions, collateral, margin, and cash

flows change portfolio equity?

If any answer is vague, the historical result is not yet reliable enough
to support an investment decision.

6.1.1 The Backtest Clock: Decisions Must Precede
Trades

The most important convention in a backtest is the ordering of events.
Prices arrive through time; signals are calculated from those prices;
orders are created from signals; and orders can only be filled after the
relevant decision has been made. Violating this sequence creates look-
ahead bias, often without producing an obvious error message.

For a daily trend program, a conservative and easily auditable conven-
tion is:

Use information available at the close of trading day ¢, cal-
culate the desired portfolio after that close, and execute re-
sulting orders no earlier than the next tradable opportunity
ondayt+ 1.
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If the execution convention is “next-day open,” then a signal using the
close or settlement price on day ¢ must be filled at the open on day
t + 1. If the program instead trades near the day ¢ + 1 close, that de-
lay should be represented explicitly. A signal based on today’s closing
price cannot simultaneously be assumed to transact at today’s close
unless the strategy has a practical mechanism to form its decision be-
fore that close and execute it during the closing auction or a sufficiently
liquid pre-close window.

The timing rule must also apply to volatility estimates, risk budgets, lig-
uidity measures, and portfolio-level scaling. For example, if a portfolio
targets 10% annualized volatility using a trailing estimate through day
t, that estimate may determine the order generated after day ¢’s close.
It may not use realized volatility from day ¢ + 1.

The backtest need not assume that every market shares one common
closing time. Equity-index futures, European rates, energy contracts,
agricultural markets, and currency futures can have different trading
hours, settlement conventions, and holiday calendars. A global pro-
gram should define a portfolio decision timestamp that is feasible for
all included markets. One practical approach is to form signals using
each market’s most recently completed session, then submit orders for
the next session in that market. A simpler daily prototype may use a
common end-of-day timestamp, but it should not quietly assume that
later-closing markets were known when earlier markets were traded.

6.1.2 Separate the Signal Series from the Trad-
able Instrument

As we saw in the discussion of continuous return series, a continuous
history is useful for measuring long-run trend. It is not, however, an
instrument that can be bought or sold. A realistic engine maintains two
connected but distinct representations:

« a research series used to calculate the signal, volatility esti-
mate, and other historical features; and

« a tradable contract map identifying the actual listed futures
contract held on each date.
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The distinction prevents a common error: generating a signal from a
smoothly adjusted series and then treating the observed adjustment as
trading profit or loss. At a roll, the program closes an expiring contract
and opens a deferred contract. The two contracts can have different
prices because of carry, seasonality, interest rates, storage conditions,
or delivery economics. The roll is not a free price jump.

For each market and date, the engine should identify at least:

« the eligible listed contracts;

« each contract’s first notice date, last trading date, and final settle-
ment date;

« the selected trading contract;

« the planned roll date or roll window;

« contract multiplier, tick size, currency, and exchange;

« trading calendar and market-specific holiday schedule;

+ liquidity measures used to determine whether a contract is exe-
cutable.

The selected contract might be the nearest liquid contract, the next
quarterly contract, or a deferred contract chosen according to a market-
specific liquidity rule. The choice is a trading rule and must be fixed
before reviewing performance. For example, a program may specify
that it rolls an equity-index future during the established liquidity mi-
gration window into the next quarterly maturity, while an agricultural
contract is exited sufficiently before first notice date to eliminate deliv-
€ery exposure.

A roll should be modeled as two linked transactions: sell g4 contracts
of the expiring maturity and buy g,.., contracts of the deferred matu-
rity, with the signs reversed for a short position. The quantities need
not be identical if contract multipliers differ, if the portfolio is re-risked
at the roll, or if the strategy’s target exposure has changed. What mat-
ters is that both legs receive plausible fill prices and both incur costs.

When liquid calendar-spread markets exist, a program may execute
the roll as a spread rather than legging the two contracts separately. A
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backtest that assumes spread execution should use spread-consistent
costs and should not combine the best price of each outright leg into
an unrealistically favorable fill. Conversely, an engine that assumes
legging must recognize interim price risk between the two legs.

6.1.3 Use Point-in-Time Data and Instrument
Metadata

Historical market data can be contaminated in ways that resemble al-
pha. The most dangerous problems are often not missing prices but
information that was unavailable at the time.

A production-quality simulation uses point-in-time reference data.
Contract specifications, exchange rules, trading hours, listed matu-
rities, and even the practical liquidity center of a futures curve can
change. Applying today’s multiplier, tick value, or expiry convention

to contracts traded decades ago can distort both return and risk.

The following table summarizes the minimum control framework.

Table 6.1: Point-in-Time Controls for a Futures Backtest Engine

Data object

Required point-in-time
treatment

Failure if handled incor-
rectly

Prices and settlements

Use the price published for
the relevant trading date; re-
tain the original timestamp
and distinguish settlement,
open, last, bid, and ask fields.

A close-based model may in-
advertently trade before the
closing price was observable
or use revised data.

Contract reference data

Apply the multiplier, tick size,
currency, expiry dates, and
delivery rules valid for the his-
torical contract and date.

P&L, volatility, margin, and
delivery exposure can be ma-
terially misstated.

Contract availability

Include only contracts that
were listed and tradable at
the time; respect market
launches, delistings, and
exchange holidays.

The simulation can trade a
convenient maturity that did
not exist or was inactive.

Liquidity inputs

Use volume, open interest,
bid—ask estimates, and par-
ticipation limits available at
the decision date.

The program may appear able
to trade at scale in contracts
that were illiquid historically.

Currency conversion

Translate non-base-currency
P&L, fees, and collateral
using a contemporaneously
available FX rate and a
defined timestamp.

Reported performance
can contain hidden FX
look-ahead or unexplained
residual returns.
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Data cleaning should be conservative. A zero price, a stale settlement, a
contract with no observed volume, or a discontinuity caused by a con-
tract specification change should create a review flag rather than be
silently repaired. If the engine replaces a missing price with a prior
observation, it should also prevent trading on that stale price unless
the strategy’s live process would genuinely do so.

This does not mean that every early research prototype requires
institutional-grade tick data. Daily trend research can begin with
daily settlement data and a transparent next-session execution rule.
But it becomes dangerous to use simplified data when the strategy
trades rapidly, relies on narrow spreads, trades thin contracts, rotates
contracts frequently, or claims capacity at a scale for which market
impact matters.

6.1.4 From Target Risk to Tradable Contract Or-
ders

A CTA model commonly produces a desired risk exposure rather than
a number of futures contracts. The backtest engine must translate that
abstract exposure into an integer order while preserving the program’s
sizing rules.

Let wy, denote the desired portfolio weight or risk-budgeted exposure
for market i, V; the current portfolio net asset value, P, ; the relevant
futures price, M, the contract multiplier, and X ; the conversion rate
from the contract currency into the base currency. An approximate
target contract quantity is

« d wz'*.tv;
* =round [ ———— | .
e = TOUNEN oML X

For volatility-scaled strategies, w;, will itself depend on the signal, esti-
mated market volatility, cross-market correlation assumptions, asset-
class constraints, and portfolio volatility target. The exact sizing frame-
work may be sophisticated, but the simulator must ultimately produce
an executable integer quantity.

The order is then
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* held
Agir = 9+ — 9t >

where ¢'¢'® is the quantity held immediately before the rebalance.
This apparently simple calculation must respect several practical con-
straints:

« Contract granularity: Small accounts may be unable to ex-
press a precise risk budget because contracts are indivisible.

» Liquidity limits: A program should cap order size relative to
expected daily volume or open interest, particularly in less liquid
commodities and regional rates markets.

« Participation schedules: Large orders may be dis-
tributed across several sessions rather than assumed to fill
instantaneously.

« Position limits: Exchange, broker, internal concentration, and
delivery-related limits should be applied before orders are ac-
cepted.

« Margin availability: The portfolio should not open positions
requiring more margin than its available collateral and defined
liquidity buffer permit.

« Market closures: If a market is closed or has a stale price, the
engine should retain the existing position rather than invent a
fill.

An order-generation layer should record both the desired quantity and
the executable quantity. The difference is useful information. It re-
veals whether capacity, margin, liquidity, or market-access constraints
systematically prevent the strategy from reaching its intended expo-
sures.

for each trading date t:

ingest prices, contract metadata, calendars, and FX available through t close
mark existing positions using the defined settlement convention

update cash for variation margin and collateral interest

if t is a scheduled portfolio decision date:
compute signals and risk estimates using information through t close
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select each market’s eligible tradable contract
calculate target integer contract quantities
create orders subject to margin, liquidity, and position constraints

on each market’s next executable session:

process required roll orders and ordinary rebalance orders

apply the chosen fill-price and execution-schedule assumptions
deduct commissions, bid-ask spread, slippage, and market impact
update positions, cash, margin requirement, and trade records

calculate end-of-day NAV, exposures, risk measures, and audit fields

The ordering in this event loop matters more than the programming
language used to implement it. A transparent loop that faithfully re-
spects time and contract mechanics is more valuable than an elaborate
optimizer operating on contaminated inputs.

6.1.5 Fill Prices, Transaction Costs, and Imple-
mentation Shortfall

A backtest should distinguish between the price at which a portfolio
decides to trade and the price at which it actually executes. The gap
between the two is implementation shortfall.

Suppose a strategy observes a settlement price of Pi‘ffCiSiO" and buys at

an execution price P;/;/,. For a purchase, an unfavorable fill occurs
when

fill decision
Py > Py .

For a sale, the unfavorable direction is reversed. The resulting short-
fall includes overnight price movement, bid—ask spread, commissions,
exchange fees, and the market impact caused by the program’s own
order.

A practical daily cost model can begin with four components:

S

|AQi,t
ADV;; )’

Ci = |Agi | M; ( ;t +€i,t> +  |AGfir F|AG M Pk, <
———

commissions and fees

spread and adverse slippage market impact
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where:

* s, 1s the bid—ask spread expressed in price units;

- {;, is additional adverse slippage in price units;

e fi1s the all-in per-contract fee;

« ADV;, is an estimate of average daily volume in contracts;
* k; calibrates impact for market i; and

+ a > 0 permits costs to rise more than proportionally with order
size.

The formula is not a claim that market impact can be measured with
precision from public data. Futures order-book transparency is incom-
plete, and actual costs vary by session, volatility regime, execution bro-
ker, and urgency. Its purpose is to impose the correct economic direc-
tion: trading more contracts, or trading a larger fraction of available
liquidity, should not be free.

For a broad, slow-moving trend program, a reasonable starting point
may be a conservative half-spread estimate plus fees and a modest im-
pact charge. For a faster strategy or a large account, this is inadequate.
The engine should model execution schedules, participation limits, and
awider range of stressed costs. Costs should also be re-estimated when
the portfolio’s assets under management change, because capacity is a
property of both the strategy and the trading footprint.

The fill convention must be explicit. Common choices include:

A useful discipline is to report performance under several cost assump-
tions: baseline, conservative, and stressed. A strategy whose Sharpe
ratio disappears under a modest widening of spreads or a doubling of
impact is not necessarily unusable, but its implementation risk is high
and should be treated accordingly.

6.1.6 Futures P&L, Variation Margin, and Collat-
eral

A futures contract is not purchased in the same way as a cash equity
or bond. Entering a futures position generally requires margin, but
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Table 6.2: Common Fill Conventions and Their Appropriate Uses

Convention Useful for Important limitation
Next-session open plus costs Daily systems that can sub- The opening price may be
mit orders before the relevant  volatile, locked, or unrepre-
opening session. sentative of the price achiev-
able for a large order.
Next-session VWAP estimate  Programs designed to exe- Requires a defensible volume
plus costs cute gradually during liquid  profile and should not use
daytime hours. realized intraday information
unavailable when the sched-
ule was chosen.
Close-to-close with explicit  High-level research where  Can be useful for sensitivity
delay only settlements are avail- analysis but should not be
able. presented as an exact execu-
tion simulation.
Intraday participation model ~ Large programs, faster mod- Requires detailed market
els, or capacity studies. data, execution assumptions,
and careful treatment of
partial fills.

the full notional value is not paid upfront. Gains and losses are set-
tled through variation margin as futures prices change. Consequently,
a backtest should calculate futures P&L from price changes and sepa-
rately account for collateral and financing.

For a position of ¢; ;1 contracts held from one settlement to the next,
the daily variation-margin P&L in the contract currency is approxi-
mately

VM __ settle settle
Hi,t = qi,t—1M; (Pz',t - Pi,t—l ) .

This expression is correct only when the position is held unchanged
through the settlement interval. If the strategy trades at the next open,
the day’s P&L should be split into the pre-trade and post-trade por-
tions:

I 0 = qig—1 M; (PP — PEEME) 4 gb9 =% M, (Pegttle — PP
This decomposition prevents the engine from assigning the overnight

move to a position that was not yet held, or assigning the intraday move
to a position that was already closed.

In a base currency, portfolio net asset value evolves as
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V;E _ V;t—l + ZXi,tHi,t _ Z Ci,t + Itcollateral _ thinan,cing + GtFX,

where Ieollateral is interest earned on eligible collateral, F/ """ cap-
tures borrowing or other financing costs, and GfX represents any sep-
arately modeled currency translation effect.

Collateral return matters particularly in long historical samples and
changing interest-rate regimes. A fully collateralized futures portfolio
earns the return on the collateral pool in addition to futures variation
margin, subject to the actual instruments, haircuts, and financing ar-
rangement assumed by the program. A simulation that ignores collat-
eral return may understate historical results in high-rate periods; one
that assumes an unrealistically favorable cash rate may overstate them.

Margin should be modeled as a constraint and a liquidity requirement,
not as a return source. The engine should track at least:

« initial and maintenance margin requirements;
« excess collateral after margin;

« concentration or stress add-ons imposed by the broker or inter-
nal risk policy;

« cash required to meet variation margin following adverse moves;
and

« forced de-risking rules if available collateral falls below the re-
quired buffer.

A backtest that assumes unlimited leverage can continue holding po-
sitions through losses that would have required real-world liquidation
or capital infusion. This is especially important when testing leveraged
volatility targets through severe market dislocations.
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6.1.7 Portfolio Rebalancing Is an Execution Pol-
icy

A target portfolio is not the same thing as a traded portfolio. The gap
between them is determined by the rebalancing policy.

A daily trend program may calculate desired positions every day but
trade only when the difference from the current position exceeds a
threshold. This reduces turnover and cost, but also creates tracking
error relative to the idealized signal. A weekly or monthly rebalance
may further reduce trading, while responding more slowly to a reversal
or volatility shock.

The engine should distinguish:

« signal frequency, or how often the model is updated;

« risk-estimate frequency, or how often volatility and correla-
tions are refreshed;

 rebalance frequency, or how often targets are translated into
orders;

+ execution horizon, or how long orders take to complete; and

+ roll schedule, which may occur independently of ordinary re-
balancing.

These choices interact. A portfolio that updates daily but trades only
when positions differ by at least one contract has a different turnover
profile from one that trades every small sizing change. Neither choice
is automatically superior; the important point is that the historical sim-
ulation must apply the same rule that the live program could follow.

For multi-asset CTA portfolios, rebalancing also has a cross-market di-
mension. If one market is closed, limit-locked, or illiquid while others
aretradable, the engine should allow temporary divergence from target
weights. Forcing all markets to rebalance simultaneously at theoretical
prices understates the operational friction of managing a global port-
folio.
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6.1.8 Auditability, Reconciliation, and Engine
Tests

A believable backtest is reproducible from its inputs. Each run should
create an audit trail containing, at minimum:

« data version and instrument metadata version;
« signal values and timestamps;
« selected contracts and roll decisions;

« target positions, submitted orders, fills, and rejected or con-
strained orders;

« fill prices, cost components, and FX conversions;

« daily positions, gross and net exposures, margin, collateral, and
NAV;

« configuration settings, code version, and run timestamp.

This record is not administrative overhead. It allows a researcher to
diagnose whether a strong month came from a genuine trend move,
a contract-roll artifact, an unusually favorable fill assumption, or an
accidental data change.

The engine should also contain automated invariants. Examples in-
clude:

A contract cannot be traded before its listing date or after its last
tradable date.

» Along position benefits from a positive price move and loses from
a negative price move, all else equal.

+ A round trip with unchanged prices cannot produce a profit after
positive trading costs.

« Total portfolio P&L must equal the sum of market P&L, collateral
return, financing, FX effects, and costs.
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+ Aroll cannot create unexplained P&L solely because the research
series was back-adjusted.

« No order may use a price, volume measure, or contract attribute
first known after the decision timestamp.

A valuable validation exercise is a hand reconciliation of several dates:
an ordinary rebalance, a roll date, a major gap move, a margin-stress
day, and a market holiday. If the researcher cannot reproduce those
days from the trade blotter and accounting records, the aggregate
Sharpe ratio should not yet be trusted.

6.1.9 A Practical Standard for Research and Pro-
duction

Not every idea requires a full production simulator at inception. Early
research should be fast enough to reject weak concepts efficiently. Yet
simplification is acceptable only when it is visible and when its likely
bias is understood.

A useful progression is:

- Exploratory prototype: Daily data, simple next-session exe-
cution, broad cost assumptions, and a restricted liquid universe.
Its role is to test economic plausibility, not to estimate investable
returns precisely.

« Research-grade engine: Point-in-time contract mapping,
roll rules, realistic multipliers, collateral accounting, explicit
costs, margin constraints, and reproducible records.

« Production-parallel simulation: The same instrument uni-
verse, position-sizing logic, trading calendar, order workflow,
cost model, and risk limits intended for live operation.

The transition from the first stage to the second is often where appar-
ent alpha declines. That is not a failure of research; it is the discovery
of the strategy’s true economic profile. A trend model that remains
attractive after realistic contract selection, execution delay, rolls, costs,
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and collateral treatment has passed a far more meaningful test than
one evaluated only on frictionless continuous returns.

The next task is to determine whether that surviving performance re-
flects a durable relationship or the accidental selection of a favorable
historical specification.

6.2 Overfitting, Multiple Testing, and
Robustness

A realistic backtest engine removes mechanical optimism. It does not,
by itself, establish that a trading rule contains a durable edge. Once the
simulator can represent contract rolls, execution delays, costs, collat-
eral, and margin correctly, the next risk is research optimism: select-
ing the historical specification that happened to work best.

This distinction matters because trend-following research offers
many apparently reasonable choices. A researcher may vary lookback
horizons, volatility windows, rebalance schedules, markets, weighting
schemes, cost assumptions, signal combinations, risk overlays, and
start dates. Each individual choice may be defensible. The problem
arises when many alternatives are tried and the strongest historical
result is presented as though it were the result of a single pre-specified
test.

A backtest is not evidence merely because it is profitable. Itis evidence
only to the extent that its result remains credible after accounting for
the number of opportunities the researcher had to find a favorable re-
sult by chance.

6.2.1 What Overfitting Looks Like in CTA
Research

Overfitting occurs when a model captures historical noise, temporary
market structure, or accidental interactions between design choices
rather than a relationship likely to persist. The model may fit the past
extremely well while failing to generalize to new markets, new periods,
or live trading conditions.
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In a CTA setting, overfitting rarely appears as an obviously absurd rule.
More often, it emerges through incremental refinement:

« A baseline trend signal is tested.
« Several lookback horizons are evaluated.

« The strongest horizon is combined with a volatility estimator that
improves the backtest.

« A few weak markets are removed.

+ A drawdown rule is added after observing a painful historical
episode.

 The portfolio is reweighted to improve its Sharpe ratio.

« A favorable start date or sample definition becomes the reported
result.

Each step can improve the in-sample backtest. Taken together, they
can produce a strategy that is highly tailored to one historical path.

The danger is especially acute because managed-futures returns are
noisy and episodic. Trend programs often earn a substantial portion
of their long-run profit during a relatively small number of persistent
market moves. A particular parameter may appear superior simply be-
cause it happened to enter one major crisis trend earlier, exit another
trend later, or avoid one reversal by chance. That does not mean the
parameter contains superior forecasting information.

A useful intuition is to think of historical performance as containing
two components:

Observed performance = Durable economic effect+sample-specific luck.

Research seeks to estimate the first term. Parameter searching tends
to select specifications with unusually favorable realizations of the sec-
ond.
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6.2.2 Multiple Testing Changes the Meaning of a
Strong Backtest

Suppose a researcher tests one fully specified model and obtains an
attractive Sharpe ratio. The result may still be noisy, but its interpreta-
tion is straightforward: the model was tested once on a given historical
sample.

Now suppose the researcher tests NV variations and selects the best one.
Even if every variation has zero true expected return, the best histor-
ical result is likely to look positive. The larger N becomes, the more
impressive the best result can appear.

Under highly simplified assumptions—independent trials, normally
distributed returns, and 7" independent return observations—the ex-
pected maximum Sharpe ratio from pure noise rises approximately
with

2In(N)

SRmam ~
T

This expression is not a complete test for a real CTA program. Strategy
variations are usually correlated, return observations are not perfectly
independent, and volatility is time-varying. Its value is conceptual: se-
lecting the best result from a large search is fundamentally different
from evaluating a single pre-specified model.

The relevant number of trials is broader than the number of parameter
combinations in one optimization grid. It includes every meaningful
research choice that could have changed the reported result:

« alternative signal definitions and transformations;

lookback and holding horizons;

« volatility estimators and volatility floors;

« different trading universes and liquidity screens;

« asset-class weights, risk caps, and correlation assumptions;

« rebalance frequencies and turnover thresholds;
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« roll rules and execution-cost settings;
« drawdown overlays and crisis filters;
« sample start dates, end dates, and excluded episodes;

» benchmark choices and performance-reporting conventions.

A researcher need not literally count every exploratory chart or note-
book cell. But the research process should acknowledge that a strategy
selected after extensive iteration requires stronger evidence than one
evaluated from a narrow, economically motivated hypothesis.

6.2.3 The Difference Between a Hypothesis and a
Historical Story

A robust research process begins with a hypothesis that can be stated
before the final backtest is observed. The hypothesis need not be math-
ematically elaborate. It should identify the expected economic mech-
anism, the intended market scope, and the broad conditions under
which the model should work.

For a diversified trend program, a reasonable hypothesis might be:

Persistent price moves in liquid futures markets should
create medium-horizon return continuation across
equity-index, fixed-income, commodity, and currency
sectors.  Volatility scaling and broad diversification
should improve the consistency of portfolio risk, while
implementation costs should reduce but not eliminate the
expected return.

This statement does not predict a precise Sharpe ratio, the best look-
back window, or the exact contribution from every market. It does
provide a discipline for evaluating results. If the proposed model works
only in one commodity subgroup, only after a particular date, or only
with one unusually precise parameter, the observed behavior is weaker
than the hypothesis suggested.
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A historical story moves in the opposite direction. It begins with a re-
sult and then invents an explanation for why the result should have
occurred. For example:

The 137-day lookback is best because it captures the aver-
age duration of institutional trend persistence.

That explanation may sound plausible, but it should be treated cau-
tiously if 137 days was chosen from a broad search over many nearby
horizons. A parameter selected after observing the result is not auto-
matically invalid; it is simply not independent evidence.

The practical remedy is to record the research decision before conduct-
ing the decisive test. A hypothesis log can be short, but it should pre-
serve what was known and intended at the time.

Research question:
Does medium-horizon time-series trend improve risk-adjusted returns
after realistic futures costs across all four major asset classes?

Economic rationale:
Persistent repricing may arise from gradual information diffusion,
hedging demand, policy shifts, and investor underreaction.

Pre-specified design range:

Lookback horizons: 3, 6, 9, and 12 months

Volatility windows: 40, 60, and 90 trading days

Universe: liquid futures satisfying the established feasibility rules
Execution: next-session trading with baseline and stressed costs

Primary evaluation:
Net Sharpe ratio, maximum drawdown, turnover, and consistency
across asset classes and historical subperiods.

Failure conditions:
No positive net result outside one sector; material deterioration
under conservative costs; or performance concentrated in one episode.

The purpose of this record is not to prevent exploration. Exploration
is necessary in quantitative research. Its purpose is to separate ex-
ploratory findings from confirmatory evidence. A model discovered
through exploration should be tested subsequently under rules that
were not chosen by inspecting the same data.
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6.2.4 Parameter Robustness: Prefer Plateaus to
Peaks

A durable model should usually work across a region of sensible pa-
rameter values, not only at one narrow optimum. This is particularly
important for trend systems because there is rarely a compelling eco-
nomic reason why one exact lookback, volatility window, or rebalance
threshold should dominate all nearby alternatives.

Consider a trend horizon parameter L, measured in trading days. If
performance is strong at L = 120, L = 160, L = 200, and L = 240, the
evidence is more persuasive than if performance is exceptional at L =
173 but weak at L = 160 and L = 180. The first pattern suggests that
the model is capturing a broad medium-term continuation effect. The
second suggests that the selected setting may be exploiting a historical
accident.

Parameter robustness should be evaluated using net results, not gross
results. A short-horizon specification may appear attractive before
costs but become inferior after realistic turnover, bid—ask spread, and
market impact are included. Likewise, a parameter that produces a
high gross Sharpe ratio by trading aggressively through noisy reversals
may not be viable once execution frictions are imposed.

A parameter neighborhood can be evaluated along several dimensions:

» Return stability: Are average returns positive across nearby
settings?

» Risk stability: Does realized volatility remain near the in-
tended target?

» Cost stability: Does the apparent edge survive conservative
transaction-cost assumptions?

« Turnover stability: Is the preferred parameter simply the one
that benefits most from a favorable but fragile turnover assump-
tion?

« Behavioral stability: Do nearby parameters exhibit broadly
similar crisis and reversal behavior?
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The preferred implementation need not be the single highest historical
point. In fact, selecting a slightly less profitable parameter from the
center of a broad stable region is often preferable. It sacrifices a small
amount of in-sample performance in exchange for a lower probability
that the chosen setting is an accidental maximum.

This principle applies beyond numerical parameters. A portfolio
should not depend on one exact market list, one narrowly defined
liquidity cutoff, or one uniquely favorable cost estimate. If removing
two contracts destroys the result, the strategy may be relying on
concentrated historical luck rather than diversified trend exposure.

6.2.5 Cross-Sectional and Temporal Consistency

Trend-following is implemented across markets because no individual
futures contract offers a sufficiently stable return source. Robustness
should therefore be assessed across both the cross-section of instru-
ments and the time series of market environments.

Consistency across markets.

A diversified CTA program does not require every contract to make
money. Trend effects can be absent for long periods in a given market,
and some markets can have structurally higher costs or noisier price
behavior. However, the overall pattern should be reasonably broad.

A model is more credible when it produces sensible net results across
several asset classes:

« equity-index futures;
« government-bond and short-rate futures;
+ energy, metals, agricultural, and other commodity futures;

« currency futures.

The precise contribution of each group will vary. Commodities may
dominate during inflationary supply shocks; rates may dominate dur-
ing monetary-policy cycles; currencies may contribute during persis-
tent macroeconomic divergence. The important question is whether
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the signal’s behavior is consistent with the intended diversified design,
rather than being driven by one historical winner.

Consistency across time.

A model should also be examined in economically distinct subperiods.
Useful partitions may include:

« high- and low-inflation environments;

« rising- and falling-rate periods;

+ equity crises and calmer equity markets;
+ high- and low-volatility regimes;

« early and recent portions of the sample;

« periods before and after important changes in futures-market lig-
uidity or electronic trading.

The goal is not to demand uniform returns every year. A trend program
should be expected to experience flat and negative periods, especially
during abrupt reversals and range-bound markets. Instead, the ques-
tion is whether poor periods are understandable consequences of the
strategy’s design or evidence that the apparent long-run result depends
on a single historical regime.

A useful diagnostic is to calculate the fraction of total profit generated
by the strongest months, quarters, markets, and asset classes. Con-
centration is not automatically a defect: crisis trends can legitimately
account for an important part of a CTA program’s return. But extreme
concentration deserves explanation. A strategy that earns most of its
historical profit from one market during one episode is not equivalent
to a diversified trend program, regardless of its headline Sharpe ratio.

6.2.6 Robustness Tests Should Try to Break the
Model

A weak validation process asks, “How can this backtest be made bet-
ter?” A stronger process asks, “What reasonable change would make
this model fail?”
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The second question promotes falsification. It directs attention toward
assumptions that are favorable but uncertain: transaction costs, exe-
cution delay, market selection, volatility targeting, and dependence on

specific historical episodes.

Table 6.3: Robustness Tests for a Diversified CTA Trend Model

Test

Question addressed

Concerning outcome

Parameter neighborhood test

Does performance persist
across nearby lookbacks,
volatility ~windows, and
rebalance rules?

One isolated parameter pro-
duces nearly all of the appar-
ent improvement.

Subperiod test

Does the model retain accept-
able behavior in distinct mar-
ket regimes?

Most profit arises in one short
interval or disappears in re-
cent data.

Asset-class test

Is the return source broad
across equities, rates, com-
modities, and FX?

The portfolio is effectively a
concentrated bet on one sec-
tor or contract.

Leave-group-out test

Would the result survive
removal of one market,
commodity complex, or asset
class?

Removing a small group elim-
inates most of the portfolio’s
return.

Cost stress test

Does the strategy remain
viable under wider spreads,
greater slippage, and higher
impact?

A modest cost increase turns
an attractive net strategy into
a marginal one.

Execution-delay test

Is the result dependent on im-
mediate or unrealistically fa-
vorable fills?

A one-session delay materi-
ally reverses the result.

Universe-vintage test

Does performance depend
on using today’s market
universe in earlier decades?

The result declines sharply
when historical market avail-
ability is respected.

Risk-scaling test

Does the edge persist under
reasonable changes in volatil-
ity estimation and portfolio
targeting?

The result depends primarily
on one leverage or volatility-
scaling convention.

Drawdown-path test

Are losses distributed plausi-
bly, and can the program sur-
vive its stressed periods?

The strategy has a small av-
erage loss but one historically
unacceptable drawdown.

The tests should be interpreted collectively. A model will rarely pass
every test perfectly. What matters is whether weaknesses are known,
economically understandable, and acceptable relative to the intended
mandate.

For example, a medium-term trend program may reasonably lose
money during sudden reversals because it enters trends after they be-
gin and exits after they weaken. That is a known structural cost of trend
exposure. By contrast, a model that fails only when transaction costs
are increased slightly may be relying on a fragile implementation as-
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sumption rather than a robust return source.

6.2.7 Avoiding Selective Samples and Condi-
tional Exclusions

Researchers can overfit without changing a single model parameter.
Selecting a favorable historical sample can be equally damaging.

Common forms of sample selection include:

« beginning the test after an unfavorable early period;

+ ending the sample before a recent drawdown;

excluding markets that happened to lose money;

removing difficult roll periods or exchange disruptions;

« omitting contracts with incomplete histories while retaining fa-
vorable surviving markets;

« reporting only the strongest signal sleeve or asset-class alloca-
tion.

Some exclusions are legitimate. A contract may be excluded because it
lacked sufficient liquidity, had unreliable data, or could not satisfy the
established feasibility rules. The distinction is whether the rule was
economically and operationally justified independently of the result.

A good practice is to maintain two universes:

« the eligible universe, defined from liquidity, contract availabil-
ity, and operational constraints; and

« the reported universe, showing all eligible instruments, in-
cluding those that performed poorly.

If a market is removed after observing weak performance, the removal
should be treated as a new model choice and tested out of sample. Oth-
erwise, the program quietly converts an unfavorable observation into
a hidden parameter optimization.
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The same caution applies to “regime filters.” A filter that avoids trend
trading during historically choppy markets may be economically valid
if it is based on information known at the time and has a broad ratio-
nale. But a filter designed after identifying the exact months in which
the strategy lost money is likely to be a historical patch rather than a
durable risk control.

6.2.8 Measure More Than the Sharpe Ratio

The Sharpe ratio is useful because it summarizes average excess return
relative to volatility. It is not enough to establish robustness. Two CTA
programs can have the same Sharpe ratio while having very different
sources of return, turnover, drawdown profiles, liquidity demands, and
dependence on rare trends.

A robust validation package should report at least:

Tp — Ty
b
o(rp)

Sharpe =

together with the following diagnostics:

« annualized return and realized volatility;

+ maximum drawdown, drawdown duration, and recovery time;
+ downside deviation and Expected Shortfall;

 skewness and the frequency of large gains and losses;

« monthly and annual hit rates;

« turnover and estimated implementation costs;

« gross and net performance;

« exposure and risk contribution by asset class;

« performance during major market stress and reversal periods;

« sensitivity to costs, leverage, and execution delay.
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Expected Shortfall is particularly useful when reviewing CTA draw-
downs because it focuses on the average loss in the worst tail observa-
tions rather than only the loss at one threshold. A strategy can appear
well behaved under volatility-based statistics while still containing a
cluster of unusually damaging reversal losses.

The central question is not whether every metric is attractive. It is
whether the set of metrics tells a coherent story. A diversified trend pro-
gram should generally display positive long-run returns, meaningful
but explainable drawdowns, exposure that moves with signals rather
than static directional bets, and costs that are proportionate to its trad-
ing horizon.

6.2.9 Research Degrees of Freedom Must Be Gov-
erned

The practical defense against multiple testing is not to ban all exper-
imentation. It is to govern experimentation so that the organization
knows which results are exploratory and which are confirmatory.

A disciplined research team should maintain an experiment ledger that
records:

+ the research question;

 the model version and code version,;

« the data version and market universe;

+ parameter ranges considered;

« the sample used for development;

« the evaluation metrics;

« the result of each major trial;

« the decision to reject, retain, or promote the idea.
This process has two benefits. First, it prevents the team from forget-

ting unsuccessful experiments and overstating the apparent original-
ity or strength of the final model. Second, it helps identify repeated
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searching in the same dimension. A researcher who has tried twenty
volatility filters has not conducted one test merely because only one
filter appears in the final presentation.

The model-selection decision should also be separated from the report-
ing decision. If the research team chooses a parameter because it pro-
duces the best historical Sharpe ratio, then the final report should dis-
close that selection rule and show the surrounding parameter results.
If a model is selected for simplicity, lower turnover, or broader asset-
class consistency despite a slightly lower Sharpe ratio, that decision
should likewise be documented.

This discipline is especially important when small improvements are
claimed. A change from a net Sharpe ratio of 0.55 to 0.60 may be
economically meaningful if it reflects a genuine reduction in costs or
a broad improvement in risk diversification. It may also be indistin-
guishable from noise if it emerged after many closely related variants
were tested. The smaller the claimed improvement, the stronger the
robustness evidence should be.

6.2.10 Robustness Is Evidence, Not Proof

No historical procedure can prove that a CTA trend model will work in
the future. Markets evolve, liquidity changes, execution costs vary, and
the behavior of other participants can alter return patterns. The pur-
pose of robustness analysis is more modest and more useful: it reduces
the probability that capital is allocated to a historical accident.

A model deserves greater confidence when it has the following charac-
teristics:

« It follows from a simple economic or behavioral hypothesis.
« It uses a limited number of meaningful design choices.
» Its net performance is stable across nearby parameter values.

« It works across multiple markets, asset classes, and market envi-
ronments.

« It survives realistic and stressed implementation assumptions.
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« It does not depend excessively on one period, market, or crisis
episode.

« Its weaknesses are understood before capital is committed.

The objective is not to find a perfect backtest. Perfect historical smooth-
ness is often itself a warning sign. The objective is to identify a model
whose return pattern remains credible after the researcher has made a
serious effort to challenge it.

The next stage is to turn that discipline into an operating process: defin-
ing what is learned in development data, what must remain untouched
for testing, when a model is frozen, and how research evidence is gov-
erned before a strategy reaches production.

6.3 Walk-Forward Testing and Research
Workflow

The prior section established that a strong in-sample backtest is not suf-
ficient evidence for a CTA program. A model can appear robust across
nearby parameters and still have benefited from repeated exposure to
the same historical sample. Walk-forward testing addresses this prob-
lem by imposing a simple but powerful rule:

At each point in simulated history, model choices may use
only information that would have been available at that
time.

This rule converts validation from a one-time statistical exercise into
a chronological research process. The strategy is developed using an
initial body of history, frozen, tested on a later period, and then recon-
sidered only according to pre-specified rules. The process is repeated
as time advances.

For managed futures, walk-forward testing is especially useful because
the relevant economic environment changes through time. Inflation
regimes change, interest-rate regimes change, exchange liquidity de-
velops, new contracts are listed, and correlations between asset classes
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can shift sharply. A model that works only because it was calibrated
using knowledge of a later regime is not a realistic representation of
how the program could have been managed.

6.3.1 The Three Roles of Historical Data

Historical data should not be treated as one undifferentiated pool. It
serves different purposes at different stages of research.

1. Training data is used to formulate the model, estimate param-
eters, select broad design choices, and understand expected be-
havior.

2. Validation data is used to compare a limited set of candidate
specifications and reject fragile alternatives without touching the
final test period.

3. Out-of-sample data is used to evaluate a model that has al-
ready been frozen. It should not be repeatedly mined for im-
provements.

The distinction is easiest to understand through an analogy. Training
data is the material used to write an examination syllabus. Validation
data is a practice examination used to choose between a small number
of study approaches. Out-of-sample data is the final examination. If
the researcher sees the final examination, changes the model, and then
evaluates the revised model on the same questions, the examination no
longer measures independent knowledge.

For along-lived CTA program, the division is chronological rather than
random. Randomly shuffling daily futures returns would destroy the
time ordering that defines trend, volatility clustering, transaction costs,
and drawdown behavior. The training period must precede the valida-
tion period, which must precede the test period.

A simple initial partition might be:

Training —  Validation —> Out—of —sample test
—_——— ——

earliest history later history most recent untouched history
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This structure is useful for early model development, but it is not suf-
ficient by itself for a production-oriented CTA program. A single split
can make the conclusion depend too heavily on one particular test in-
terval. Walk-forward testing creates multiple chronological tests in-
stead of relying on one.

6.3.2 The Basic Walk-Forward Procedure

A walk-forward study selects a historical decision date, uses only prior
data to determine the model, and then evaluates the frozen model over
the subsequent period. The decision date is then advanced, and the
process is repeated.

Let ¢, denote the k-th model-selection date. At each date, the re-
searcher uses a training sample ending at ¢ to select model settings
gkl

0, = argmax J (Dtrain(t < tk)a 9) )
0coe

where 7 is a pre-specified selection criterion and © is the restricted set
of permissible model configurations.

The selected settings are then frozen and applied to the next test inter-
val:

e <t <tlpy1.

The resulting out-of-sample returns from each test interval are concate-
nated:

rVE = (0k), b <t <tpir
The combined return stream r}V¥' is the walk-forward result. It rep-
resents the performance of a process that repeatedly made decisions
using information available at the time, rather than a single model cal-
ibrated with hindsight.

The procedure should include the full simulation architecture devel-
oped earlier in the chapter. At each walk-forward date, the strategy
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must use the historically available universe, contract map, costs, mar-
gin assumptions, and execution rules. It is not enough to make the
signal selection point-in-time if the market universe or contract speci-
fications still use future information.

6.3.3 Expanding and Rolling Training Windows

The main design choice in a walk-forward framework is how much his-
torical data remains available when the model is recalibrated.

An expanding window retains all prior history. If the first training
period runs from date ¢, through date ¢;, the next training period ex-
tends from ¢y through date -, and so on. This approach uses the max-
imum available information and is appropriate when the research hy-
pothesis assumes that the underlying relationship is relatively stable
over time.

A rolling window uses only a fixed-length recent history. For exam-
ple, a program might use the previous ten years of data at each annual
recalibration. This approach gives more weight to recent market struc-
ture and can be appropriate when liquidity, execution technology, or
the tradable futures universe has changed materially.

The following table compares the two approaches.

Table 6.4: Expanding and Rolling Windows in CTA Walk-Forward Re-
search

Feature

Expanding Window

Rolling Window

Training sample

All history available before
the decision date.

A fixed-Iength history ending
at the decision date.

Primary strength

Uses the largest possible sam-
ple and reduces parameter-
estimation noise.

Allows the model to adapt
to structural changes in mar-
kets and implementation con-
ditions.

Primary weakness

Very old data can dominate
estimation even if market
structure has changed.

Shorter samples increase
estimation uncertainty and
can encourage excessive
retuning.

Appropriate use

Slow-moving strategic
choices, broad trend hori-
zons, and stable portfolio
architecture.

Parameters plausibly linked
to recent liquidity, costs,
volatility, or market composi-
tion.

Main research risk

Treating old history as
equally informative when it
is not.

Mistaking recent noise for a
genuine structural shift.
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Neither choice is automatically superior. The important requirement
is that the window design be economically motivated and fixed before
reviewing the final walk-forward results. A rolling ten-year window
selected because it produces the best historical Sharpe ratio is another
form of parameter search. A rolling window selected because the pro-
gram’s liquidity model is intended to reflect current market conditions
has a clearer rationale.

For many diversified trend programs, a practical compromise is to
keep the core signal architecture stable while allowing a limited set of
operational estimates to update on a scheduled basis. For example, a
program may retain fixed trend horizons and asset-class risk budgets,
while updating volatility estimates, liquidity screens, transaction-cost
inputs, and eligible contract lists using recent data.

6.3.4 Retuning Is a Trading Rule, Not a Research
Convenience

A walk-forward result is meaningful only when the retuning process
itself is specified. If the researcher changes parameters whenever the
existing model begins to underperform, the process becomes discre-
tionary and cannot be evaluated cleanly.

Every adaptive element should have four explicit attributes:

1. Whatis allowed to change? For example, volatility estimates,
market eligibility, cost assumptions, or signal weights.

2. What information is used? The training window, data fields,
and point-in-time availability rules.

3. How often can it change? Daily, monthly, quarterly, annu-
ally, or only after a formal review.

4. What rule selects the new value? A fixed formula, a con-
strained optimization, or an approval decision based on pre-
specified criteria.

Consider the difference between two statements:
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“The trend lookback is adjusted when market conditions
change.”

and

“At each year-end, the program selects one of four
pre-approved trend horizons using the preceding ten years
of net-of-cost returns, subject to minimum asset-class
breadth and turnover constraints. The selected horizon
remains fixed for the following calendar year.”

The first statement describes discretionary adaptation. The second de-
scribes a rule that can be tested historically.

In general, a CTA program should be cautious about frequent retuning
of core trend parameters. Trend models often require long samples
to distinguish genuine persistence from noise. A process that changes
lookbacks, signal weights, or risk allocations every month can create
the appearance of responsiveness while actually chasing recent out-
comes. More frequent updates are usually more defensible for market
data that genuinely changes quickly, such as volatility, margin require-
ments, liquidity estimates, and contract eligibility.

6.3.5 Boundary Conditions at the Start of Each
Test Window

Walk-forward testing requires careful treatment of the boundary be-
tween training and testing periods. A portfolio does not begin each test
window with no positions and no history. It enters the period carrying
positions, collateral, unrealized economic exposure, and risk estimates
derived from information available before the boundary date.

The correct procedure is generally:

1. Use data through the end of the training period to estimate the
frozen model settings.

2. Calculate the signal and portfolio targets using only information
available at that boundary.
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3. Carry the simulated portfolio state forward into the test period.

4. Trade, roll, mark positions, and apply costs according to the pro-
duction rules.

5. Do not revise the selected settings using outcomes observed dur-
ing the test interval.

This approach avoids an artificial restart at each test window. A trend
portfolio may enter a test period holding positions that were estab-
lished during the training period. Liquidating those positions solely
because a new test interval begins would create turnover and return
patterns that a live program would not experience.

At the same time, the researcher must avoid leakage caused by over-
lapping observations. If a test statistic uses returns whose economic
outcome extends beyond the training boundary, the training process
may indirectly benefit from information in the test period. This issue
is most important for strategies with long holding periods, overlapping
labels, or delayed execution. The remedy is to ensure that model selec-
tion uses only completed historical information and, where necessary,
leave an embargo interval between training and testing so that out-
comes initiated near the boundary cannot contaminate the selection
process.

For a daily time-series trend model, the signal itself can use price his-
tory extending backward through the boundary. That is not leakage:
those prices were known at the time. The leakage arises only if model
selection, cost calibration, or target construction uses prices, returns,
liquidity observations, or outcomes that occur after the decision times-
tamp.

6.3.6 From Research Stages to Approval Gates
Walk-forward testing should be embedded in a broader workflow. The

workflow is designed to prevent a promising exploratory result from
being mistaken for a production-ready model.

A useful process separates six stages:
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Idea generation: Identify a hypothesis, expected economic
mechanism, and intended implementation scope.

Exploratory research: Test whether the idea has enough
merit to justify deeper work. Results at this stage are provisional.

Model development: Specify the signal, portfolio construc-
tion, trading assumptions, and constrained parameter range.

Walk-forward validation: Apply the frozen process through
successive historical decision dates.

Independent review and approval: Challenge assumptions,
code, data, costs, capacity, and statistical claims.

Production monitoring: Compare live behavior with the ap-
proved design and investigate material deviations.

The approval gate should not be a ceremonial sign-off. It should re-
quire evidence that the model is sufficiently specified, its implementa-
tion is feasible, its historical results are robust, and its expected live
behavior is understood. The reviewer should be able to reproduce the
reported result from a defined data version, code version, configura-
tion, and model specification.

6.3.7 Version Control and the Research Record

A walk-forward process cannot be audited if the underlying model
changes silently. Every material research result should therefore be
associated with a reproducible experiment identity.

At a minimum, the research record should identify:

the hypothesis and intended economic rationale;

the source and version of market, contract, and reference data;
the instrument universe and historical eligibility rules;

the code version used to create signals, orders, and accounting;

the parameter set and all permitted parameter ranges;
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+ the cost, roll, margin, and collateral assumptions;
« the training, validation, and out-of-sample dates;
« the performance metrics and acceptance criteria;
+ the name of the reviewer or approval body;

« the decision reached and the reasons for it.

The purpose is not bureaucratic completeness for its own sake. A CTA
research team needs to distinguish between three very different events:

1. a correction to an implementation error;
2. an update to an input, such as revised contract metadata or costs;

3. a genuine change in the investment model.

These events have different implications. Fixing a coding error may re-
quire restating a historical backtest. Updating a liquidity estimate may
alter future trading capacity without changing the signal. Changing the
trend horizon or portfolio risk allocation is a model change and should
normally restart the relevant validation process.

A reproducible research record also prevents “version drift.” Version
drift occurs when a team believes it is trading the approved model but
has gradually accumulated small changes in data handling, execution
assumptions, risk limits, and parameter settings. Each change may
appear harmless in isolation. Together, they can create a live program
whose behavior is no longer represented by the approved backtest.

6.3.8 Pre-Specified Promotion Criteria

A model should not be promoted merely because its aggregate walk-
forward Sharpe ratio exceeds an arbitrary threshold. The decision
should reflect several dimensions of evidence.

The following table provides an example of a promotion framework.

Promotion criteria should include explicit rejection conditions as well
as positive targets. For example, a candidate might be rejected or
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Table 6.5: Illustrative Model Promotion Criteria for a CTA Program

Area of review

Question for approval

Typical evidence

Economic rationale

Ts there a coherent reason to
expect the effect to persist?

Written hypothesis, relation-
ship to market behavior, and
explanation of expected fail-
ure modes.

Statistical robustness

Does the result survive rea-
sonable changes in parame-
ters, markets, and historical
subperiods?

Parameter-neighborhood
tests, leave-group-out anal-
ysis, and  walk-forward
returns.

Implementation realism

Can the strategy be traded as
modeled?

Point-in-time contract map,
roll rules, cost analysis, ex-

ecution delay, and margin

treatment.
Capacity and liquidity Can intended assets be  Participation estimates,
deployed without materially  stressed market-impact

changing expected returns? assumptions, and concentra-
tion limits.

Drawdown analysis, Ex-
pected Shortfall, scenario
review, and risk-contribution
reports.

Can the model be run, mon-  Production code review, data
itored, and reconciled reli- controls, order workflow,
ably? alerts, and daily reconcilia-

tion procedures.

Risk profile Are drawdowns, tail losses,
and crisis-period behavior ac-

ceptable for the mandate?

Operational readiness

deferred if its net performance becomes marginal under conservative
costs, if its return is excessively concentrated in one asset class, if its
drawdown exceeds the mandate’s tolerable level, or if its expected im-
plementation requires more liquidity than the program can reasonably
access.

This approach reduces the temptation to approve a model because it
is the best currently available idea. A strategy should be approved be-
cause it meets a defined standard of evidence, not because it won a
relative competition among many weak alternatives.

6.3.9 Independent Challenge and Separation of
Roles

The person who develops a model is often best placed to understand its
economic logic and implementation details. That same person is also
vulnerable to confirmation bias. An effective research process there-
fore includes independent challenge.
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The reviewer need not recreate every exploratory analysis. Instead, the
review should focus on questions that the model developer may be least
inclined to ask:

« Were all material parameter searches disclosed?

» Does the walk-forward result use only information available at
each historical decision date?

« Are the transaction-cost and capacity assumptions conservative
enough for the intended assets under management?

+ Does the strategy depend on one market, one period, or one fa-
vorable execution convention?

+ Are the live trading rules identical to the rules used in the ap-
proved simulation?

« What result would cause the team to conclude that the model is
not working as intended?

Independence does not require a large organization. Even a small
manager can create meaningful separation by assigning another in-
vestment professional, risk officer, or external reviewer to challenge
assumptions, verify records, and approve material model changes.

6.3.10 Production Monitoring Completes the Re-
search Loop

A model does not cease to be a research object when it enters pro-
duction. Live performance provides new information about execution
quality, costs, liquidity, and the gap between simulated and realized
trading. However, live monitoring must not become an excuse for ad
hoc intervention.

The production monitoring process should compare realized behavior
with the approved expectations in several dimensions:

« realized fills versus modeled fills;

« actual transaction costs versus estimated costs;
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« actual turnover and roll costs versus forecasts;

» realized volatility and risk contributions versus targets;

« position and exposure drift caused by constraints or partial fills;
« live returns versus the contemporaneous shadow backtest;

« drawdown behavior relative to historically observed stress peri-
ods.

A shadow backtest is particularly useful. It reruns the approved model
using current data and the same stated rules, without incorporating dis-
cretionary changes. Differences between shadow and live results can
then be traced to execution, financing, operational constraints, data
issues, or authorized model changes.

Poor live performance alone is not proof that a model is broken. Trend
strategies can experience extended adverse periods without violating
their intended design. The relevant question is whether the observed
behavior is consistent with the model’s documented distribution of out-
comes and implementation assumptions.

When a material discrepancy is found, the team should classify it before
acting:

1. Operational issue: for example, an incorrect roll, data failure,
or execution-system problem;

2. Model-implementation gap: for example, realized costs per-
sistently exceeding the backtest assumption;

3. Model-performance issue: for example, persistent underper-
formance that is statistically and economically inconsistent with
expectations;

4. Structural market change: for example, a lasting deteriora-

tion in liquidity or a change in contract behavior.

Each category requires a different response. = An operational
problem should be corrected promptly and documented. A model-
implementation gap may require revised capacity or cost assumptions.
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A model-performance issue may warrant formal review, but should
not trigger impulsive parameter changes. A suspected structural
change should become a new research hypothesis and enter the same
controlled development and validation process as any other model
modification.

6.3.11 The Objective of Walk-Forward Discipline

Walk-forward testing does not guarantee future profits. Its value is that
it forces a CTA program to behave, in historical simulation, as a real or-
ganization would have had to behave through time: making decisions
with incomplete information, committing to choices before outcomes
are known, and changing the model only through defined procedures.

A credible workflow has several characteristics:

1. Research questions are recorded before decisive tests are run.

2. Training, validation, and out-of-sample periods have distinct
roles.

3. Retuning rules are explicit, limited, and historically simulated.

4. Every reported result is linked to a reproducible data, code, and
configuration version.

5. Model promotion requires evidence across performance, risk, im-
plementation, and capacity.

6. Live monitoring investigates deviations without rewriting his-
tory.

The resulting process may appear slower than unrestricted experimen-
tation. In practice, it saves time by preventing the organization from
repeatedly rediscovering the same historical noise. More importantly,
it produces evidence that can support a serious capital-allocation de-
cision: not merely that a trend model worked in a backtest, but that it
survived a disciplined sequence of decisions resembling the conditions
under which it would actually be managed.
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6.4 Performance Measurement and At-
tribution

Avalidated walk-forward result answers an important but limited ques-
tion: whether a strategy would have produced credible historical per-
formance under a disciplined research process. The next question is
more diagnostic:

What, specifically, generated the portfolio’s returns, risks,
and drawdowns?

A headline return or Sharpe ratio cannot answer that question. Two
CTA programs can report similar long-run Sharpe ratios while having
very different economic character. One may earn diversified returns
from many markets and trend horizons. Another may derive most of
its profit from one bond-market episode, a concentrated commodity
allocation, or a favorable execution assumption. The aggregate statistic
is the same; the investment proposition is not.

Attribution converts aggregate performance into interpretable compo-
nents. It should explain, in a manner that reconciles to the portfolio
accounting record:

 which asset classes, sectors, and contracts generated P&L;

» which trend horizons and signal sleeves contributed;

+ how much return came from gross trading, collateral, FX trans-
lation, and implementation costs;

+ which positions and risk factors dominated portfolio volatility;

« which markets and sleeves caused or offset major drawdowns;
and

» whether apparent diversification remained effective during
stressed periods.

The purpose is not to search for a better backtest after the fact. Attri-
bution is a measurement and diagnostic discipline. It tests whether
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the realized behavior of the validated program matches the intended
design.

6.4.1 Begin with a Reconciled Return Identity

Performance analysis should begin with a return identity that recon-
ciles exactly to the portfolio’s daily accounting. If attribution does not
reconcile, it is not yet trustworthy enough to support investment con-
clusions.

Let V,_; denote prior-day net asset value and let II, , denote the base-
currency P&L of futures market  on day ¢, before explicitly attributed
portfolio-level costs. Daily portfolio return can be represented as

Zl{\le I—Ii775 + Itcollatera,l + GfX _ C«fmdmg _ thma'ncing _ O?th/er
Vi1 '

Tp,t
where:

o [gollateral jg interest earned on collateral;

« GI'X is the effect of translating non-base-currency P&L and cash
flows;

. C{"*""9 includes commissions, bid—ask costs, slippage, and mar-
ket impact;

o FJimencing jncludes borrowing costs or other financing charges;
and

« O¢ther captures any remaining recorded cash flow, such as ex-
change adjustments or operational fees.

Defining contributions as fractions of prior-day NAV allows daily con-
tributions to sum exactly:

_ market collateral FX cost financing other
Tpt = E :ci,t + ¢ Al P + ¢ .
i

This is the most reliable starting point because it follows the portfolio’s
actual P&L records. Percentage returns may not aggregate perfectly
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over long horizons because returns compound through time, but daily
currency P&L and daily NAV-normalized contributions can be recon-
ciled precisely.

A well-designed attribution report should therefore include a reconcil-
iation line:

Reported portfolio P&L — Sum of attributed P&L = 0.

In practice, a small rounding residual may remain. A persistent or ma-
terial residual is a control failure. It can indicate an omitted currency
conversion, a missed contract roll, an incorrectly allocated transaction
cost, or a mismatch between the trade ledger and the performance sys-
tem.

6.4.2 A Hierarchy of Attribution Views

No single attribution view is sufficient. A useful CTA report moves
from broad categories to detailed sources of return.

« Portfolio accounting view: Futures P&L, collateral return, fi-
nancing, FX effects, and all costs.

+ Asset-class view: Equity indices, rates, commodities, and cur-
rencies.

» Sector view: For example, energy, metals, grains, soft com-
modities, developed-market government bonds, and emerging-
market currencies.

« Market view: Individual futures contracts and country or com-
modity exposures.

+ Signal-sleeve view: Fast, medium, and slow trend horizons, or
other approved signal sleeves.

 Risk view: Volatility contribution, marginal risk contribution,
concentration, and correlation.

+ Drawdown view: Contributions during the portfolio’s most
important loss episodes.
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Each view answers a different question. Asset-class attribution asks
whether the program is broadly diversified. Contract-level attribution
identifies specific winners, losers, and persistent cost centers. Signal-
horizon attribution reveals whether the portfolio behaves like the in-
tended blend of fast and slow trend exposure. Risk attribution asks
whether nominal diversification translates into diversified risk. Draw-
down attribution asks what actually hurt when diversification was most
needed.

The categories should be mutually exclusive and collectively exhaus-
tive. A contract should belong to one asset class, one sector, and one
market bucket at a given point in time. If a contract changes classi-
fication because its economic role changes, that rule should be docu-
mented and applied consistently.

6.4.3 Return Attribution by Market and Asset
Class

For a futures market 4, daily gross trading P&L can be expressed as
Hfgoss _ Qi,t—lMi (Pigttle _ l_s;ﬁfie) AXM7

where ¢; ;1 is the position held over the period, 1/; is the contract mul-
tiplier, P;¢""'® is the futures settlement price, and X;, translates the
contract currency into the portfolio base currency.

Net market P&L is then

Hf(u;t _ ngoss 7 trade roll o Cmarket—specific
it T Tt

it Uit it )

where market-specific costs may include exchange fees, contract-level
financing adjustments, or costs assigned to the market under a defined
allocation rule.

Asset-class contribution is the sum of the net contributions of its con-
stituent markets:
Cat =)

€A,

net
Hi,t

’
Viea

where A, is the set of contracts belonging to asset class a.
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This calculation is straightforward, but its interpretation requires care.
A positive contribution from rates does not necessarily mean that the
rates sleeve was structurally superior to the commodity sleeve. It may
reflect a single persistent bond-market trend, a higher allocated risk
budget, lower transaction costs, or unusually favorable correlations
with the rest of the portfolio. Attribution describes what happened.
Further analysis is required to determine why.

The following reporting hierarchy is useful:

Attribution level

Primary question

Useful diagnostic

Portfolio accounting

Did all reported returns
reconcile to the accounting
record?

Gross futures P&L, collateral
yield, financing, FX, and
costs sum to total return.

Asset class

Which broad markets gener-
ated or lost money?

Annual and rolling contri-
butions from equities, rates,
commodities, and FX.

Sector

Was an asset-class result
broad or concentrated?

Energy versus metals versus
agriculture; sovereign-bond
groups by region or tenor.

Individual market

Which contracts were persis-
tent winners, losers, or cost
centers?

Cumulative P&L, turnover,
cost-to-gross-P&L ratio, and
drawdown contribution.

Signal sleeve

Did fast, medium, and
slow signals contribute as
intended?

Gross and net P&L, turnover,
correlation, and risk contri-
bution by horizon.

Implementation

How much of gross edge sur-
vived trading?

Spread, commissions, mar-
ket impact, roll cost, and cost
sensitivity by market.

A useful presentation reports both contribution and standalone per-
formance. Contribution measures the actual P&L earned by a sleeve
at its actual portfolio weight. Standalone performance measures how
that sleeve would have performed under a normalized or independent
risk allocation. These are not interchangeable.

For example, a small allocation to a high-quality currency trend sleeve
may make a modest contribution to total return despite excellent stan-
dalone risk-adjusted performance. Conversely, a large equity-index al-
location may make a substantial contribution while having only aver-
age standalone characteristics. The first result may support increasing
arisk budget; the second may reveal concentration. Attribution should
make the distinction visible.
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6.4.4 Attributing Trend Horizons and Signal
Sleeves

Diversified CTA programs often combine trend signals with different
speeds. A fast sleeve may react quickly to reversals and contribute dur-
ing abrupt market moves. A slow sleeve may capture longer persistent
trends but respond more gradually when those trends end. A medium
sleeve may provide a balance between responsiveness and turnover.

Attribution by signal horizon should be based on the positions actually
generated by each sleeve, not inferred from the aggregate portfolio af-
ter the fact. If the aggregate desired position in market ¢ is

st )
Qi = qgi?s + qim’tedium + qf’ltow’
then each sleeve’s gross P&L can be calculated from its own held posi-
tion: " "
Hz‘,t = qi,t—lMi (P;fttle - Pf,ftﬁf) Xit,
where h denotes the trend-horizon sleeve.

This approach is preferable to allocating aggregate P&L in proportion
to target weights because sleeves can differ in sign, turnover, execution
timing, and risk scaling. A fast sleeve may be long while a slow sleeve
remains short. Their net exposure may be small, but both sleeves can
have meaningful gross P&L and transaction costs.

Shared costs require an explicit allocation policy. If each sleeve gener-
ates separate orders, costs can be assigned directly to the sleeve that
generated the trade. If orders are netted before execution, the realized
cost belongs to the combined trade and must be allocated using a doc-
umented rule. Common choices include allocation by:

« absolute sleeve order size;
« estimated standalone cost;
» marginal contribution to the netted order; or

+ pre-netting notional traded.

No allocation rule is perfect. The key requirement is consistency. A
report should distinguish between gross sleeve P&L, allocated trading
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cost, and net sleeve contribution. Otherwise a high-turnover sleeve can
appear more attractive than it is because its implementation burden
has been absorbed by the aggregate portfolio.

Signal-horizon attribution should also report correlation between
sleeves. If fast, medium, and slow sleeves are highly correlated
in normal and stressed periods, then combining them may create
less diversification than their separate labels imply. A three-sleeve
portfolio is not automatically diversified merely because it contains
three parameter sets.

6.4.5 Gross Edge, Implementation Drag, and Net
Contribution

A CTA program should attribute not only returns but also the loss of re-
turn between theoretical gross performance and net investor-relevant
performance. This is particularly important when comparing slow and
fast trend implementations.

For a market, sector, or sleeve, net contribution can be decomposed as

Hnet — Jp9ross _Hspread _Hcommission _Hslippage _Himpact _H'r‘oll _Hfinancing

The decomposition should identify whether a weak net result reflects
poor signal quality or excessive implementation drag. These are differ-
ent problems.

For example:

« A commodity sleeve with strong gross P&L but high roll and trad-
ing costs may be economically useful but capacity constrained.

« A fast trend sleeve with high gross returns and even higher
turnover costs may not be investable at the intended scale.

+ Alow-turnover rates sleeve with modest gross returns may make
a valuable net contribution because costs are low and correlation
with other sleeves is favorable.

» A market with consistently negative gross P&L is a signal or uni-
verse question, not an execution question.
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The cost-to-gross-P&L ratio is informative but should not be inter-
preted mechanically. A sleeve can have a high cost ratio in a flat period
because gross P&L is small, even if its expected long-run economics
remain sound. More stable measures include annualized cost as a per-
centage of NAV, cost per unit of turnover, cost per unit of average risk,
and stressed cost under increased participation rates.

6.4.6 Risk Attribution: Measure What Can Hurt
the Portfolio

Return attribution explains where profits and losses occurred. Risk
attribution explains where the portfolio’s volatility and tail exposure
came from. The two are related but not identical.

A market can contribute little to historical P&L while consuming sub-
stantial risk budget. Another can contribute strongly to P&L with mod-
est risk because its returns are diversifying. A portfolio manager needs
both views.

Let w be the vector of market or sleeve exposures and let ¥ be the co-
variance matrix of returns. Portfolio volatility is

op = VwTXw.

The marginal contribution to volatility from position i is

MRC, = Z9)

Op

The corresponding component contribution to portfolio volatility is

w; (Zw)z
Op

RCZ = wiMRCi =

Under this Euler decomposition,

N
ZRCZ == 0'p.
=1
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This additivity makes the method useful for portfolio reporting. Risk
contributions can be aggregated from contracts to sectors, asset classes,
and signal sleeves.

The interpretation is intuitive. A position has a high risk contribution
when it is large, volatile, and positively correlated with the portfolio’s
existing exposures. A volatile contract can have a modest risk contribu-
tion if it is small or diversifying. Conversely, several individually mod-
erate positions can create substantial aggregate risk when they move
together.

Risk attribution should be calculated on both an ex ante and an ex post
basis:

« Ex ante risk attribution uses the covariance and volatility es-
timates available when positions were set. It evaluates whether
the portfolio construction process allocated risk as intended.

» Ex post risk attribution uses realized returns over a subse-
quent interval. It reveals whether actual correlations, volatility,
and concentration differed from model expectations.

The difference between the two is itself valuable information. A portfo-
lio may enter a period with balanced forecast risk across asset classes,
then experience concentrated realized losses because correlations rise
sharply during stress. That outcome does not necessarily mean the risk
model was careless, but it does identify the circumstances in which di-
versification weakened.

6.4.7 Diversification Must Be Evaluated in Both
Normal and Stressed Markets

A CTA portfolio can appear diversified because it contains many con-
tracts, yet still behave as a concentrated portfolio when the underlying
positions share the same economic exposure.

For example, a portfolio may hold:

« long positions in several developed-market equity-index futures;

« short positions in several government-bond futures;
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« long positions in cyclical commodities;

« short positions in defensive currencies.

Although these positions span four asset classes, they may all be expres-
sions of a common growth or inflation scenario. In a sharp reversal,
their correlation can increase and their losses can occur together.

Diversification analysis should therefore include more than the num-
ber of contracts and average pairwise correlation. Useful measures in-
clude:

risk contribution by asset class and sector;

« concentration of gross and net notional exposure;

« correlation of sleeve returns in normal and stressed periods;
» effective number of independent risk contributors;

« contribution to portfolio variance during major drawdowns;
« conditional correlations when portfolio volatility is elevated;

« the fraction of portfolio risk explained by the largest markets or
sectors.

One simple concentration measure is the Herfindahl-style index of risk
contributions:
) 2

A lower value generally indicates that risk is distributed more broadly,
while a higher value indicates concentration. The statistic should be
interpreted alongside correlation and sign of exposure. A portfolio can
have evenly distributed risk contributions but still be vulnerable if all
contributors are exposed to the same economic shock.

N /RC;
H= Z( .
i=1 p
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6.4.8 Drawdown Attribution Is Path Dependent

Drawdown analysis deserves separate treatment because drawdowns
are not simply negative returns summed over arbitrary dates. A draw-
down begins at a portfolio high-water mark and ends only when the
portfolio recovers to a new high.

Let cumulative NAV be V;, and let the running peak be

H; = max V.
s<t

The percentage drawdown is

The maximum drawdown is the most negative value of D;. To attribute
that drawdown, the researcher should identify the relevant peak date,
trough date, and recovery date. Market and sleeve contributions can
then be summed over the peak-to-trough interval:

ttTough

npr =y mp

tztpeak +1

This calculation identifies the contracts, sectors, and signal horizons
that contributed most to the loss. It should be supplemented by a time
profile. A market may be the largest contributor to the eventual draw-
down but may have caused losses early, while another market may have
prevented recovery later.

Drawdown attribution should answer several practical questions:

« Was the loss broad across asset classes or concentrated in one
group?

« Did fast, medium, and slow trend sleeves lose together?

+ Did transaction costs rise during the drawdown because turnover
increased?

« Did correlation increase relative to the risk model’s expectation?
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« Did the program lose because it was positioned for a trend rever-
sal, because it was caught in a range-bound market, or because
execution conditions deteriorated?

« Which positions offset the drawdown, even if they were not suffi-
cient to prevent it?

A useful distinction is between a structural drawdown and an im-
plementation drawdown. A structural drawdown occurs when
the strategy’s intended exposures lose money, such as when persis-
tent trends reverse abruptly. An implementation drawdown occurs
when losses are amplified by high trading costs, poor liquidity, forced
deleveraging, roll errors, or a mismatch between model assumptions
and executable conditions. Both matter, but they imply different re-
sponses.

6.4.9 Crisis-Period Attribution and Convexity
Claims

Managed futures are often described as potential diversifiers during
equity-market stress. This statement should be examined carefully
rather than accepted from a few favorable episodes.

Crisis-period analysis should use a pre-defined set of economically
meaningful stress windows, such as sharp equity sell-offs, inflation
shocks, rate repricing episodes, commodity supply disruptions, or cur-
rency crises. For each period, the report should show:

« total portfolio return;

« contribution by asset class and major sector;

« contribution by signal horizon;

» starting exposures and how quickly they changed;

» realized volatility, gross exposure, and margin usage;
« transaction costs and turnover;

« correlation with relevant equity and bond benchmarks;
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« maximum intra-period drawdown.

A program should not be expected to profit in every equity decline.
Trend-following generally requires time to recognize and build expo-
sure to a developing move. A sudden one-day sell-off may produce
little benefit or even a loss if the portfolio entered with risk-on posi-
tions. The more relevant question is whether the program has histor-
ically adapted to sustained directional stress and whether that benefit
survives costs and realistic execution assumptions.

The term convexity should also be used carefully. A diversified trend
program may display positive returns in some extended crises because
it can shift toward persistent price moves. This is not the same as own-
ing an option with a known payoff function. Trend returns can be neg-
ative in rapid reversals, short-lived shocks, and markets with repeated
gaps. Attribution should describe the observed pattern rather than im-
ply guaranteed crisis protection.

6.4.10 Attribution of Allocation, Selection, and
Interaction

For portfolios that allocate capital across asset classes or sleeves, it can
be useful to distinguish three sources of relative performance:

« Allocation effect: Did the portfolio allocate more risk to asset
classes that performed well?

« Selection effect: Within an asset class, did the model choose
effective market-level exposures?

« Interaction effect: Did the asset-class allocation and market-
level selection reinforce or offset one another?

In a CTA context, these categories should be adapted carefully. The
portfolio is not simply choosing long-only weights among static asset
classes. It holds dynamic long and short futures exposures that change
as signals change. Nevertheless, the framework remains useful.

For example, a commodity sleeve may contribute strongly because the
program allocated more risk to commodities during a period of persis-
tent inflation trends. That is an allocation effect. Within commodities,
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the program may have earned additional value by being positioned in
the markets with the clearest trends rather than simply holding a sec-
tor basket. That is a selection effect. If both occurred together, the
interaction is positive.

The decomposition should not be used to create an illusion of preci-
sion. The result depends on the benchmark, weighting convention,
and order of calculation. Its main purpose is diagnostic: to determine
whether performance came from broad strategic allocation, market-
specific signal quality, or the combination of the two.

6.4.11 A Practical Attribution Report

A complete attribution package should be concise enough to use in
an investment meeting, but detailed enough to support investigation
when results deviate from expectations. A practical monthly report can
include:

« total gross and net return, realized volatility, and drawdown;
« asset-class and sector return contributions;

» top and bottom individual market contributors;

« gross P&L, costs, and net P&L by signal horizon;

« current and average risk contribution by asset class;

« turnover, roll activity, and implementation costs;

« contribution to current drawdown, if the portfolio is below its
high-water mark;

« comparison of realized and forecast volatility;
« comparison of live execution costs with model assumptions;

« a short commentary identifying meaningful changes in concen-
tration or behavior.

The commentary should be evidence-based. Statements such as “com-
modities helped” are not sufficient. A more useful conclusion is:
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Commodity markets contributed 2.1% to quarterly portfo-
lio return, led by energy and metals. The slow trend sleeve
generated most of the gross profit, while the fast sleeve in-
curred elevated turnover during the mid-quarter reversal.
Commodity risk contribution rose from 24% to 37%, pri-
marily because cross-market correlations increased within
the sector.

This type of statement links return, risk, implementation, and portfolio
construction in one explanation.

6.4.12 What Good Attribution Reveals

A strong attribution process should make it possible to identify several
important patterns.

First, it should reveal whether the portfolio’s sources of return are
broad or narrow. Broad contribution across asset classes, markets, and
horizons supports the intended diversification of a managed-futures
program. Persistent dependence on one market or sector may still be
acceptable, but it should be recognized as concentration rather than
mistaken for broad trend exposure.

Second, it should distinguish gross signal quality from net investability.
A profitable gross sleeve with prohibitive trading costs is not equivalent
to a profitable net sleeve. Capacity, liquidity, and turnover belong in
the same conversation as return.

Third, it should reveal whether risk allocation worked as designed. A
portfolio may meet its aggregate volatility target while becoming in-
creasingly concentrated in one sector or correlated trade. Risk contri-
bution and drawdown analysis detect this problem earlier than aggre-
gate volatility alone.

Finally, attribution should make failure modes understandable. A dif-
ficult period should not be dismissed as “model noise.” The program
should be able to explain whether losses arose from trend reversals,
range-bound conditions, concentrated exposures, cost spikes, margin
constraints, or a breakdown in the relationship between forecast and
realized risk.
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Once return and risk sources have been identified clearly, the final task
is to translate the validated, attributed program into investor-relevant
terms: net returns after all commercial frictions, fair benchmark com-
parisons, capacity-aware expectations, and the program’s role in a
broader multi-asset portfolio.

6.5 From Gross Edge to Investor-
Relevant Results

A validated CTA model may have an attractive gross return profile, re-
alistic implementation assumptions, and well-understood sources of
P&L. None of those facts alone establishes that the program is attrac-
tive to an investor.

Investors do not allocate capital to a gross backtest. They allocate to a
fund, account, or mandate after trading costs, financing, management
fees, incentive fees, operating expenses, capacity constraints, and the
interaction of the program with the rest of their portfolio.

The final translation is therefore:

Gross model edge — Net trading result — Net investor return —
Portfolio usefulness.

Each step removes a different source of optimism. Gross model per-
formance asks whether the signal and portfolio construction created
economic value before implementation. Net trading performance asks
whether that value survives realistic execution. Net investor perfor-
mance asks what remains after the commercial structure of the invest-
ment vehicle. Portfolio usefulness asks whether the resulting return
stream improves the investor’s broader opportunity set.

6.5.1 Define the Relevant Performance Layers
Performance reporting becomes confusing when gross and net con-
cepts are used loosely. A CTA program should distinguish at least four

layers of return.

1. Gross futures return: P&L from futures positions and collat-
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eral before explicit trading costs and program expenses.

2. Net trading return: Gross futures return after commissions,
exchange fees, bid—ask spread, slippage, market impact, roll
costs, and financing costs directly associated with implementa-
tion.

3. Net program return: Net trading return after operating ex-
penses borne by the vehicle, such as fund administration, au-
dit, legal, technology, data, and management-company charges
where applicable.

4. Net investor return: The return received by the investor af-
ter management fees, incentive fees, subscription or redemption
charges if any, and the investor’s own account-specific costs.

The distinction is important because each audience needs a different
measure. A quantitative researcher needs gross and net trading re-
turns to evaluate whether the strategy itself is economically viable. A
portfolio manager needs net program returns to assess the strategy’s
scalable investment value. An allocator needs net investor returns, be-
cause that is the return available for funding liabilities, meeting spend-
ing needs, or improving a multi-asset portfolio.

A useful daily accounting identity is

ross_futures i nancin net_tradin
T'f _f + rtcollateral o 7,,te:cecutwn _ ’f{ g _ = Q’

where r¢zecution jncludes all transaction and roll costs.

At the investor level, the net return is approximately

investor __ Tnet_trading _Toperating_ea:penses _rmanagement_fee _Tincentive_fee

T =T t t t
subject to the exact fee terms of the vehicle.

The word “approximately” matters. Management fees and incentive
fees are not always simple fixed deductions from annualized returns.
Management fees may be calculated daily, monthly, or quarterly on
NAV or committed capital. Incentive fees may be subject to high-water
marks, hurdle rates, crystallization periods, loss carryforwards, and
account-specific arrangements. A realistic investor-return calculation
must model the actual fee schedule rather than subtracting a generic
annual fee from the backtest Sharpe ratio.
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6.5.2 From Gross Return to Net Trading Return

The first investor-relevant question is whether gross edge survives im-
plementation. A trend signal that earns a gross annual return of 10%
but loses 5% to trading and roll costs is economically different from a
signal earning 8% gross with 1% of costs.

For a diversified CTA program, the gap between gross and net trading
return is driven mainly by:

» signal turnover and rebalancing frequency;

contract roll frequency and roll-execution method;
+ bid-ask spreads and brokerage commissions;

+ market impact relative to available liquidity;

execution timing and participation rate;

volatility-driven resizing;

position changes caused by risk overlays or margin constraints;

financing and collateral-management assumptions;

« currency conversion costs for non-base-currency markets.

The gross-to-net bridge should be reported in both return and risk
terms. A faster signal may lose more return to costs but also re-
duce drawdown severity or improve responsiveness to large reversals.
A slower signal may retain more gross return but carry more trend-
reversal risk. The appropriate comparison is not simply which sleeve
has the lowest cost. It is whether the net risk-adjusted contribution
remains attractive after implementation.

A practical breakdown is

Net trading P&L = Gross futures P&L + Collateral income - Spread cost
- Commissions and fees - Slippage - Market impact - Roll cost - Financ-
ing cost.

Each component should be available by market, asset class, and signal
sleeve. This allows the program to distinguish among several different
outcomes:

428



6.5. FROM GROSS EDGE TO INVESTOR-RELEVANT RESULTS

« Strong gross and strong net performance: The signal has
survived implementation and warrants further capacity analysis.

« Strong gross but weak net performance: The signal may be
real but too expensive at the intended trading frequency or asset
level.

+ Weak gross but low cost: The strategy lacks sufficient eco-
nomic edge even if it is operationally efficient.

« Strong net performance concentrated in collateral in-
come: The result may reflect the prevailing interest-rate envi-
ronment more than the futures strategy itself.

The last case deserves particular attention. Collateral income is a legiti-
mate component of a fully collateralized futures portfolio, but it should
not be confused with trend alpha. In high-rate periods, collateral can
make a substantial contribution to a CTA program’s return. Investors
should be shown both the total return and the portion arising from
trading versus collateral.

6.5.3 Fees Are Path Dependent

Management fees are relatively straightforward to estimate when they
are charged as a fixed percentage of NAV. Incentive fees are more com-
plex because they depend on the path of returns.

Suppose an investor begins with NAV V;, pays a management fee at
rate m, and pays an incentive fee at rate p on gains above a high-water
mark H;. At a fee crystallization date, the incentive fee may be repre-
sented as

Ftincentive =p maX(‘/tpreifee _ Ht—l, O) )

The updated high-water mark becomes

H; = max(H;_, Vo),

This structure means that two return streams with the same arithmetic
average return can produce different investor outcomes. A smooth pos-
itive return path may generate incentive fees regularly. A volatile path
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with a large drawdown may generate lower fees during recovery be-
cause gains must first exceed the previous high-water mark.

For this reason, an investor-return backtest should model fees period
by period. It should not assume that a stated incentive fee can simply
be multiplied by average annual return. The same principle applies to
hurdle rates, loss carryforwards, and founder-share arrangements.

The following table summarizes the information that should be dis-
closed when presenting fee-adjusted CTA results.

Table 6.6: Fee and Expense Reporting Framework for CTA Investor

Returns

Item

Question to answer

Preferred disclosure

Management fee

What asset base is charged,
and how often is the fee ac-
crued?

Annual rate, NAV  or
committed-capital basis,
accrual frequency, and any
tiering.

Incentive fee

What gains are eligible for
performance fees?

Rate, high-water mark, hur-
dle, crystallization frequency,
and loss-carryforward treat-
ment.

Operating expenses

Which costs are borne by the
vehicle rather than the man-
ager?

Expected annual range, ma-
jor categories, and whether
expenses are capped.

Trading expenses

Are implementation costs in-
cluded in reported net perfor-
mance?

Explicit statement of in-
cluded commissions, spread,
slippage, impact, and roll
assumptions.

Subscription and redemption
charges

Are there investor-specific
costs outside the stated
management and incentive
fees?

Terms, notice periods, gates,
and any liquidity-related
charges.

Tax treatment

Does the return presentation
incorporate investor-specific
taxation?

Normally report pre-tax re-
sults and state that tax conse-
quences depend on investor
circumstances.

A fee-aware analysis should also separate historical net performance
from expected net performance. Historical fees may have been calcu-
lated under a particular asset base, investor share class, or cost envi-
ronment. Future fees can differ if assets under management increase,
trading costs change, or the manager introduces new operational ex-
penses.
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6.5.4 Capacity Is Part of the Net Return Forecast

A strategy’s historical net return at a small capital base is not necessar-
ily the return available at a larger capital base. Capacity is therefore
not an administrative constraint imposed after research; it is part of
the return forecast.

For a futures strategy, capacity depends on the relationship between
the program’s trading footprint and market liquidity. The relevant foot-
print is not simply total notional exposure. It is the amount traded,
relative to available volume and depth, during the periods when the
program needs to rebalance or roll.

If order size (Q; in market ; increases with assets under management
A, and market impact rises nonlinearly with participation, a simplified
cost relation may be written as

a > 0.

_ , Qi(A)\*
Ci(A) x Q;(A) < ADV, )
If Q,;(A) is approximately proportional to A, then total dollar cost rises
faster than assets:

Ci(A) oc AMTe,

Consequently, cost as a percentage of assets rises with scale:

Ci(A)

i x A%,

The precise exponent and coefficient are uncertain, but the directional
implication is clear. A CTA program cannot assume that the same net
Sharpe ratio is available indefinitely as capital grows.

Capacity analysis should therefore include several asset-under-
management scenarios. For each scenario, the program should
estimate:

- expected average daily and peak order size by contract;

« participation rate relative to average daily volume and stressed
volume;
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 open-interest concentration;

« expected roll footprint during concentrated roll windows;

« market impact under normal and stressed liquidity assumptions;
« cost increase from reduced ability to net orders internally;

« margin and collateral requirements during high-volatility peri-
ods;

« exposure to markets with limited depth or episodic liquidity.

Capacity should be evaluated at the portfolio level, not only contract
by contract. A program can appear liquid when average daily trad-
ing is measured across all markets, while still being constrained by a
small number of less liquid commodity, currency, or regional-rate con-
tracts. Those markets may contribute disproportionately to diversifi-
cation and crisis performance, making their capacity constraints eco-
nomically important.

Internal netting can improve execution efficiency when investor sub-
scriptions, redemptions, or account-level changes offset one another.
However, a research report should not assume unlimited netting. Net-
ting depends on actual investor flows, account mandates, tax con-
straints, and timing. It should be treated as an operational benefit that
may reduce costs, not as a guaranteed source of alpha.

6.5.5 Capacity-Aware Net Performance

A useful investor presentation distinguishes three return concepts:

1. Historical net return at observed scale: The result esti-
mated using costs consistent with the historical or current trad-
ing footprint.

2. Expected net return at target scale: The result estimated
after increasing participation rates, impact, and operating costs
to reflect intended assets under management.
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3. Stressed net return: The result estimated under adverse lig-
uidity, wider spreads, increased volatility, and reduced execution
flexibility.

The stressed result is not a forecast of normal performance. It is a
statement about fragility. If a program remains economically viable
only under benign liquidity conditions, investors should understand
that its capacity is conditional.

A capacity-aware report can also identify a soft capacity limit. This is
the asset level at which expected net performance begins to deteriorate
materially, even if the program remains technically able to trade. The
limit need not be a single precise number. It may be better expressed
as a range, because market liquidity changes through time.

For example, a manager might conclude: ”At current scale, estimated
implementation costs are consistent with the validated backtest. At
two times current assets, expected impact rises modestly but the pro-
gram remains within its targeted cost budget. At four times current
assets, several commodity and regional-rates contracts would exceed
participation limits during roll periods; the expected net Sharpe ra-
tio would decline materially unless the universe or execution horizon
changed.”

This is more useful than claiming a large capacity figure without show-
ing the assumptions that support it.

6.5.6 Benchmarking a CTA Program Fairly

A benchmark is useful only when it answers a clear comparison ques-
tion. There is no single universal benchmark for managed futures be-
cause investors may want to assess different aspects of the program.

Three benchmark types are commonly useful.

6.5.7 A rules-based trend benchmark
A simple, transparent trend proxy can test whether the manager adds

value beyond broad time-series momentum exposure. The benchmark
should use a diversified futures universe, explicit volatility scaling,

433



CHAPTER 6. EXECUTION, BACKTESTING, AND RESEARCH VALIDATION

stated rebalancing frequency, and realistic implementation assump-
tions.

This comparison asks: “Does the program provide value beyond a
straightforward diversified trend implementation?”

The manager may add value through market selection, risk allocation,
signal blending, execution, portfolio construction, or crisis manage-
ment. However, a comparison is meaningful only if the benchmark has
broadly similar volatility, asset-class coverage, collateral treatment,
and cost assumptions.

6.5.8 A managed-futures peer benchmark

A managed-futures index or peer group can provide context for the
opportunity set available to investors. This comparison asks: "How
did the program behave relative to the realized managed-futures in-
dustry?”

Peer benchmarks have important limitations. They can contain sur-
vivorship bias, manager-selection effects, reporting lags, changing con-
stituent weights, different leverage levels, and different fee structures.
They may also include discretionary and systematic managers with
very different objectives. A peer index is useful context, but it is not
a clean replication benchmark.

6.5.9 An investor-portfolio benchmark

An allocator may care less about relative performance versus other
CTAs and more about whether the program improves a conventional
portfolio of equities, bonds, credit, real assets, or private investments.
This comparison asks: "What happens to the investor’s total portfolio
when a realistic allocation to the CTA program is introduced?”

This is often the most decision-relevant comparison. A CTA program
can be attractive even if it does not outperform equities or bonds on
a standalone basis, provided it improves portfolio-level return, risk,
drawdown behavior, or liquidity.

The following table summarizes the appropriate use of these bench-
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marks.

Table 6.7: Selecting Benchmarks for a CTA Program

Benchmark type

Primary purpose

Key comparability re-
quirements

Rules-based trend proxy

Assess incremental value be-
yond broad systematic trend
exposure.

Comparable futures universe,
volatility target, collateral
treatment, rebalancing, and
trading-cost assumptions.

Managed-futures peer index

Provide context relative to the
CTA industry and allocator
opportunity set.

Similar reporting frequency,
fee basis, leverage range, and
awareness of survivorship
and composition effects.

Traditional asset benchmark

Assess standalone return and
correlation relative to equi-
ties, bonds, or commodities.

Matched return currency, fre-
quency, and clear recognition
that objectives may differ.

Multi-asset investor portfolio

Assess whether the CTA allo-
cation improves total portfo-
lio outcomes.

Realistic allocation weight,
rebalancing rule, liquidity
assumptions, and net-of-fee

CTA returns.

Benchmarking should avoid false precision. A program should not
claim skill merely because it exceeds a simplified benchmark that ig-
nores costs, uses a different volatility target, or omits important asset
classes. Conversely, a manager should not be judged solely against a
peer index if the program deliberately pursues a different risk target,
liquidity profile, or diversification objective.

6.5.10 Evaluate the Program in an Investor Port-
folio

The most important allocator question is often not, "What was the
CTA’s standalone Sharpe ratio?” It is, "What did the CTA do to the total
portfolio?”

Suppose an investor holds a base portfolio with return r5 ; and allo-
cates weight w to a CTA program with net investor return rc;. The
combined portfolio return is

rpe = (1 —w)rp:+wres.

The portfolio variance is

0% = (1 —w)?ch +w?od +2w(l —w)ppcopoc,
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where ppc is the correlation between the CTA program and the base
portfolio.

This equation explains why a CTA can be useful even if its standalone
return is modest. If the program has low or negative correlation with
the investor’s existing risks, it can reduce total portfolio volatility or
improve return per unit of risk. The benefit may be even greater when
correlation becomes more negative during periods of equity stress, al-
though that behavior should be tested rather than assumed.

A complete portfolio-integration analysis should examine:

« annualized return, volatility, and Sharpe ratio of the combined
portfolio;

« maximum drawdown, drawdown duration, and recovery time;
+ Expected Shortfall and downside deviation;

« correlation with equities, bonds, credit, and inflation-sensitive
assets;

» conditional correlation during equity drawdowns and
high-volatility periods;

« contribution to total portfolio risk;
« liquidity profile and expected ability to rebalance during stress;
« sensitivity to different CTA allocation weights;

« results after CTA fees and estimated portfolio-level transaction
costs.

The allocation weight should be realistic. Testing a 1% allocation may
produce a negligible portfolio effect, while a 30% allocation may be in-
consistent with an investor’s liquidity, governance, leverage, or draw-
down tolerance. A range of allocations is generally more informative
than a single optimized weight.
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6.5.11 Correlation Is Not Enough

Low average correlation with equities is useful, but it is not a com-
plete measure of diversification. Correlation can vary sharply across
regimes, especially in periods when investors value diversification
most.

A CTA program may exhibit near-zero long-run equity correlation
while still losing money during the first phase of an equity shock be-
cause it entered the event with long risk exposures. Alternatively, it
may have positive average correlation but provide substantial diversi-
fication during sustained bear markets after its trend signals adapt.

For this reason, investor analysis should supplement unconditional
correlation with:

« return correlation during equity-market drawdowns;

« return correlation during bond-market sell-offs;

« beta conditional on high-volatility market regimes;

« performance in inflation shocks and deflationary shocks;
« speed of adaptation following major reversals;

« contribution to portfolio drawdown during defined stress peri-
ods.

Aregression can provide one descriptive measure of market sensitivity:
rcs =a+ Beres + Berey + Brrre + &,

where 75, rp, and r;, are equity, bond, and inflation-sensitive
benchmark returns. The estimated coefficients describe historical as-
sociation, not guaranteed future exposures. A trend program’s beta
can change through time because positions are dynamic. A low full-
sample beta should therefore not be interpreted as a promise of pro-
tection in every crisis.
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6.5.12 Assess Investor Utility, Not Just Average
Return

Investor-relevant analysis should recognize that investors care about
the path of returns, not merely the average.

A simple mean-variance representation of investor utility is

CE=u-— 102,
2
where 1 is expected return, o is volatility, v is risk aversion, and CF is
the certainty-equivalent return. Under this framework, an allocation
to a CTA program is valuable if the return improvement and diversifi-
cation benefit exceed any increase in total portfolio variance.

However, managed-futures returns are not fully characterized by
mean and variance. Trend programs can experience sharp reversal
losses, changing correlations, and asymmetric crisis behavior.
Investors should therefore supplement certainty-equivalent analysis
with drawdown, tail-risk, liquidity, and stress-period measures.

A program may be attractive to one investor and unsuitable for another.
For example:

« A pension plan with substantial equity and bond exposure may
value a liquid return stream that can diversify inflation shocks
and sustained equity drawdowns.

« An endowment with large private-market allocations may value
the liquidity and daily transparency of futures-based strategies.

« A risk-parity portfolio may value the CTA’s potential to respond
to persistent trends across rates, currencies, and commodities.

+ An investor with limited tolerance for short-term volatility may
find the program’s reversal drawdowns unacceptable even if its
long-run diversification value is attractive.

The correct question is not whether the CTA is universally superior. It
is whether its net return stream improves the specific investor portfolio
after accounting for the investor’s objectives, constraints, and existing
exposures.
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6.5.13 Communicate Uncertainty Clearly

The final presentation of a CTA program should avoid treating back-
tested results as forecasts. Historical performance, even after disci-
plined validation, remains an estimate of what the strategy may deliver
under uncertain future conditions.

A credible investor document should distinguish between:

« historical simulated results;

+ live or externally verified results, if available;

« gross and net-of-cost returns;

« net-of-fee investor results under stated fee assumptions;
« results at current and target asset levels;

« normal-liquidity and stressed-liquidity scenarios;

« broad diversification benefits and specific crisis-period
outcomes.

It should also state the principal conditions under which the program
may disappoint:

« prolonged range-bound markets;

« abrupt trend reversals;

» correlation spikes among apparently diversified markets;

+ higher-than-modeled transaction costs;

» reduced liquidity during stressed roll or rebalance periods;

+ declining collateral yields;

« capacity growth that increases market impact;

« operational interruptions or changes in futures-market struc-
ture.

This disclosure does not weaken the investment case. It makes the case
more credible by connecting historical evidence to the conditions un-
der which an investor may actually experience the program.
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6.5.14 A Decision-Ready CTA Evaluation

A CTA program is ready for allocator consideration when its results can
be summarized in a complete chain:

1. The gross trend model has a coherent economic rationale and sur-
vives realistic historical validation.

2. Net trading performance remains attractive after conservative ex-
ecution, roll, financing, and capacity assumptions.

3. Fee-adjusted investor returns are calculated using the actual eco-
nomic terms of the investment vehicle.

4. The program is compared fairly with rules-based trend proxies,
CTA peers, and relevant investor benchmarks.

5. Its contribution to a broader portfolio is assessed across return,
volatility, drawdown, tail risk, liquidity, and stress periods.

6. The key uncertainties and likely failure modes are disclosed
rather than hidden by aggregate statistics.

The resulting conclusion should be practical rather than promotional.
The purpose is not to claim that trend following will outperform in ev-
ery environment. It is to establish whether a systematically managed
futures program offers a sufficiently robust, net-of-friction, capacity-
aware, and diversifying return stream to justify its place in an investor
portfolio.

6.6 Performance Attribution and
Diagnostic Decomposition

The preceding sections established whether historical results are ex-
ecutable, whether the simulated path is credible, and whether the un-
derlying rules survived a disciplined validation process. The remaining
question is interpretive: what actually produced the realized result?
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A favorable headline return is not, by itself, evidence that a managed-
futures process behaved as intended. A diversified trend portfolio can
report a strong year while most of its profit came from a single commod-
ity shock, one unusually persistent equity-index trend, an unplanned
duration exposure, or a temporary benefit from trading activity that
cannot be repeated at larger scale. Conversely, a disappointing period
may conceal healthy trend capture that was offset by a concentrated
implementation problem during a difficult roll window.

Diagnostic decomposition turns the portfolio return series into a set
of testable statements. It should allow a manager to answer questions
such as:

« Which sectors, markets, and signal horizons generated the profit
and loss?

« Was performance broad-based or concentrated in a small num-
ber of contracts?

+ Did long and short positions contribute symmetrically, or did re-
sults depend on one directional regime?

« How much gross trend capture survived spreads, commissions,
slippage, and roll execution?

« Which sleeves consumed portfolio risk, especially during draw-
downs?

« Did performance arise from intended trend exposures, or from
incidental exposures to asset classes, volatility states, or a small
number of market episodes?

The objective is not to manufacture a favorable narrative after the fact.
A useful diagnostic system is deliberately capable of producing uncom-
fortable findings. If returns depend heavily on a single sector, if a
medium-horizon signal repeatedly loses money after costs, or if a small
group of thin contracts absorbs most implementation drag, the attribu-
tion process should make that visible early enough to support action.
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6.6.1 Start with an Accounting Identity

Attribution is most reliable when it begins with the actual daily port-
folio accounting record rather than with a separately reconstructed re-
turn series. For each market ¢ on day ¢, let:

gross __
77 = qie—1mi (Fip — Fie1),

where ¢; ;1 is the number of contracts held entering day ¢, m; is the
contract multiplier, and F; ; is the relevant futures settlement price.
The gross portfolio profit and loss is:

N
gross __ gross
7o =y Ty,
i=1

Net profit and loss must then reconcile to the same cost treatment used
in the backtest engine and in live accounting;:

t 0SS 1551 exchange spread slippage impact
H?E — Htg _thommzsswn_ct g _Ctp _Ct ppag _Ct P +It7

where I; includes collateral interest, financing effects, and any other
explicitly modeled cash-account component.

At the instrument level, a complete reconciliation can be written as:

N
net __ gross trade roll
IT; *Z[Hi,t — O — O] + IL.
=1

This identity should hold exactly, subject only to immaterial rounding.
The discipline matters because many diagnostic errors arise from mix-
ing incompatible quantities. For example, a report may allocate gross
trading return by sector but subtract aggregate costs only at the total-
portfolio level. That presentation can make an expensive commodity
sleeve appear attractive even though its net contribution is persistently
negative.
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For attribution purposes, dollar P&Lis often the cleanest starting point
because it is additive across markets, sectors, and days. Returns can be
computed after aggregation:

net
net __ Ht

t )
Vi1

where V;_; is portfolio net asset value at the start of the period. If the
program uses changing capital, external subscriptions, redemptions,
or substantial variation margin flows, the reporting convention should
be fixed in advance and applied consistently. A return contribution
that is not based on the same capital convention as the total portfolio
will not reconcile cleanly.

6.6.2 A Practical Attribution Hierarchy

As discussed earlier, attribution is most useful when it follows a stable
hierarchy. For a futures trend portfolio, a practical hierarchy moves
from broad economic exposures toward increasingly operational de-
tail:

1. total gross and net portfolio P&L;

2. asset-sector contribution;

market contribution within each sector;

signal-horizon or model-sleeve contribution;

P ®

directional contribution from long and short positions;

o

6. implementation contribution, including ordinary rebalance and
roll costs;

7. risk contribution, both in ordinary conditions and in the tail.

Each level addresses a different management question. Sector attri-
bution asks whether diversification worked across rates, FX, equity
indices, and commodities. Market attribution identifies whether a
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sector result was broad or dominated by one contract. Horizon at-
tribution tests whether short-, medium-, and long-horizon signals
are each adding value. Directional attribution distinguishes perfor-
mance earned by participating in sustained advances from perfor-
mance earned during persistent declines. Implementation attribution
identifies where executable economics differ from paper economics.

The hierarchy should be nested. For example, the sum of market con-
tributions within commodities should equal the commodity-sector con-
tribution, and sector contributions should sum to the portfolio result.
This nesting is more than a presentation preference. It allows a man-
ager to drill down from a suspicious aggregate number to the contracts,
trades, and trading windows that generated it.

A concise reporting structure is shown in the table below.

Table 6.8: Diagnostic hierarchy for a systematic futures portfolio

Level Primary question Typical diagnostic output
Portfolio Did the reported result recon-  Gross P&L, net P&L, cost
cile to the accounting record?  drag, collateral income, real-
ized volatility, drawdown.
Sector Did diversification work  Rates, FX, equity-index, and
across economic groups? commodity return and risk
contributions.
Market Was sector performance  Contract-level P&L, hit rate,

broad-based?

average exposure, turnover,
and concentration measures.

Signal horizon

Which trend speeds added or
detracted?

Short-, medium-, and long-
horizon gross and net contri-
butions.

Direction Did long and short positions  Long-book versus short-book
behave as expected? P&L, exposure, and downside
contribution.
Implementation Where did execution reduce  Spread, slippage, impact, and
the theoretical result? roll cost by market and trad-
ing window.
Tail risk What drove the worst out- Marginal and component

comes?

contributions to volatility
and expected shortfall.

6.6.3 Return Contribution by Sector and Market

Let g(i) denote the sector containing market i. The gross contribution
of sector s over a reporting interval 7' is:
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gross __ gross
mgess =37 N e,

teT i:g(i)=s

The corresponding net contribution is:

Hnet Z Z HgT0€9 trade Oroll) )

teT i:g(i)=

This gross-to-net bridge should be shown for every sector and, where
material, for every contract. A sector that contributes strongly before
costs but weakly after costs is not necessarily a failed signal. It may in-
stead be a capacity, turnover, execution-timing, or contract-selection
problem. The distinction is important because the correct remedy dif-
fers:

» weak gross contribution suggests reviewing the signal, scaling
rule, or market’s role in the universe;

« strong gross contribution but poor net contribution suggests re-
viewing execution, turnover control, liquidity limits, or roll de-
sign;

« strong net contribution concentrated in one market suggests re-
viewing concentration limits and robustness across episodes.

A useful concentration statistic is the share of positive or negative per-
formance explained by the largest contributors. If P; is net P&L from
market 4, one simple measure is the ratio

Eielcpi
Zi]il Pi?

where K is the set of the k largest contributors. This measure requires
care when total P&L is near zero or negative, but it remains informa-
tive when used alongside absolute P&L. In practice, managers often
examine:

« the largest five positive contributors;
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« the largest five negative contributors;

« the fraction of total absolute P&L generated by the largest mar-
kets;

« the number of markets required to explain half of total portfolio
P&L.

The latter measures distinguish a diversified result from a portfolio
whose apparent diversification is only present in its list of contracts,
not in its realized outcomes.

6.6.4 Separating Allocation, Signal Quality, and
Timing Interaction

The allocation—selection—interaction framework can be adapted to sys-
tematic futures portfolios. The terminology should not be interpreted
too literally: a trend manager is not selecting stocks within an equity
benchmark. Rather, the framework separates three economically dis-
tinct sources of outcome.

» Allocation effect: Did the portfolio place more risk in sec-
tors or markets that subsequently performed well for the strategy
class?

 Selection effect: Within a sector, did the chosen markets and
their trend signals perform better than an appropriate sector ref-
erence?

« Interaction effect: Did the portfolio’s sizing and timing am-
plify or reduce the result from the markets in which it was active?

Suppose w; ;1 is the portfolio’s risk weight in sector s, w?, , is a ref-
erence sector weight, R, ; is the realized return of the portfolio’s sector
sleeve, and R, is a sector reference return. A stylized single-period
decomposition is:

Re—RE = (werr —wl ) RE 4> wl  (Rar = RE) + Y (wep1 — w8 ) (Rey — RE,).

s
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The first term is the allocation component, the second is the selec-
tion component, and the third is the interaction component. For a
managed-futures application, the reference need not be a conventional
long-only benchmark. It may be a diversified sector-level trend sleeve,
an equal-risk version of the program, or a reference portfolio with fixed
sector budgets.

The decomposition is diagnostic rather than dispositive. A positive
allocation effect can arise because dynamic risk scaling correctly allo-
cated less capital to a stressed sector, but it can also arise because the
program happened to be concentrated in the right place during one
unusual event. A positive interaction effect can reflect responsive posi-
tion sizing, yet it can also reveal that a single large position dominated
the period. The correct interpretation therefore requires examining
persistence across time, not merely a full-sample total.

A useful implementation is to calculate the components over rolling
windows, such as one month, one quarter, and one year. A process
whose selection contribution is modestly positive across many win-
dows is more credible than one whose entire history depends on a sin-
gle large interaction term during a crisis.

6.6.5 Trend-Horizon and Directional Diagnos-
tics

Managed-futures returns are commonly explainable, at least in part, by
time-series momentum exposures. A horizon-level attribution there-
fore provides a necessary baseline. The aim is not to claim that ev-
ery unit of return is uniquely attributable to one signal; correlated sig-
nals and shared risk scaling make that impossible without modeling
assumptions. The aim is to identify whether the program’s realized
behavior is consistent with the intended mix of trend speeds.

If the target position is formed from H horizon sleeves, write the posi-
tion in market i as:

H

h

qi,t = § qz‘(7t)~
h=1
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A simple sleeve-level gross P&L allocation is then:

H(h qu(}z) 1 (Fie — Fig-1).

This approach is exact when the sleeve positions are maintained sepa-
rately. If the implementation first combines signals and then rounds to
a single tradeable contract position, the residual created by rounding
and netting should be assigned to an explicit portfolio implementa-
tion bucket rather than silently distributed among sleeves.

Horizon analysis should report both absolute and risk-adjusted results.
A long-horizon sleeve may generate the largest cumulative P&L be-
cause it holds positions for extended periods, while a short-horizon
sleeve may contribute diversification by reacting more quickly to rever-
sals. A sleeve should not be judged solely by standalone Sharpe ratio.
Its marginal contribution to the combined portfolio, its turnover bur-
den, and its behavior in stress periods all matter.

Directional analysis adds another useful lens. Define the positive and
negative portions of the prior-day position as:

q;“t,l = max (¢;¢-1,0), Q1= min (gi,¢—1,0) .

Long and short P&L can then be calculated as:
Hlony qut RCTAVIES [Ishert — Zq;tilmiAFm.
i

A persistent imbalance between long and short contributions does not
automatically indicate a flaw. The sample may contain a strong eq-
uity bull market, a commodity inflation episode, or an extended rate
rally. It does, however, identify a question for further investigation:
did the portfolio earn return from robust two-sided trend participation,
or from a directional exposure that happened to be rewarded in the ob-
served sample?

This distinction is particularly important for equity-index futures. A
trend process can develop a positive long bias because equity markets
have a long-run upward drift. That may be economically acceptable,
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but it should be recognized as an embedded exposure rather than de-
scribed solely as trend alpha.

6.6.6 Implementation Attribution: From Theo-
retical Edge to Net Result

Implementation attribution should identify precisely where gross ex-
pectation becomes net outcome. The total implementation drag over a
period is:

N
impl __ commission exchange spread slippage impact
DI (e+ + OFyhemee 4 Oen 4 Ot 4 Ot
teT i=1

For operational purposes, this total should be decomposed in at least
three ways:

1. by instrument;

2. by trade type, such as signal rebalance, volatility rescaling, risk
reduction, and contract roll;

3. by execution window, including ordinary sessions, roll windows,
and stressed market conditions.

The distinction between ordinary rebalances and rolls is especially
valuable. A futures strategy may exhibit acceptable day-to-day trading
costs while losing a disproportionate amount during concentrated roll
activity. If roll slippage is large in a particular contract, the desk can in-
vestigate whether the problem is related to execution timing, contract
migration, limited depth in the deferred contract, or a position size that
has become too large relative to available liquidity.

A simple cost-rate diagnostic is:

ZteT Cl_tgtal
> _:cr |NotionalTraded; 4| )
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The cost rate should be compared with both the modeled assumption
and the instrument’s realized gross contribution. A rising cost rate ac-
companied by stable gross signal quality is evidence consistent with im-
plementation crowding or deteriorating liquidity, rather than alpha de-
cay. In contrast, falling gross contribution with stable cost rates points
more directly toward a weakening signal or a changing market regime.

This separation is central to capacity-aware interpretation. A strategy
can appear to deteriorate as assets grow for two very different reasons:

« Alpha decay: the predictive relationship itself weakens, per-
haps because market behavior changed or the signal was overfit;

» Implementation crowding: the underlying signal remains
present in gross terms, but trading larger size erodes the captured
return through spread, impact, adverse selection, or constrained
execution.

Only the second problem can plausibly be addressed by reducing par-
ticipation, staggering execution, limiting capital, or changing market
weights. Attribution should therefore maintain separate gross and net
histories for every major sleeve.

6.6.7 Risk Attribution and Drawdown Diagnosis

Return attribution explains where money was made or lost. Risk attri-
bution explains which exposures made the portfolio vulnerable. These
are related but not interchangeable. A sector may contribute little av-
erage return while consuming a large fraction of volatility or tail risk.
Another sector may generate most of the portfolio’s long-run return
while contributing modestly to ordinary volatility because its gains oc-
cur in episodes when other sleeves are weak.

Let w be the vector of portfolio risk weights and ¥ the covariance ma-
trix of sleeve returns. Portfolio volatility is:

op = Vw T Sw.

Under the usual differentiability conditions, Euler allocation gives an
additive decomposition of volatility:
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)
Z i aZf;

The component contribution of sleeve j is:

These component contributions sum to total portfolio volatility. They
can be calculated at the sector, market, horizon, or directional-sleeve
level. A manager should review them alongside capital weights. Equal
capital allocation does not imply equal risk allocation, particularly
when volatility and correlation differ sharply across futures markets.

Expected shortfall (ES) adds a tail-focused perspective. For a loss
threshold corresponding to confidence level «, the marginal contribu-
tion of sleeve ; can be expressed conceptually as:

0FES,
3wj ’

MRCF® =
with component contribution:

RCPS = w; x MRCP®.

In historical or simulation-based estimation, this is commonly approx-
imated by examining sleeve losses during the portfolio’s worst tail ob-
servations. The estimate can be noisy because tail samples are limited,
so it should be reported over multiple windows and supplemented with
scenario analysis. Nevertheless, it answers a question that volatility
contribution cannot answer: which sleeves dominate the losses when
the portfolio is already under pressure?

Drawdown attribution should be performed episode by episode, not
merely over the full sample. For a drawdown beginning at peak date ¢
and reaching trough date ¢;, the contribution of market : is:
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The same aggregation can be applied to sectors, signal horizons, and
execution costs. A drawdown report should identify:

« the principal losing sectors and markets;

« whether losses arose from trend reversals, persistent adverse
trends, correlation shifts, or execution drag;

« whether short-, medium-, and long-horizon sleeves reacted dif-
ferently;

« whether the portfolio’s dynamic overlays reduced loss severity,
increased turnover, or delayed recovery.

A drawdown caused by many modest losses across sectors has a differ-
ent implication from one caused by a single crowded commodity posi-
tion or a synchronized reversal across related rate contracts. The first
may be an unavoidable feature of diversified trend exposure; the sec-
ond may reveal a concentration that ordinary volatility reporting failed
to capture.

6.6.8 A Diagnostic Dashboard and Review
Cadence

The most effective reporting process combines stable recurring met-
rics with targeted investigation of unusual observations. Daily reports
should emphasize reconciliation, exposures, turnover, and emerging
cost anomalies. Weekly reports can review sector and horizon con-
tributions. Monthly and quarterly reviews should assess concentra-
tion, rolling attribution stability, capacity indicators, and drawdown
episodes.

A compact manager dashboard should contain, at minimum:

« gross and net return by rates, FX, equity indices, and commodi-
ties;
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« gross-to-net contribution by trend horizon;
+ long versus short P&L and risk contribution;
« top positive and negative market contributors;

« turnover and implementation drag by instrument and roll win-
dow;

+ marginal and component contributions to volatility and expected
shortfall;

« contributions during the current drawdown and during the
largest historical drawdowns;

« exposure to simple trend and asset-class style baselines.

Style attribution should be used as a diagnostic baseline rather than
as a claim that the process is reducible to a few factors. For exam-
ple, regressions or exposure estimates can test whether returns are
largely explained by broad short-, medium-, and long-horizon trend
factors, sector trend factors, or directional asset-class exposures. A
large unexplained residual is not automatically evidence of skill; it may
reflect nonlinear sizing, changing correlations, implementation effects,
or omitted exposures. Similarly, a large explained component is not a
criticism if the stated mandate is to deliver diversified trend exposure
efficiently.

The appropriate standard is alignment between observed behavior and
intended design. If the program is meant to be a balanced multi-
horizon trend process, then its return and risk should not repeatedly
be dominated by one sector, one direction, or one implementation-
sensitive set of contracts without explicit approval.

6.6.9 From Diagnosis to Decision

Attribution becomes valuable only when it informs decisions. Each re-
curring pattern should map to a defined management response, while
preserving the distinction between observation and intervention.

No single attribution view is sufficient. A sector can look attractive
in return terms and unattractive in tail-risk terms. A signal horizon
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Table 6.9: Examples of attribution findings and appropriate follow-up

Finding

Interpretation and follow-up

Strong gross returns but persistently weak net
returns in a thin contract group

Review participation limits, execution win-
dows, roll procedures, and whether the con-
tracts remain suitable for the deployable cap-
ital base.

Most return comes from one sector or a few
markets

Test whether the concentration is persistent,
intended, and supported by risk limits; distin-
guish a legitimate trend episode from hidden
structural dependence.

One horizon contributes only through a single
historical episode

Conduct rolling and out-of-sample stability
checks before assigning strategic importance
to that sleeve.

Short positions generate most drawdown risk
despite modest average exposure

Review correlation behavior in stress periods,
short-side liquidity, and the interaction be-
tween signal reversal speed and risk overlays.

A sector has negative standalone return but re-
duces portfolio expected shortfall

Evaluate it as a diversifier; do not remove it
solely on the basis of standalone performance.

Cost drag rises as assets under management in-
crease while gross performance remains stable

Treat the result as a capacity warning and
investigate implementation crowding rather
than immediately concluding that the signal
has decayed.

can add gross alpha but lose its value after trading costs. A market
can be unimportant on average but dominate a particular drawdown.
The manager’s task is to consider these views together and determine
whether the observed trade-offs match the strategy’s mandate and
stated risk tolerance.

The final output of diagnostic decomposition is therefore not merely a
report. It is an auditable explanation of portfolio behavior: what expo-
sures were held, what they earned or lost, what they cost to trade, how
they interacted, and which risks mattered when conditions became ad-
verse. When that explanation is stable, reconciled, and economically
plausible, performance can be managed as evidence rather than treated
as a collection of isolated return observations.
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Chapter 7

Operating, Evaluating,
and Sustaining a
Professional CTA
Program

A CTA program is not proven when the backtest is complete; it is
proven when the process survives live markets, scrutiny, scale, and
time. This chapter shows how robust governance, clear reporting,
investor-aware evaluation, and disciplined adaptation transform a
trading system into an institutionally sustainable managed futures
business.

7.1 Research-to-Production Governance

A systematic CTA does not become operationally mature when a model
passes a backtest review. It becomes mature when it can change that
model without losing control of what is trading, why it is trading, who
authorized it, and how the prior state can be restored.
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The governing problem is straightforward but important. A live trend
program is not a static formula. It is a chain of interacting production
objects: market data, contract mappings, signal parameters, volatility
estimates, portfolio constraints, execution rules, risk limits, and op-
erational procedures. A seemingly small modification to any one of
these objects can alter realized exposures or implementation behav-
ior. For example, changing a futures-roll convention may appear to
be a data-maintenance task, but it can change return histories, volatil-
ity forecasts, trend signals, and therefore position sizes. Similarly, a
correction to a market’s trading calendar can change the time at which
a signal is considered available.

Research-to-production governance is the discipline that treats such
changes as controlled decisions rather than informal improvements.
Its purpose is not to prevent evolution. A CTA that never improves its
systems, adapts its instrument universe, or corrects defects will eventu-
ally become operationally fragile. The purpose is to ensure that change
is intentional, independently reviewed in proportion to its risk, fully
recorded, and reversible.

7.1.1 The Production Model Is More Than a Signal

For governance purposes, a production model should be defined
broadly. It includes not only the trend rule but also every specification
required to reproduce the investment decision and its implementation.
A production release therefore comprises at least the following
components:

the signal specification, including lookback horizons, aggrega-
tion rules, and signal transformations;

the eligible instrument universe and the rules for adding, sus-
pending, or removing markets;

« reference data conventions, including contract rolls, calendars,
price fields, currency conversions, and treatment of missing ob-

servations;

« volatility estimation and position-sizing methods;
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« portfolio-level constraints, diversification rules, and risk-
targeting settings;

« execution instructions, order-generation logic, trading windows,
and participation limits;

« pre-trade risk controls and post-trade reconciliation rules;

» the software release, configuration files, dependency versions,
and scheduled jobs that implement the program; and

« the operational procedures used when normal automation fails.

This broad definition prevents a common governance error: approving
a research model while leaving the production implementation weakly
controlled. The investor experiences the implemented system, not the
research memorandum. If the research code used settlement prices
but the live process consumes an intraday vendor field, the two systems
are economically different even if they share the same signal equation.

A useful operational principle is therefore:

A model version is the complete, reproducible specification
of the decisions that the CTA can place in the market.

This principle has practical consequences. A release cannot be identi-
fied only by a descriptive label such as “medium-term trend update.”
It requires a unique version identifier and a linked record of code, con-
figuration, data assumptions, approvals, test results, and deployment
time. The objective is not bureaucratic detail for its own sake. It is
the ability to answer, quickly and accurately, the questions that matter
after a surprising result:

« What logic generated this position?
» Which inputs were available at the time of the decision?

« Was the position intended, correctly sized, and correctly exe-
cuted?

« Who approved the release that produced it?
« Can the exact calculation be reproduced?

« If necessary, can the prior approved state be restored safely?
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7.1.2 Decision Rights and Segregation of Duties

A credible control framework separates the right to propose a change
from the right to approve, deploy, and independently assess that
change. Complete organizational separation may not be feasible for
a small CTA, but the underlying principle remains applicable: no in-
dividual should be able to research, approve, deploy, and certify the
correctness of a material change without meaningful challenge.

The central roles are summarized in the following table. Titles differ
across firms, but the responsibilities should be explicit in written pro-
cedures.

Role Primary responsibility Authority and con-
straints
Research Proposes model, data, uni- May recommend a release,

verse, and methodology
changes; prepares evidence
and implementation specifi-
cations.

but should not unilaterally
promote a material change to
production.

Independent risk or valida-
tion

Challenges assumptions;
replicates selected results;
assesses exposure, concen-
tration, liquidity, and stress
implications.

Can require further testing,
narrower limits, phased de-
ployment, or rejection.

Technology and operations

Builds and deploys the ap-
proved release; tests inter-
faces, scheduling, security,
reconciliation, and recovery

Deploys only an approved ar-
tifact and must confirm that
the live environment matches
the approved specification.

Model approval committee

procedures.
Determines  whether  ev-
idence is sufficient for

production use and whether
the investor and operational
consequences are acceptable.

Approves, rejects, defers, or
conditions a material release;
assigns review dates and op-
erating limits.

Oversight and compliance

Maintains  records, as-
sesses disclosure and client-
communication implications,
and verifies adherence to
policy.

May require amended disclo-
sures, additional controls, re-
tained evidence, or escalation
to senior management.

The model approval committee need not be large, but it should be ca-
pable of making real decisions. At a minimum, it should include rep-
resentation from research, risk, technology or operations, and senior
oversight. A committee that merely receives updates after deployment
isnot a control body. Its role is to decide whether the evidence supports
taking a new form of risk on behalf of investors.

The committee’s review should concentrate on questions that are diffi-

458



7.1. RESEARCH-TO-PRODUCTION GOVERNANCE

cult for the research author to answer impartially:

« Isthe stated economic rationale consistent with the observed his-
torical behavior?

+ Does the result survive reasonable variations in sample period,
markets, costs, timing, and parameter choices?

+ Has the implementation been independently reproduced from
the documented specification?

» Does the change create new exposure concentrations, capacity
limits, or execution dependencies?

+ Does the change alter the strategy being described to investors or
require revised disclosures?

« Is the operational process capable of running, monitoring, and
reversing the release reliably?

The required standard is not proof that a model will outperform. Such
proofis impossible. The standard is evidence that the proposed change
is sufficiently robust, understandable, implementable, and controlled
to justify live use.

7.1.3 Classifying Changes Before Reviewing
Them

Not every production event deserves the same approval process. Re-
quiring a full committee review for a corrected ticker symbol can cre-
ate delay without adding protection. Conversely, treating a change to
a volatility target as routine maintenance can expose investors to an
unreviewed change in program risk.

A practical framework classifies changes according to their potential
effect on investment decisions, investor disclosures, risk, and opera-
tional resilience.

The classification should be based on economic substance rather than
the apparent size of the technical edit. A one-line configuration change
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Change class

Examples

Typical control response

Routine operational mainte-
nance

Correcting a non-economic
display field; renewing
credentials; updating an un-
changed vendor connection.

Logged change, peer review,
technology testing, and con-
firmation that model outputs
are unaffected.

Controlled parameter or uni-
verse maintenance

Adding an already-approved
contract month conven-
tion; changing a market’s
exchange symbol; updating
a documented holiday calen-
dar.

Research and  operations
review, regression testing,
impact assessment, and
approval under delegated
authority.

Material model change

Changing trend horizons,
volatility estimation, port-
folio constraints, execution
logic, instrument eligibility,
or risk target.

Formal research memoran-
dum, independent challenge,
committee approval, release
plan, and post-release review.

Emergency corrective change

Disabling a defective data
feed; halting orders after rec-
onciliation failure; correcting
a critical production defect.

Immediate action within pre-
authorized limits, incident
record, senior notification,
retrospective review, and

formal regularization of the
new state.

can be material if it affects target positions across the portfolio. Con-
versely, alarger software refactoring may be non-material if it is proven
to preserve outputs under a comprehensive regression test.

Materiality should also be assessed cumulatively. A sequence of in-
dividually small changes can create a substantially different program.
For this reason, governance records should identify not only each re-
lease but also the accumulated changes since the last full model review.

7.1.4 The Controlled Promotion Path

The route from research proposal to live deployment should contain ex-
plicit gates. Each gate asks a different question. Research review asks
whether the idea is credible; independent validation asks whether it
can be reproduced and challenged; operational readiness asks whether
it can run safely; and post-deployment monitoring asks whether the
live system continues to match its approved design.

The first artifact is a research proposal, not merely a performance chart.
It should state the purpose of the change, the affected production com-
ponents, the expected economic effect, and the evidence supporting
adoption. It should also identify what would falsify the case for the
change. For a trend model, this might include deterioration after real-
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istic costs, excessive dependence on a small set of crisis episodes, sen-
sitivity to one market sector, or a performance gain that disappears
under plausible execution delays.

Independent validation should confirm that the proposed implementa-
tion produces the documented results using controlled inputs. Valida-
tion is not simply rerunning the researcher’s notebook. It should use a
separately controlled environment, independently obtained or recon-
structed inputs where feasible, and tests designed to find failure rather
than confirm success. The reviewer should examine boundaries that
often create hidden errors: contract-roll dates, missing prices, limit
moves, exchange holidays, currency conversion dates, and the treat-
ment of markets entering or leaving the universe.

Approval should be conditional when uncertainty remains material
but manageable. A committee may authorize a limited-capital release,
tighter risk limits, a restricted market subset, or a defined observation
period. This is often preferable to the false choice between immediate
full deployment and indefinite delay. A phased release converts some
uncertainty into observable live evidence while limiting the capital ex-
posed to implementation error.

7.1.5 Release Criteria, Versioning, and Repro-
ducibility

A release should not be approved because the team believes it is ready.

It should be approved because it satisfies pre-specified release criteria.

Written criteria reduce the risk that enthusiasm rises after strong back-
test results or that commercial pressure weakens standards.

For a material change, the release package should ordinarily include:

1. a versioned research memorandum describing the hypothesis,
scope, tests, limitations, and expected portfolio effects;

2. a model inventory entry naming the model owner, intended use,
dependencies, review frequency, and current approval status;

3. acomplete implementation specification that translates research
logic into production rules;
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4. evidence of independent reproduction or validation;

5. historical and stressed estimates of return, drawdown, turnover,
liquidity use, concentration, and expected implementation cost;

6. regression-test results demonstrating that unchanged compo-
nents still behave as intended;

7. a deployment plan specifying timing, responsible personnel, fall-
back procedures, and communication requirements;

8. a record of required approvals, conditions, and any dissenting
views; and

9. an explicit post-implementation review date.
Versioning should distinguish among at least four objects:

« research version: the code and assumptions used to develop
and evaluate an idea;

« approved model version: the frozen economic and method-
ological specification authorized for use;

« production release version: the deployed software and con-
figuration that implement the approved model;

« data version: the identifiable reference-data snapshot, map-
ping rules, and vendor inputs used in a calculation.

These labels should be linked but not conflated. A production release
can change without changing the approved model, for example when
code is refactored and regression tests demonstrate identical outputs.
Conversely, a revised model specification requires new approval even
if the software changes very little.

Reproducibility requires immutable records. The firm should retain
the precise configuration, source-control reference, dependency
record, data lineage, test outputs, and approval evidence associated
with a release. If a historical calculation cannot be reproduced because
the relevant input data or configuration has been overwritten, the firm
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may be able to explain its process informally but cannot demonstrate
it convincingly to investors, auditors, regulators, or itself.

This recordkeeping requirement extends to live trading evidence. Or-
ders, fills, allocations, reconciliations, overrides, risk-limit exceptions,
and the basis for material operational decisions should be retained in
a form that can be retrieved and linked to the governing model ver-
sion. The operational objective is a continuous chain of evidence from
approved logic to executed trade.

7.1.6 Monitoring: Testing the Live System
Against Its Approved State

Monitoring serves two separate purposes that should not be confused.

First, implementation monitoring asks whether the live system is op-
erating as designed. It examines data freshness, job completion, sig-
nal generation, target positions, orders, fills, reconciliation status, and
risk-limit use. An unexplained difference between model target and
actual position is an implementation question even if the market is be-
having normally.

Second, model monitoring asks whether the economic behavior of the
program remains within the range contemplated at approval. It exam-
ines realized volatility, drawdown, turnover, sector exposures, correla-
tion structure, transaction costs, capacity usage, and the relationship
between realized performance and expected trend-program behavior.
Poor performance alone is not proof of model failure; trend strate-
gies can experience extended periods in which reversals, compressed
trends, or elevated costs are unfavorable. The relevant question is
whether the observed outcome is consistent with known strategy risks
or reflects an unanticipated defect or structural break.

A useful monitoring framework contains three types of thresholds:

« hard limits, which trigger automatic blocking, position reduc-
tion, or immediate escalation, such as a breach of maximum or-
der size or a missing critical input;

- investigation thresholds, which require human review but do
not necessarily stop trading, such as elevated slippage or a large
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unexplained divergence from target risk; and

« review thresholds, which trigger a scheduled reassessment,
such as sustained turnover above the approved range or repeated
data-quality exceptions.

Thresholds should be linked to actions. An alert that merely produces
a message is not a control. Every material alert requires an owner, a
response time, a documented resolution path, and an escalation route
if the owner is unavailable or the issue remains unresolved.

7.1.7 Exceptions, Kill Switches, and Incident Re-
sponse

A robust program distinguishes between a permitted exception and an
uncontrolled override. A permitted exception is a documented depar-
ture from the normal process, authorized by a person with delegated
authority, limited in duration and scope, and recorded with its ratio-
nale. Examples include temporarily excluding a market after an ex-
change disruption or delaying an order because liquidity conditions are
abnormal.

An uncontrolled override occurs when a user changes a position, pa-
rameter, input, or execution instruction without the required autho-
rization or record. Such actions are dangerous not because every one
produces a loss, but because they destroy the ability to know what the
system was intended to do.

The kill-switch policy should specify who may halt new orders, cancel
outstanding orders, reduce positions, or disable a model. It should also
distinguish among the following states:

1. pause: stop generation of new orders while preserving the abil-
ity to inspect the system;

2. cancel: withdraw unexecuted orders that may no longer reflect
approved intent;

3. contain: prevent increases in exposure while allowing con-
trolled risk reduction;
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4. liquidate or reduce: actively move positions toward a speci-
fied safer state; and

5. rollback: restore the last known approved production release
after confirming data, positions, and reconciliation status.

These actions are not interchangeable. A data failure may justify paus-
ing new orders but not immediate liquidation. A breach of a position
limit may require risk reduction even if the model itself remains valid.
A software defect may require rollback, but rollback should not be ex-
ecuted blindly: the team must first establish the actual positions, out-
standing orders, and state of external systems. Otherwise, restoring
an earlier release can create duplicate orders or unintended exposure
changes.

An incident procedure should be designed for the period when infor-
mation is incomplete and time is limited. The initial objective is con-
tainment, not explanation. The team should preserve logs and inputs,
establish the current economic state of the portfolio, stop further unin-
tended activity, notify the required decision makers, and document all
manual interventions. Only then should it determine root cause and
select the recovery path.

After a material incident, the CTA should conduct a blameless but rig-
orous postmortem. A useful postmortem answers five questions:

1. What happened, and when was it first detectable?

2. What investor exposure, trading activity, or operational process
was affected?

3. Why did existing preventive or detective controls fail to stop the
event earlier?

4. What immediate remediation restored safe operation?

5. What permanent change will reduce the probability or impact of
recurrence?

The postmortem should separate proximate cause from control failure.
For example, a vendor data error may be the proximate cause, but in-
adequate stale-price detection, weak vendor fallback procedures, or an
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unclear escalation policy may be the control failures that allowed it to
affect trading.

7.1.8 Scheduled Review and the Right to Recon-
sider

Every approved model should have a review cadence. The cadence
need not imply that parameters are continually optimized; frequent
reoptimization can itself become a source of overfitting and instabil-
ity. Instead, scheduled review provides a disciplined opportunity to
confirm that the model remains appropriate for its stated purpose and
that its live implementation still matches the approved specification.

A periodic review should consider:

« changes in market structure, contract specifications, trading
hours, liquidity, and margin practices;

« changes in data vendors, calculation infrastructure, execution
venues, or outsourced service providers;

« deviations between expected and realized costs, turnover, capac-
ity use, and risk concentrations;

« repeated exceptions, operational incidents, and unresolved con-
trol weaknesses;

» whether disclosures, client communications, and internal de-
scriptions remain accurate; and

whether the original evidence remains persuasive when updated
with live observations.

The result of a review may be to retain the model unchanged. This is
a valid decision when it is supported by evidence. Governance should
not create pressure to modify a working process merely to demonstrate
activity. Equally, a decision to retain a model should be recorded, be-
cause it demonstrates that continued use was considered rather than
assumed.
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7.1.9 Governance as Protection of Scientific Dis-
cipline

The most valuable contribution of governance is often visible during
difficult periods. When a trend program is in drawdown, commercial
and psychological pressure can encourage discretionary intervention:
shorten the horizon after whipsaws, exclude the market that recently
lost money, or suspend a rule just before it recovers. Such reactions
may feel prudent, but without a controlled process they convert a sys-
tematic mandate into undocumented discretion.

A disciplined framework does not prohibit judgment. It requires that
judgment be made visible, testable, and accountable. It asks whether
a proposed response is supported by evidence available before the out-
come is known, whether it is consistent with the mandate, and whether
investors would reasonably regard it as a material change in how their
capital is managed.

The operating standard is therefore not that every release succeeds or
that every incident is avoided. No control framework can guarantee
either result. The standard is that the CTA can demonstrate a reli-
able process: changes are proposed with evidence, challenged indepen-
dently, approved at the right level, deployed from controlled artifacts,
monitored in live operation, and reversed safely when necessary. That
process protects both the integrity of the strategy and the continuity of
the organization that runs it.

7.2 Reporting, Transparency, and Stake-
holder Communication

A CTA’s reporting process is the external expression of its operating
discipline. Investors cannot observe the research environment, order-
management controls, data checks, or governance meetings directly.
They infer the quality of the program partly from the consistency, time-
liness, and honesty of the information they receive.

The communication objective is not to provide every available data
point. Alarge, unstructured packet can obscure the facts that matter as
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effectively as a sparse report. The objective is to give each stakeholder
sufficient information to understand three questions:

« 1. What did the program own, and what economic risks did it
take?

+ 2. Why did the program behave as it did over the reporting pe-
riod?

+ 3. Did actual implementation remain consistent with the stated
mandate, risk controls, and investor expectations?

A useful reporting framework distinguishes transparency from disclo-
sure of proprietary detail. Investors reasonably need to understand
the strategy’s mandate, risk profile, implementation quality, mate-
rial changes, and realized outcomes. They do not ordinarily need
source code, exact parameter values, security credentials, or order-
level details that could compromise intellectual property or operational
security. The appropriate standard is decision-useful transparency:
enough information to permit informed oversight without turning a
managed program into an open technical repository.

7.2.1 Reporting Begins with a Clear Information
Architecture

Professional communication works best when it is organized as a hier-
archy rather than a collection of unrelated documents. Each layer has
a distinct purpose, audience, approval process, and update frequency.

At the highest level, the CTA should maintain the formal disclosure
materials applicable to the program being offered. NFA expects CTA
Members, absent an exemption, to provide a disclosure document to
prospective clients for the specific trading program offered. CFTC rules
govern the filing and use of disclosure documents, including lead time
before first delivery and controlled amendments. Operationally, this
means that a material change to the program cannot be treated solely
as a research or technology event. It may also trigger a compliance
review of whether investor-facing descriptions remain accurate.
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The next layer consists of recurring investor reports. These commu-
nicate realized performance, exposures, risk use, and implementation
outcomes. A third layer contains methodology memoranda and model-
change records, which are generally more detailed and are provided to
sophisticated investors, consultants, or internal oversight bodies as ap-
propriate. A fourth layer contains operational-control materials, such
as summaries of business continuity arrangements, cybersecurity gov-
ernance, reconciliation practices, and relevant service-provider con-
trols.

The following table sets out an illustrative reporting architecture.

Table 7.1: Illustrative CTA reporting architecture

Reporting layer Primary purpose Typical content

Program disclosure materials ~ Describe the program being  Strategy mandate, principal
offered and the risks an in- risk factors, fees, conflicts,
vestor is being asked to ac- performance presentation, el-

cept. igible instruments, material
business terms, and required
disclosures.

Periodic investor report Explain the investor’s recent ~ Net and gross returns where
economic experienceinacon-  appropriate, assets under
sistent format. management, drawdown,

sector exposure, risk uti-
lization, implementation
commentary, and material
events.

Methodology and change  Explain the stable design of  High-level signal approach,

record the program and identify ma-  portfolio objectives, risk
terial evolution over time. framework, instrument-

universe policy, material
model changes, and effective

dates.
Operational controls sum-  Support operational due dili-  Governance structure, valu-
mary gence and oversight. ation and reconciliation con-

trols, service-provider over-
sight, business continuity
arrangements, information-
security  approach,  and
incident escalation proce-
dures.

The layers should agree with one another. A monthly report should
not describe the program as broadly diversified if the formal strategy
description limits it to a narrower universe. A methodology memoran-
dum should not imply discretionary intervention if the disclosure ma-
terials present the program as systematic. A due-diligence response
should not claim that changes are committee-approved if the internal
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records cannot demonstrate the approval.

Consistency is more important than rhetorical polish. Investors can
tolerate an unfavorable month; they will be less tolerant of a report
whose definitions, benchmark, fee basis, or exposure categories change
without explanation.

7.2.2 Match the Report to the Stakeholder’s Deci-
sion

Different stakeholders use the same program information for different
decisions. A portfolio manager allocating to the CTA needs to judge
diversification value and the likelihood of future behavior. A risk com-
mittee needs to determine whether exposure remains within mandate
and risk appetite. Operations personnel need to resolve breaks and
confirm the integrity of records. Client-service personnel need a con-
cise, approved explanation that is accurate under questioning.

The reporting package should therefore vary by audience while draw-
ing from a single controlled source of data. The principle is “one eco-
nomic truth, several appropriate views.” The total return, assets, po-
sitions, and risk measures should reconcile across reports even when
their presentation differs.

Frequency should be chosen according to the investor’s ownership
structure and decision needs. A separately managed account may re-
quire daily risk snapshots because the investor holds a distinct account
with client-specific restrictions. A commingled vehicle may appropri-
ately provide monthly exposure summaries because the investor’s deci-
sion is generally to own units in the vehicle rather than direct individual
trades.

More frequent reporting is not necessarily better. Daily performance
reporting can encourage investors to evaluate a medium-term trend
strategy through short-term noise. The CTA should provide timely in-
formation without inviting the mistaken belief that daily outcomes are
a reliable test of a strategy designed to earn returns over longer hori-
Zons.
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Table 7.2: Stakeholder needs and suitable reporting cadence

Audience

Decision
ported

being  sup-

Appropriate information
and cadence

Prospective investor

Whether the program fits
the investor’s objectives, con-
straints, and risk tolerance.

Current disclosure materials,
clearly labeled track record,
fee terms, risk summary, and
high-level methodology infor-
mation before investment.

Existing investor or allocator

Whether to maintain, in-
crease, reduce, or redeem an
allocation.

Monthly performance and
exposure report; quarterly
risk and implementation
review; prompt notice of
material program changes or
unusual events.

Separately managed account
client

Whether account-level activ-
ity conforms to instructions
and restrictions.

Account-specific  holdings,
cash, margin, orders, fills,
and risk information at an
agreed frequency, which may
include daily reporting.

Risk committee and senior
management

Whether the program re-
mains  within  approved
limits and whether emerging
concerns require action.

Daily exception reporting,
periodic risk dashboards,
incident summaries, model-

change records, and es-
calation during material
drawdowns.

Board or governing body

Whether the firm is man-
aging investors’ capital with
adequate oversight and re-
silience.

Quarterly summary of perfor-
mance, risk, operational in-
cidents, compliance matters,
capacity, and unresolved con-
trol issues.

Client service and distribu-
tion

How to communicate accu-
rately and consistently with
current and prospective in-
vestors.

Approved commentary, cur-
rent performance statistics,
disclosure status, change log,
and pre-cleared responses to
common questions.
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7.2.3 The Core Monthly Investor Report

A monthly report is usually the central recurring communication arti-
fact. It should be sufficiently stable that an investor can compare one
period with another, but sufficiently explanatory that a difficult month
does not become an unexplained number.

The report should state the return convention prominently. This in-
cludes whether returns are gross or net of management and incentive
fees, whether transaction costs are included, what vehicle or account is
represented, and whether the result is actual or simulated. GIPS and
CFA performance presentation standards emphasize the importance
of consistent composites, clear gross-versus-net labeling, and explicit
distinction between simulated and actual performance. These distinc-
tions are not technical footnotes. They determine what the investor
actually experienced.

For a live program, a concise monthly report commonly includes the
following elements:

« net return for the month, year to date, and relevant longer peri-
ods;

« gross return where it is useful and permitted, together with a
clear explanation of the difference from net return;

« assets under management or assets advised, with a precise defi-
nition of the measure used;

« current and historical drawdown statistics using a stable calcula-
tion convention;

« realized volatility and risk utilization relative to the program’s in-
tended range;

« exposure summaries by broad asset class, such as equities, fixed
income, commodities, and currencies;

« directional exposure or trend participation summaries,
expressed in a way that does not imply a static long-only
allocation;
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- sector and market contribution, using the performance-
attribution conventions established for the program;

« implementation indicators, such as estimated trading cost, exe-
cution shortfall, turnover, and material deviations from target
exposure;

« a concise market and portfolio commentary; and

« disclosure of material model, universe, operational, or personnel
changes relevant to the investor’s understanding of the program.

The exposure summary requires careful language. A trend program
can be long a bond future one month, short it the next, and flat shortly
thereafter. Reporting only a net notional figure may be misleading be-
cause it can hide the underlying gross risk or the diversification of po-
sitions across markets. Reporting only gross exposure can be equally
incomplete because it does not indicate directional sensitivity. A useful
report presents a small set of complementary measures, such as gross
risk by sector, net directional risk by sector, and the number of active
markets.

The same caution applies to leverage. Futures notional exposure is not
an adequate stand-alone measure of economic risk because contract
multipliers, volatility, and margin requirements vary widely across
markets. For a volatility-targeted CTA, risk-weighted exposure, fore-
cast volatility contribution, and stress-loss measures are normally
more informative than notional alone.

7.2.4 Explain Portfolio Behavior Without Creat-
ing a Story After the Fact

Investor commentary is most valuable when it explains the system-
atic mechanics that drove performance rather than inventing a persua-
sive narrative after outcomes are known. A trend program may lose
money in a month because established trends reversed, because mar-
kets moved sideways with repeated short-lived breakouts, because a
few large positions experienced abrupt gaps, or because trading costs
rose during unusual market conditions. These are different experi-
ences and should not be described with one generic phrase.

473



CHAPTER 7. OPERATING, EVALUATING, AND SUSTAINING A PROFESSIONAL CTA
PROGRAM

A good explanation has three layers.

First, it identifies the broad market environment: persistent direc-
tional moves, range-bound trading, sharp reversals, volatility shocks,
liquidity stress, or dispersion across sectors. Second, it connects that
environment to the program’s known return drivers, such as partici-
pation in established trends or losses from reversals. Third, it identi-
fies whether implementation amplified or reduced the result through
slippage, delayed execution, contract-roll effects, or temporary con-
straints.

For example, a clear explanation of a difficult period might state that
the program entered the month with diversified directional positions
reflecting prior price trends; that several macro-sensitive markets then
reversed sharply following a policy event; that the resulting losses were
concentrated in those reversals rather than in a failure to execute or-
ders; and that realized trading costs remained within the expected
range. This is more useful than stating simply that “market volatility
was challenging.”

The commentary should also disclose what it does not establish. One
difficult month does not prove that the model has failed. One favorable
month does not validate a recent modification. Reporting should resist
causal claims that exceed the available evidence. In particular, market
commentary should not imply that the CTA predicted events merely
because the program profited from price moves after they occurred.

A consistent attribution framework helps constrain storytelling. As
discussed earlier, performance attribution separates contributions in
a defined and repeatable manner. The reporting process should use
those same calculations each month, including during adverse periods.
Changing the attribution lens only when it produces a more favorable
explanation undermines comparability.

7.2.5 Risk Reporting Should Describe Both Level
and Change

Risk reports should answer two distinct questions: how much risk is be-
ing taken now, and how that risk has changed. A single end-of-month

exposure snapshot can conceal a large intra-month change in position-
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ing or volatility. Conversely, a report that shows only daily fluctuations
may obscure the strategic stability of the program.

The most useful risk measures are those linked to the program’s oper-
ating decisions. For a systematic CTA, these commonly include:

« forecast and realized portfolio volatility;

« risk utilization relative to the approved volatility target or risk
budget;

« risk contribution by asset class, sector, and individual market;

« concentration measures, including the largest individual and cor-
related risk clusters;

« liquidity and capacity indicators, such as estimated participation
rates or days required to reduce positions under stressed assump-
tions;

« margin use and available liquidity;

» stress-test results using historically relevant and hypothetical
market shocks; and

» drawdown magnitude, duration, and recovery status.

The report should explain the difference between forecast and realized
risk. Forecast risk is the model’s estimate based on current positions
and an assumed covariance structure. Realized risk is what occurred
over a completed period. They will differ, sometimes substantially, be-
cause correlations and volatility change, prices gap, and the portfolio
isrebalanced through time. A divergence is not automatically a control
failure, but a persistent or extreme divergence deserves investigation
and communication to the relevant oversight audience.

Drawdown reporting deserves particular care. Investors need con-
text, not reassurance unsupported by evidence. A drawdown update
should state the current peak-to-trough loss, its duration, the princi-
pal sources of loss, changes in risk exposure during the period, and
whether the program remains within its intended operating range. It
should avoid implying that recovery is imminent or that the present
drawdown is necessarily comparable to prior episodes.
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A pre-established drawdown communication protocol is preferable to
improvisation. For example, the CTA may specify that a defined draw-
down threshold triggers a risk-committee review, an investor update
on portfolio behavior and risk use, and an assessment of whether any
model or operational issue is present. The protocol should not require
the CTA to defend every loss; it should require timely, factual commu-
nication when the investor’s experience has become materially differ-
ent from normal expectations.

7.2.6 Implementation Reporting Closes the Gap
Between Model and Investor Experience

A backtest and a model portfolio describe intended economic behav-
ior. Investors receive the return after execution, financing, fees, trad-
ing costs, account restrictions, or operational events. Reporting must
therefore include implementation outcomes, not just model-level per-
formance.

The central reconciliation is between the target portfolio and the imple-
mented portfolio. Differences may arise for legitimate reasons: market
closures, contract limits, liquidity constraints, account-specific restric-
tions, delayed allocations, exchange disruptions, or pre-trade controls.
But the differences should be measured, explained, and reviewed. Oth-
erwise, a CTA may believe it is operating one strategy while investors
receive another.

Useful implementation measures include:

« estimated execution shortfall relative to an independently de-
fined benchmark;

« spread, commission, exchange, and financing costs where appli-
cable;

« turnover by sector and by market;

« the share of orders delayed, rejected, partially filled, or manually
handled;

« differences between desired and actual positions;
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« the time required to complete rebalancing activity;
« contract-roll implementation results; and

« the effect of account-specific constraints on realized returns and
risk.

These measures should not be used to create false precision. Execu-
tion shortfall is an estimate and depends on the selected benchmark,
timestamp, and treatment of market impact. The report should state
the methodology consistently and identify material limitations. A sta-
ble, imperfect measure is generally more useful than a sophisticated
measure that changes its definition from one quarter to the next.

Implementation reporting is especially important when capacity grows.
A strategy may retain attractive gross signal properties while net in-
vestor outcomes deteriorate because position sizes consume a larger
share of market liquidity or because the program must trade over
longer windows. Reporting should allow management and investors
to distinguish deterioration in the economic opportunity from deterio-
ration caused by the way the opportunity is being implemented.

7.2.7 Material Changes Require Controlled Com-
munication

The governance process described in the prior section should feed di-
rectly into stakeholder communication. A model change becomes an
investor-communication question when it could reasonably alter the
program’s expected risk, return profile, liquidity characteristics, instru-
ment universe, fees, conflicts, or stated methodology.

The appropriate communication depends on the materiality of the
change and on the governing documents. A minor technology refac-
toring that produces identical outputs may require no investor notice
beyond internal records. A revised risk target, expansion into a new
asset class, material change in execution approach, or alteration of the
trend methodology may require updated disclosure materials, investor
notification, or both. Compliance review should determine the appli-
cable obligation before the changed program is presented or offered.

The communication itself should answer four practical questions:
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+ 1. What changed?
« 2. Why was the change made?

« 3. When did it become effective?

4. What is the expected effect on the program’s risk, implemen-
tation, or investor experience?

The explanation should not overstate expected benefits. It is appropri-
ate to say that a change is intended to improve resilience, reduce op-
erational dependence, or broaden diversification. It is not appropriate
to present an expected improvement as a realized fact before sufficient
live evidence exists.

A maintained change log is valuable even when it is not distributed
in full to every investor. It provides a controlled source for due-
diligence responses, annual reviews, disclosure updates, and retro-
spective analysis. The log should identify the effective date, approval
reference, change classification, affected components, and investor-
communication decision.

7.2.8 External Communications Are Controlled
Outputs

Investor letters, marketing decks, due-diligence questionnaires, web
content, podcasts, and presentations should be treated as controlled
outputs of the CTA rather than as informal business-development ma-
terials. NFA rules constrain how past and hypothetical performance
may be presented. Hypothetical performance requires specific dis-
claimers, and the CTA must be able to substantiate the validity of the
results to NFA. Certain audio and video promotional materials require
NFA pre-review or approval before first use.

The operational implication is clear: performance communication re-
quires a release process similar in spirit to a model release process. The
firm should know which data source generated the reported figures,
who checked them, which disclosure language applied, who approved
the final version, and when it was distributed.
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A practical communications-control checklist can include the following
items:

Table 7.3: Communications-control checklist for external performance
materials

Control question Required evidence or action

What is the source of each performance figure? ~ Link the figure to a controlled accounting,
administrator, or approved performance-
calculation source.

Is the return gross or net of fees? Label the fee basis prominently and ensure
that the stated fee treatment matches the cal-
culation.

Is the result actual, simulated, model-based, Apply clear labeling and all required disclo-

or blended? sures; do not present simulated history in a
format likely to be mistaken for live investor
experience.

Ts a benchmark cited? State its methodology, return convention, re-
balancing approach, and limitations as a com-
parator.

Are risk statistics calculated consistently? Confirm the sample period, frequency, annu-

alization convention, treatment of cash flows,
and calculation methodology.
Does the material describe the current pro- Compare statements against the approved

gram accurately? methodology, instrument universe, fee terms,
and current disclosure materials.

Has compliance approved the final version? Retain the approval timestamp, reviewer iden-
tity, final document version, and distribution
record.

A disciplined approval process protects the firm as well as the investor.
It reduces the risk that client-facing personnel accidentally use stale re-
turns, omit required distinctions between gross and net performance,
describe an unapproved enhancement as live, or make causal claims
that cannot be substantiated.

7.2.9 Transparent Communication Is a Form of
Risk Control

Reporting cannot eliminate market risk, but it can reduce governance
and relationship risk. Clear reporting helps investors understand
whether a disappointing period reflects the known behavior of a trend-
following program, a capacity issue, an implementation problem, or
a material departure from mandate. It also gives the CTA an early-
warning mechanism: questions from informed investors often reveal
where internal definitions are unclear or where communication has
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drifted from the actual process.

The test of a reporting framework is not whether it makes every month
appear favorable. The test is whether it remains accurate, compara-
ble, and intelligible when returns are poor, exposures are changing
quickly, or operational events require explanation. A CTA earns cred-
ibility when the same reporting discipline applies in favorable and ad-
verse periods.

In this sense, stakeholder communication completes the governance
loop. The firm first controls how models are changed and operated;
it then communicates, in a measured and verifiable way, what those
controlled processes produced for investors.

7.3 Fees, Benchmarking, and Net
Outcome Evaluation

The economic result of a CTA program is not its gross backtest return,
its gross trading return, or even its pre-fee live return. It is the return
that remains after the investor has paid the costs required to access
the strategy and after that return has been judged against a relevant
alternative.

This distinction is particularly important for managed futures. Trend-
following programs often trade diversified futures portfolios, rebal-
ance as volatility changes, and experience periods of elevated turnover
during market reversals. A gross return that appears attractive in re-
search may produce a modest investor outcome once trading costs, fi-
nancing effects, management fees, incentive fees, and account-specific
frictions are included. Conversely, a program with an unremarkable
standalone return may be valuable to an investor if it diversifies a
broader portfolio, improves drawdown resilience, or provides convex
behavior during stress.

The proper evaluation question is therefore not simply, “Did the CTA
make money?” It is:

Did the investor receive a net outcome that was competitive with the
relevant alternatives and useful within the investor’s overall portfolio?
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Answering that question requires clear fee mechanics, a disciplined
benchmark policy, and an evaluation process that distinguishes gross
strategy behavior from the investor’s realized experience.

7.3.1 From Gross Trading Return to Investor Re-
turn

As discussed earlier, the program’s return layers should be kept dis-
tinct. This discipline becomes especially important when performance
is reported to investors, consultants, and internal decision makers.

A simplified return bridge can be written as

net ~_ gross trade other management incentive
Ry = Ry -Gy -G - F - F )

where:

« RJ"* is the return generated by the portfolio before implemen-
tation costs and fees;

« C!rade includes commissions, exchange and clearing fees, bid—
ask spread, market impact, and other trading costs;

« C¢ther includes applicable financing, custody, administration, le-
gal, audit, or account-level costs, depending on the vehicle and
reporting convention;

management :
. Ft 9

is the management fee accrued over the period; and

o Fjneentive jg the incentive fee, if any, calculated according to the
governing legal documents.

The expression is deliberately simplified. In practice, fee calcula-
tions can depend on timing, subscriptions and redemptions, fee series,
equalization methods, hurdle rates, high-water marks, loss carryfor-
wards, and crystallization dates. Nevertheless, the bridge captures the
core economic sequence: gross opportunity becomes an investor result
only after the costs of implementation and access are paid.
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The ordering matters. Trading costs are incurred in generating the re-
turn; management and incentive fees are charged for access to the man-
aged program. A CTA should not obscure this distinction by presenting
a single unexplained “net” number. Investors need to know whether a
reduction from gross to net performance reflects high turnover, rising
market impact, contractual fees, account-specific restrictions, or some
combination of these factors.

7.3.2 Management Fees and the Cost of Continu-
ous Access

A management fee is generally charged as a percentage of assets under
management or net asset value. Its economic role is to support the con-
tinuing operation of the investment organization: research, technol-
ogy, execution infrastructure, risk oversight, operations, compliance,
and client service.

If the annual management-fee rate is m, then a simple monthly accrual
on beginning-period assets can be approximated as

Fmanagement ~ ﬁ % NAV;,L
¢ 12

Actual calculations may use daily accruals, average assets, end-of-
period assets, or other conventions specified in the governing docu-
ments. The CTA should disclose the applicable methodology rather
than assuming that investors will infer it from the headline rate.

The management fee has a different effect across return environments.
It is payable even when the program has a negative gross return, unless
contractual arrangements provide otherwise. This is not inherently in-
appropriate: the program still requires operational resources during
difficult periods. But it means that a low-return or low-volatility strat-
egy must have enough expected gross value to cover both implementa-
tion costs and the management fee.

For illustration, consider two programs with identical expected gross
returns of 8% per year. Program A has low turnover and estimated an-
nual trading costs of 1%. Program B trades more actively and incurs es-
timated annual trading costs of 3%. If both charge a 1.5% management
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fee before incentive fees, their approximate pre-incentive investor out-
comes differ materially:

Rireiincentive _ 8% _ 1% _ 1'5% — 5.5%’
RI;e-meentive — 896 — 3% — 1.5% = 3.5%.

The two programs may look similar in a gross research comparison,
but they are not similar investments after implementation and com-
mercial terms. This is why a CTA should monitor fee drag jointly
with turnover and trading costs rather than treating fees as a separate
investor-relations topic.

7.3.3 Incentive Fees, High-Water Marks, and
Path Dependence

An incentive fee aligns a portion of the manager’s compensation with
positive performance. Its economic effect depends less on the headline
percentage than on the rules governing when performance is eligible
for a fee.

Let p denote the incentive-fee rate and let H, denote the applicable
high-water mark. In a simplified setting, the fee base at a crystalliza-
tion date is

B, = max (O,NAthm*fee — Hy ),

and the incentive fee is

incentive __
Ft = th .

Afterthe feeis charged, the updated high-water mark is generally based
on the investor’s post-fee net asset value, subject to the specific fund
or account terms.

The high-water mark prevents the manager from charging an incentive
fee merely because the program recovered prior losses. Suppose an
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investor begins with a net asset value of 100, loses 10%, and then gains
10%. The gain does not restore the original value:

100 x (1 — 0.10) x (1 4 0.10) = 99.

A proper high-water mark would ordinarily prevent an incentive fee on
that recovery because the investor has not yet returned to the previous
peak. Without this protection, an investor could pay performance fees
on gains while still being below the initial capital value.

The practical implications are more complex when investors subscribe
on different dates. A pooled vehicle may use series accounting, equal-
ization credits, or another method to ensure that each investor pays
an incentive fee only on gains earned on that investor’s capital. The
particular accounting mechanism is less important than the economic
principle: the fee calculation should be fair across investors and capa-
ble of independent verification.

The CTA should communicate several features clearly:

« the incentive-fee rate;

the crystallization frequency, such as monthly, quarterly, or an-
nually;

« whether a high-water mark, loss carryforward, hurdle, or pre-
ferred return applies;

« the treatment of subscriptions, redemptions, and partial-period
investors;

whether the reported return is before or after accrued incentive
fees; and

whether the fee terms differ across share classes, managed ac-
counts, seed investors, or other arrangements.

These details affect the investor’s realized return path. Two investors
in the same strategy can have different net outcomes if they enter at
different times, pay different fee schedules, or hold different vehicles
with different expense structures.
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7.3.4 Fee Drag Is State Dependent

Fee drag is not a fixed subtraction from gross returns. It depends on
the interaction among performance, volatility, turnover, assets under
management, and the fee contract.

In a strong, persistent trend environment, a CTA may generate high
gross returns with moderate turnover. Trading costs may remain man-
ageable, but incentive fees may be substantial because the program
repeatedly reaches new high-water marks. In a choppy environment,
gross returns may be modest or negative while turnover rises because
signals reverse more frequently. In that case, trading costs and man-
agement fees may reduce net returns even though no incentive fee is
charged.

This difference matters when assessing a strategy’s sustainability. A
high gross Sharpe ratio produced by frequent trading may not trans-
late into an attractive net Sharpe ratio after realistic costs. Similarly, a
program with strong crisis-period gains may appear especially attrac-
tive before fees, but investors should evaluate the full fee path across
ordinary and adverse markets rather than focusing only on exceptional
periods.

A sound internal review separates at least four questions:

1. Isthe signal economically valuable before implementation costs?

2. Does the implementation process preserve enough of that value
after trading costs?

3. Do the commercial terms leave a satisfactory share of the remain-
ing value with the investor?

4. Does the resulting net return justify the risk and diversification
role that the investor expects the program to play?

A negative answer to any one question can weaken the investor case
even if the research result remains statistically attractive.
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7.3.5 Benchmarking Is a Policy Decision, Not a
Marketing Choice

A benchmark is useful only if it represents a meaningful alternative or
reference point for the investor. Selecting a benchmark after perfor-
mance is known creates the same problem as selecting favorable back-
test windows: the comparison becomes descriptive marketing rather
than disciplined evaluation.

The CTA should therefore adopt a written benchmark policy before re-
lying on a comparison in investor reporting. The policy should identify
the primary benchmark, any secondary reference measures, the ratio-
nale for each, the data source, the return convention, and the circum-
stances under which the benchmark may be changed.

For a diversified trend-following CTA, a benchmark policy may use
more than one reference point:

« a primary peer benchmark, such as a diversified CTA index,
to provide context for the broad managed-futures industry;

« a strategy benchmark, such as a transparent trend-following
index or indicator, to compare the program with the return pat-
tern most closely related to its stated mandate;

+ a cash-plus-risk-budget reference, which asks whether the
CTA delivered a sufficient return above cash for the volatility and
liquidity risk assumed; and

+ an investor-portfolio reference, such as the effect of the CTA
allocation on the investor’s total portfolio drawdown, volatility,
or diversification.

No single benchmark answers every question. A broad CTA index
may be useful for peer context but may include discretionary macro,
relative-value, option-based, or other strategies that have different re-
turn drivers from a systematic trend program. A trend index may be
a closer expression of the intended strategy style but may not be in-
vestable after fees and trading costs. Cash is investable and transparent
but does not represent the risk profile of a diversified futures program.
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The correct response to this limitation is not to select whichever bench-
mark produces the most favorable comparison. It is to disclose what
each comparison can and cannot establish.

7.3.6 Index Construction Can Change the Mean-
ing of the Comparison

CTA index comparisons require particular caution because index
methodologies differ materially. The Barclay CTA Index, for example,
is described as equally weighted and rebalanced annually. An
equal-weighted index can provide a broad view of the average
reported manager experience, but it may not resemble the experience
of an asset-weighted investor allocation. A small manager and a
very large manager receive the same index weight even though
their capacity, trading costs, fee terms, and asset bases may differ
substantially.

Index construction also affects survivorship, constituent eligibility, re-
balancing, reporting lags, currency treatment, and the handling of dis-
continued programs. A benchmark return should therefore never be
presented as a neutral fact without methodology context.

The CTA should maintain an internal benchmark factsheet for each
benchmark used in reporting. The factsheet should include:

» benchmark provider and official name;

« stated investment universe and eligibility criteria;

weighting method and rebalancing schedule;

» return type, currency, and fee treatment where known;

publication lag and availability date;

« known limitations regarding investability, capacity, or survivor-
ship;

methodology version or effective date; and

« history of material methodology or constituent-rule changes.
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This discipline protects against misleading comparisons caused by
methodology drift. A benchmark may retain the same name while
changing its universe, weighting, calculation rules, or treatment of con-
stituent funds. Without a change log, a long historical comparison can
blend economically different benchmark regimes and give a false im-
pression of continuity.

The same issue applies to proprietary trend indicators. If the bench-
mark provider changes signal horizons, volatility scaling, market cov-
erage, transaction-cost assumptions, or rebalancing rules, then pre-
change and post-change returns may not represent a single stable ref-
erence strategy. The CTA should document these changes and explain
their relevance when reporting long-run relative performance.

7.3.7 Evaluate Relative Returns at Comparable
Risk

A CTA should not claim superiority merely because its absolute return
exceeded a benchmark’s return over a selected period. The comparison
must account for risk, leverage, liquidity, and strategy mandate.

Suppose Program A returns 9% with realized volatility of 9%, while
Benchmark B returns 7% with realized volatility of 5%. Program A gen-
erated the higher absolute return, but it may not have delivered a supe-
rior result on a risk-adjusted basis. If the investor can scale Benchmark
B, subject to realistic constraints, the comparison changes further.

A simple volatility-adjusted comparison rescales a benchmark return
by the ratio of the program’s target volatility to the benchmark’s real-
ized or target volatility:

target

Rscaled_benchmark _ Rbenchm,ark % JorA
t o reference
benchmark

where the volatility estimates and sampling periods must be stated
clearly.

This calculation is informative but not definitive. Volatility scaling can-
not transform a benchmark into an identical investment. It does not
reproduce the CTA’s liquidity profile, tail behavior, margin usage, di-
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versification, or execution costs. It is best treated as one lens among
several, not as proof of economic equivalence.

Risk-adjusted comparison should also consider drawdowns and corre-
lation. A CTA that earns a slightly lower standalone return than a peer
index may still be attractive if its losses occur in different periods, if it
remains liquid during broader portfolio stress, or if it provides a more
stable risk contribution. The relevant question is often not whether
the CTA beat the benchmark every month, but whether it improved
the investor’s opportunity set over the full evaluation horizon.

7.3.8 The Investor’s Utility May Differ from the
CTA’s Standalone Scorecard

A CTA manager naturally focuses on the program’s own return, volatil-
ity, drawdown, and peer ranking. An allocator, however, evaluates the
program as one component of a larger portfolio. The allocator may
value the CTA for diversification against equities, bonds, credit, pri-
vate assets, or a portable-alpha overlay. In that setting, the appropriate
measure of success includes the CTA’s interaction with existing hold-
ings.

For an investor with portfolio return R” and a CTA allocation return
RCETA the key issue is not simply the expected value of R“74, It is how
the CTA changes the distribution of R”. A program may improve the
investor’s outcome by reducing portfolio drawdowns, lowering correla-
tion during stress, or adding return sources that are not dependent on
long equity or duration exposure.

This does not mean that a CTA can excuse weak net returns by claiming
diversification value. Diversification has value only if it is persistent,
measurable, and relevant to the investor’s actual exposures. A program
with negative expected net return is difficult to justify solely by refer-
ence to low correlation. But it does mean that a narrow comparison
with a broad CTA index can be incomplete.

The CTA should therefore distinguish among three evaluation lenses:

1. standalone outcome: net return, volatility, drawdown, and
implementation quality for the CTA itself;
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2. peer-relative outcome: performance relative to relevant CTA
and trend-following benchmarks, with methodology limitations
disclosed; and

3. portfolio outcome: the contribution of the CTA to the in-
vestor’s total return, risk, drawdown, and diversification objec-
tives.

These lenses can produce different conclusions without contradiction.
A CTA may lag a broad peer index, meet its own net-return objective,
and still improve an investor’s portfolio. Alternatively, a CTA may out-
perform peers on a gross basis but fail to justify its net fee burden for
a particular investor.

7.3.9 Use Full-Cycle Evaluation Rather Than
Point-in-Time Ranking

Trend-following returns are path dependent. Extended directional
markets can generate strong profits, while reversals and range-bound
periods can create drawdowns and elevated turnover. A fee and bench-
mark evaluation should therefore cover a sufficiently long period to
include multiple market environments.

Short-horizon rankings are especially hazardous when fees are perfor-
mance based. A CTA may appear exceptional after a favorable period
that generated substantial incentive fees, yet the investor’s prospective
expected net return may be lower than the recent realized return sug-
gests. Conversely, a program in a drawdown may have lower prospec-
tive incentive-fee drag because it remains below its high-water mark,
but that fact does not compensate the investor for prior losses.

A full-cycle review should examine:

« gross and net returns across favorable, adverse, and neutral trend
environments;

« trading-cost behavior during normal and stressed liquidity con-
ditions;

« management-fee and incentive-fee effects over the complete re-
turn path;
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« drawdown depth and recovery characteristics after fees;
» benchmark-relative outcomes at comparable risk;

« changes in assets under management, capacity use, and imple-
mentation efficiency; and

« the contribution of the program to a representative investor port-
folio.

The evaluation should also separate live from simulated results. Simu-
lated history can help explain the intended behavior of a strategy, but it
does not establish that the CTA could have implemented the strategy at
the reported scale, cost, and operational reliability. CFA performance
presentation standards emphasize clear disclosure of this distinction
because investors can otherwise mistake a model result for an actual
net experience.

7.3.10 A Net Outcome Review Should Lead to De-
cisions

The purpose of net outcome evaluation is not merely to create a more
detailed performance report. It should inform decisions by the CTA
and by its investors.

For the CTA, recurring review may indicate that a strategy requires
lower turnover, tighter capacity controls, a revised execution approach,
or reconsideration of whether its fee structure remains commercially
defensible. It may also reveal that a benchmark is no longer appropri-
ate because the program’s mandate has changed or because the bench-
mark methodology has drifted.

For an investor, the same review may support maintaining an allo-
cation, changing its size, moving to a lower-cost vehicle, negotiating
account-specific terms, or replacing the program with a more suitable
alternative. These are legitimate outcomes of a transparent process. A
manager should prefer an informed investor whose expectations fit the
program to an investor who entered on the basis of gross, incomplete,
or poorly benchmarked information.
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The central discipline is simple: evaluate the return the investor actu-
ally earns, compare it with alternatives that are genuinely relevant, and
explain the limits of every comparison. Gross strategy quality matters,
but it is only the beginning of the economic story.

7.4 Building the Full Program Architec-
ture

The preceding sections established how a CTA governs changes, com-
municates with stakeholders, and evaluates the investor’s net outcome.
Those disciplines must now be embedded in one operating architecture.
A live CTA is not a collection of separate research, risk, execution, and
reporting tools. It is a connected system in which an error in one layer
can propagate into every other layer.

For example, a stale settlement price can affect a trend estimate, alter
a volatility forecast, change a target position, generate an unnecessary
order, create an unexpected execution cost, and ultimately distort re-
ported performance. The architecture must therefore do more than
move data from one application to another. It must identify where
data originated, which calculations used it, which controls approved
the resulting activity, and how the firm can reconstruct the chain after
the fact.

The system should be designed around a simple operational principle:

Every tradeable decision must be traceable from an
approved model and controlled data input through order
generation, execution, reconciliation, risk measurement,
accounting, and reporting.

This does not require a large firm to build every component internally.
A CTA may use custodians, futures commission merchants, adminis-
trators, cloud providers, market-data vendors, order-management sys-
tems, and specialist cybersecurity providers. It does require the CTA
to understand the interfaces among those providers and to retain re-
sponsibility for the integrity of the end-to-end process.
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7.4.1 Architectural Principles Before Technology
Choices

Technology choices should follow operating requirements, not the
other way around. A vendor platform, cloud environment, or inter-
nally developed application may be appropriate, but no product selec-
tion can substitute for a coherent definition of data ownership, control
points, recovery procedures, and accountability.

Several principles should guide the architecture.
One authoritative record for each economic fact.

The system should identify the authoritative source for market prices,
instrument specifications, model configurations, target positions, exe-
cuted fills, cash balances, and investor net asset values. Multiple copies
may exist for resilience and analytical use, but users must know which
source governs when records differ.

For example, an internal order-management system may be the oper-
ational record of orders submitted, while the futures commission mer-
chant’s record may be the external record of executed fills. A reconcil-
iation process is required because both records are necessary and nei-
ther should simply overwrite the other. The internal record explains
intended trading activity; the broker record confirms what the market
actually executed.

Controlled interfaces rather than informal file movement.

Manual spreadsheets and email attachments can be useful for excep-
tional investigation, but they should not be the normal mechanism for
passing tradeable information between critical systems. Each handoff
should record who or what created the information, when it was cre-
ated, which version was used, and whether validation succeeded.

The relevant question is not whether a file transfer is automated. An
automated transfer can still be dangerous if it accepts incomplete data,
duplicates a prior file, silently changes field definitions, or transmits
values after the intended trading deadline.

Separation of environments.

Research, testing, and production should be logically separated. Re-
searchers need freedom to explore ideas and test variants; production
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systems need stability, restricted access, and repeatable execution. A
research notebook should not be able to send orders to a live broker
connection. Likewise, a production service should not silently adopt a
new research parameter because a shared file was updated.

The complete model version approved through the governance process
should be the only version eligible for production use. The production
environment should consume a controlled release artifact and a con-
trolled configuration, not a mutable research directory.

Controls should be close to the risk they address.

A daily review of positions is not an adequate substitute for a pre-trade
order limit. A post-month-end performance reconciliation is not an ad-
equate substitute for a data-quality check before signals are calculated.
The architecture should place preventive controls before irreversible
actions and detective controls after actions that require confirmation.

Every component needs a failure mode.

A component is not fully designed until the firm knows what happens
when it is unavailable, delayed, corrupted, or inconsistent with another
component. The appropriate response may be to continue using a
validated fallback, pause trading, reduce exposure, or invoke a recov-
ery procedure. What matters is that the response is pre-specified and
tested rather than invented during market stress.

7.4.2 The Data and Reference Layer

The data layer supplies the inputs from which the program derives po-
sitions and reports results. It includes market prices, contract speci-
fications, trading calendars, exchange notices, foreign-exchange rates,
corporate or contract events where relevant, and reference mappings
used to identify tradable futures contracts.

Data architecture is often underestimated because raw market data ap-
pears readily available. The operational problem is not obtaining a
price; it is determining whether a price is complete, timely, econom-
ically valid, and consistent with the convention used by the model.

A production data process should address at least five questions.
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« Completeness: Did the system receive all required market, ref-
erence, and broker files for the valuation or trading cycle?

« Timeliness: Was each input available before the calculation
deadline, and is it current enough for its intended use?

» Validity: Are prices, volumes, contract multipliers, and ex-
change status values within plausible ranges?

« Consistency: Do data fields agree with prior records, alterna-
tive sources, and the approved contract-roll convention?

« Lineage: Can the firm identify the source, timestamp, transfor-
mation, and version of every material input used in a trading de-
cision?

The data layer should distinguish between raw data and approved us-
able data. Raw data are the vendor or broker records as received. Ap-
proved usable data are the records after validation, normalization, and
documented handling of exceptions. Preserving both is important. If a
corrected price later changes a historical return series, the firm must be
able to determine whether the original production process used the un-
corrected value and whether any resulting live positions were affected.

Reference data deserve the same control standard as prices. A changed
futures multiplier, an incorrect first-notice date, or an outdated trad-
ing calendar can have greater economic effect than a small price error.
Instrument eligibility should therefore be maintained through a con-
trolled master file containing market identifiers, exchange, currency,
contract size, tick value, trading hours, roll rules, liquidity status, and
any program-specific restrictions.

7.4.3 Decision Services: From Approved Inputs
to Target Positions

Once inputs are approved, the decision layer converts them into target
positions. This layer contains the production implementation of the
signal, volatility, sizing, and portfolio-aggregation methods developed
earlier in the book. The architectural issue is not how to formulate
those methods, but how to ensure that they run exactly as approved.
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The calculation process should preserve a dated decision record con-
taining;:

« the complete model version and configuration identifier;
« the input-data snapshot and timestamps;

« the resulting signals and intermediate risk estimates;

« the target position for each market;

+ the portfolio-level risk and constraint results;

« the identity of any constraints that bound or altered a position;
and

« the release status of the order instructions.

This record allows the firm to distinguish among several otherwise sim-
ilar outcomes. A position may differ from the prior day because the
signal changed, because volatility rose, because a portfolio constraint
became binding, because a market was suspended, or because an im-
plementation exception was imposed. These causes should not be in-
ferred later from memory. They should be stored as part of the decision
itself.

The decision layer should include deterministic rerun capability. Given
the same approved model version, data snapshot, and configuration,
it should produce the same target positions. Deterministic behavior
does not mean that every production result will remain unchanged over
time; current inputs should naturally generate new positions. It means
that the firm can reproduce a historical decision without relying on un-
documented manual steps or a no-longer-available software environ-
ment.

7.4.4 Pre-Trade Controls Convert Targets into
Permissible Orders

A target position is an investment instruction, not an executable order.
Before any order reaches the market, the architecture must compare
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the intended trade with actual positions, outstanding orders, account
restrictions, and risk limits.

The pre-trade control layer should normally check:

that the instrument is eligible for the account and currently trade-
able;

that the proposed order moves the account toward an approved
target;

that cumulative executed and outstanding orders will not breach
position, notional, risk, concentration, or margin limits;

that the order quantity is consistent with contract specifications
and exchange minimum increments;

that price, order type, and trading window comply with execution
policy;

that market status, liquidity conditions, and exchange restric-
tions permit trading;

that duplicate orders are not being generated after a restart or
communication failure; and

that required approvals are present for manual orders, overrides,
or exception trades.

These controls should operate on both proposed and outstanding activ-
ity. A common operational failure occurs when a system checks each
individual order but does not aggregate an order with unfilled instruc-
tions already resting at the broker. The result can be an unintended ex-
posure increase even though each order passed its isolated limit check.

Controls should also be account aware. A pooled vehicle, a managed
account, and a proprietary account may share the same strategy sig-
nal but have different cash levels, mandate restrictions, tax consid-
erations, or contract eligibility. The architecture should ensure that
account-specific constraints are applied before orders are released, not
corrected later through manual allocations.
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7.4.5 Execution, Trade Capture, and Reconcilia-
tion

The execution layer is where model intent encounters market reality. It
includes the order-management system, broker and futures commis-
sion merchant connections, execution algorithms or manual trading
procedures, order acknowledgements, fills, allocations, cancellations,
and trade confirmations.

Execution systems should capture a complete order lifecycle. For each
instruction, the firm should be able to retrieve the target position that
motivated the order, the order creation time, approval status, routing
destination, modifications, partial fills, cancellations, and final execu-
tion outcome. This is necessary for both operational control and mean-
ingful analysis of implementation shortfall.

The architecture should support independent reconciliation at more
than one level:

« trade reconciliation: internal fills agree with broker and clear-
ing records;

« position reconciliation: internal positions agree with the cus-
todian, broker, or futures commission merchant;

« cash and margin reconciliation: internal cash, variation
margin, collateral, and financing records agree with external
statements;

 valuation reconciliation: internal prices and contract values
agree with approved pricing sources or documented valuation
policies; and

« performance reconciliation: return calculations reconcile
with positions, cash flows, fees, and independently maintained
accounting records.

Reconciliation should be exception based but never exception blind. A
break may be economically immaterial, such as a rounding difference
in a fee accrual, or critical, such as an unrecorded fill in a liquid fu-
tures contract. The architecture should classify breaks by severity, as-
sign them to named owners, impose resolution deadlines, and escalate
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unresolved items. A break that persists overnight without review can
become a trading-risk problem the next morning.

Independent pricing and valuation controls are particularly important
because performance, fees, risk measures, and investor reporting all
depend on them. The valuation process should not simply accept the
same unverified price feed used for signal generation. The exact degree
of independence will vary with firm size and market complexity, but the
control objective is stable: pricing should be sufficiently reliable that it
can detect material errors rather than repeat them.

7.4.6 Post-Trade Risk, Performance, and the Per-
manent Record

After execution, the architecture must determine the portfolio that the
investor actually owns. Post-trade risk should use reconciled or clearly
labelled provisional positions, not merely the target portfolio. It should
assess realized exposures, concentration, margin, liquidity, and limit
use, then compare them with the intended risk profile.

The performance and reporting layer should draw from controlled po-
sition, valuation, cash-flow, and fee records. It should not recalculate a
return from an informal copy of trading data created for research con-
venience. The same controlled record should support investor reports,
management dashboards, financial statements, tax records where ap-
plicable, and responses to operational due diligence.

Recordkeeping obligations under CFTC and NFA requirements imply
that the architecture must retain and retrieve trading records, agree-
ments, written procedures, and evidence of controls. Retention is not
merely archival storage. Records must be organized so that the CTA
can inspect a historical period and reconstruct what happened without
relying on the memory of the original operator.

The permanent record should include, at a minimum:

« received market and reference-data files and their validation sta-
tus;

« approved model and configuration versions;
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« target positions, risk estimates, and constraint outcomes;
« orders, fills, allocations, confirmations, and cancellations;

 reconciliations,  valuation records, and performance
calculations;

« alerts, overrides, exception tickets, and incident records;

« approvals for material changes and external communications;
and

+ the procedures in force at the relevant time.

The requirement to retain procedures is easily overlooked. An order
record explains what was done; the procedure explains what should
have been done. Both are necessary to assess whether a control oper-
ated properly.

7.4.7 Control Planes: Access, Security, and
Change Management

The architecture includes a control plane that operates across all func-
tional layers. It governs who can access systems, change configura-
tions, approve releases, view sensitive information, and invoke recov-
ery actions.

Access should follow the principle of least privilege. A researcher may
need access to historical data and a non-production computing envi-
ronment but should not have unrestricted authority to alter live trading
parameters. An operations user may need to resolve a reconciliation
break but should not be able to modify the research methodology. Priv-
ileged access should be time-limited where practical, logged, reviewed,
and removed promptly when responsibilities change.

NFA interpretive guidance requires members to adopt an informa-
tion systems security program appropriate to their circumstances and
to notify NFA of certain cybersecurity incidents. For a CTA, this
means security is part of the operating mandate rather than a sepa-
rate information-technology concern. The security program should
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address, among other matters, identity management, multi-factor au-
thentication where appropriate, secure handling of credentials, net-
work and endpoint protection, vulnerability management, backup in-
tegrity, vendor access, incident response, and staff awareness.

Change management is also a cross-cutting control. A change to a
cloud configuration can affect data availability; a change to a broker
interface can affect order routing; a change to a report-calculation pro-
cess can affect investor communications. The approval path should re-
flect the economic and operational impact of the change, as established
in the research-to-production governance process.

7.4.8 Third-Party Dependencies Are Part of the
Architecture

Outsourcing a function does not outsource accountability. A CTA

should maintain a current inventory of critical vendors and map each

vendor to the business processes it supports. Typical dependencies in-

clude market-data suppliers, cloud hosts, managed-service providers,

brokers, futures commission merchants, fund administrators, custodi-
ans, cybersecurity providers, and communications platforms.

For each critical vendor, the CTA should identify:
« the process supported and the data exchanged;
« the operational impact of vendor delay, error, or outage;
« the service-level expectations and escalation contacts;
« available backup providers or manual fallback procedures;

« the vendor’s relevant control evidence, including SOC reports
where applicable;

« access rights and information-security obligations; and

« the process for reviewing material changes to the vendor’s ser-
vice.
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AICPA SOC reports and the Trust Services Criteria offer a useful frame-
work for evaluating controls over security, availability, processing in-
tegrity, confidentiality, and privacy. A SOC report is not a substitute
for vendor oversight. It may not cover every service used by the CTA,
every relevant period, or every control needed for the specific integra-
tion. It is, however, valuable evidence when mapped to the actual risks
of the program.

For example, a cloud provider’s availability controls are relevant to the
risk that the signal-calculation environment cannot run before a trad-
ing deadline. A fund administrator’s processing-integrity controls are
relevant to valuation and investor-accounting risk. A managed-service
provider’s access controls are relevant to the risk of unauthorized mod-
ification of production systems. The CTA should document these link-
ages rather than collecting reports without assessing their relevance.

7.4.9 Business Continuity and Disaster Recovery
Must Be Testable

NFA requires CTA Members to maintain a written business continuity
and disaster recovery plan. A plan is credible only if it identifies crit-
ical processes, named decision makers, recovery priorities, alternate
communication channels, and tested recovery procedures.

Business continuity asks how the firm continues essential operations
during disruption. Disaster recovery asks how systems and data are
restored after a technology failure. The distinction matters. A CTA
may be able to continue monitoring positions manually during a cloud
outage, yet still require a separate procedure to restore the production
environment from protected backups.

Recovery planning should define two practical measures:

+ Recovery time objective (RTO): the maximum tolerable
time before a critical service must be restored; and

« Recovery point objective (RPQO): the maximum tolerable
amount of data loss, measured by the time between the last re-

coverable record and the disruption.
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For example, the order-routing and position-reconciliation functions
may require a short RTO during active market hours, while a historical-
research environment may tolerate a longer restoration period. The
decision record for a completed trading day may require a near-zero
RPO because losing it would impair auditability, whereas an interme-
diate analytical cache may be reconstructible from source data.

Tests should include combined market and operational stress. A recov-
ery exercise conducted during a quiet weekend may verify that backups
can be restored, but it does not demonstrate that the team can manage
a broker outage while markets are moving quickly. Useful scenarios in-
clude an exchange outage, a broker connection failure, delayed market
data, cloud-region disruption, loss of a key staff member, ransomware
containment, and simultaneous liquidity stress across multiple futures
markets.

Each test should produce evidence: the scenario, participants, deci-
sions, time taken, observed failures, and remediation actions. Unre-
solved findings should enter the same exception-management process
used for other material operational risks.

7.4.10 Latency, Cut-Off Times, and the Eco-
nomics of Timeliness

In a daily or slower trend-following program, the architecture does not
need the latency profile of a high-frequency system. It does, however,
need explicit timing discipline. A signal is only meaningful if its data
timestamp, calculation time, order-release time, and execution win-
dow are economically coherent.

The firm should define daily operating cut-off times for:

» receipt and validation of market data;

« calculation of signals and target positions;
« completion of pre-trade checks;

« release of orders to execution systems;

« collection of broker fills and confirmations;
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« position and cash reconciliation; and

« production of risk and exception reports.

A missed cut-off should generate a defined response. Depending on
the cause and the strategy mandate, the response might be to trade
later using validated data, use a pre-approved fallback source, defer
the rebalance, or halt new trading in the affected markets. The cor-
rect action cannot be determined solely by technology; it requires an
operating policy that balances timeliness against the risk of acting on
uncertain information.

7.4.11 Architecture Review Is a Continuing Disci-
pline

The full program architecture should be reviewed whenever there is a
material model change, major vendor transition, significant growth in
assets, new market entry, recurring operational exception, or cyberse-
curity event. It should also receive periodic review even when no ob-
vious event has occurred. Systems often become fragile through accu-
mulation: a temporary workaround becomes permanent, an interface
becomes dependent on an undocumented file, or a manual control is
retained long after the person who understood it has left.

A practical architecture review asks:

+ Can the firm identify the approved model, data, and controls be-
hind every live position?

« Can it stop unintended trading quickly while preserving the abil-
ity to reduce risk?

« Do broker records, internal records, valuations, and investor re-
porting reconcile?

« Are critical vendors, access rights, and fallback procedures cur-
rent?

« Can essential functions recover within their defined RTO and
RPO?
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+ Do current procedures match actual operating practice?

The answer to these questions determines whether the CTA is oper-
ating a durable program or merely running a collection of individually
reasonable tools. A sound trend model, robust sizing method, and care-
ful execution policy create value only when the surrounding architec-
ture allows them to operate reliably, visibly, and recoverably.

7.5 From Strategy Logic to Durable Edge

A strong backtest is evidence of a possible opportunity. A durable
CTA franchise is evidence that an organization can identify, implement,
measure, and preserve that opportunity through changing markets,
changing technology, changing personnel, and changing investor ex-
pectations.

The distinction is fundamental. A backtest is conducted in a controlled
historical environment. The researcher chooses the data treatment,
instrument history, signal specification, transaction-cost assumptions,
and evaluation horizon. A live CTA operates in an environment that
does not wait for the model to be ready. Markets close unexpectedly,
liquidity disappears, brokers alter procedures, data vendors correct
records, correlations change, and investors judge the program during
the periods when its behavior is least comfortable.

The transition from strategy logic to durable edge therefore requires
more than a correct forecast rule. It requires a repeatable institutional
process that protects the economic logic from the many ways it can be
diluted, distorted, or abandoned.

Durable edge is the net economic value that remains after uncer-
tainty, implementation friction, human behavior, and organizational
change have had an opportunity to erode the original research result.

This definition is deliberately demanding. It does not reward a model
merely for appearing attractive under favorable assumptions. It re-
wards a program for continuing to function when the assumptions are
imperfect, when performance is disappointing, and when the people
who originally built the system are no longer the only people responsi-
ble for it.
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7.5.1 The Edge Must Survive More Than One
Form of Uncertainty

Trend-following programs face several distinct forms of uncertainty.
These should not be collapsed into a single notion of “model risk.”

« Economic uncertainty: Trends may be weaker, shorter, more
correlated, or more prone to reversal than historical experience
suggests.

« Statistical uncertainty: An apparently attractive result may
be partly or entirely attributable to data mining, parameter selec-
tion, or a favorable sample.

+ Implementation uncertainty: Execution costs, market im-
pact, contract rolls, delays, account restrictions, and financing
effects may differ from model assumptions.

« Operational uncertainty: Data failures, system outages, rec-
onciliation breaks, cyber events, and vendor disruptions can alter
or interrupt trading.

« Organizational uncertainty: Personnel turnover, commer-
cial pressure, weak documentation, and unclear authority can
cause a program to drift away from its approved process.

A durable program does not eliminate these uncertainties. That is im-
possible. Instead, it prevents any one uncertainty from becoming large
enough to destroy the economic value of the strategy or the investor’s
trust in the manager.

This is why a simple, robust trend model can be more valuable than a
more elaborate model with a higher historical Sharpe ratio. The sim-
pler model may be easier to validate, explain, execute, monitor, and
maintain. It may have fewer parameter choices, fewer hidden depen-
dencies, and fewer opportunities for a small implementation error to
create a large unintended position. Rigorous simplicity is not an aver-
sion to sophistication; it is a preference for complexity that earns its
operational cost.
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7.5.2 Robustness Is the First Test of a Real Edge

An economic edge should not depend on one exact parameter, one fa-
vorable data source, one exceptional decade, or one narrow group of
markets. If changing a trend horizon from one nearby value to another
causes performance to collapse, the apparent result may be an artifact
of calibration rather than a stable feature of market behavior.

Robustness should be considered across several dimensions.

Parameter robustness. A trend process should remain econom-
ically coherent when reasonable changes are made to lookback win-
dows, volatility estimates, rebalance schedules, and portfolio con-
straints. The aim is not to find a parameter set that performs best in
every sample. It is to avoid a strategy whose viability depends on a
precise choice that could not have been known in advance.

Market robustness. The program should be assessed across equi-
ties, fixed income, commodities, and currencies in a manner consis-
tent with the stated mandate. An edge that is concentrated in one sec-
tor may still be useful, but it should be described honestly as sector-
dependent rather than as a diversified managed-futures result.

Time-period robustness. A credible strategy should be evaluated
through varied environments: inflation shocks, disinflation, financial
crises, range-bound periods, rapid policy shifts, commodity supply
shocks, and changes in market microstructure. No historical sam-
ple contains every future event, but a strategy that works only in one
market regime has a narrower claim than one that performs tolerably
across many.

Cost robustness. A strategy should remain economically viable un-
der conservative assumptions for spread, commissions, market impact,
and execution delay. This is especially important for faster signals and
growing assets under management. A gross result that disappears after
modestly higher costs is not a durable investor opportunity.

Implementation robustness. The strategy should still function
when a market is temporarily unavailable, a data field is delayed, an
order must be deferred, or a position is constrained by liquidity or ex-
change limits. The program need not trade every market every day. It
does need defined behavior when normal trading is not possible.
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The practical standard is not perfection under all perturbations. A
strategy may legitimately weaken when costs increase sharply or when
its market universe is restricted. The key question is whether the
deterioration is gradual and understandable or abrupt and inexplica-
ble. Gradual deterioration suggests an economically continuous pro-
cess. Abrupt collapse often signals excessive dependence on a fragile
assumption.

7.5.3 Honest Validation Protects the Firm from
Its Own Enthusiasm

The greatest research risk is often not a lack of intelligence or effort.
It is the natural tendency to become convinced by a result after seeing
it repeatedly. Every additional parameter variation, market filter, exe-
cution assumption, or sample selection creates another opportunity to
select a favorable outcome by chance.

Backtest overfitting research makes this problem unavoidable rather
than merely theoretical. When many variants are tested, some will
appear unusually strong even if none possesses a durable economic
advantage. The researcher may not intend to deceive; the selection
process itself can create a misleading result.

A mature CTA responds by making validation adversarial. The ques-
tion is not, “Can we produce a compelling chart?” The question is,
“What evidence would cause us to reject this idea, reduce confidence
in it, or limit its use?”

This mindset has several consequences:

« research hypotheses should be recorded before extensive refine-
ment whenever practical;

« the number of tested variants should be visible to reviewers
rather than hidden behind the final selected specification;

« out-of-sample, walk-forward, and independent replication evi-
dence should receive greater weight than in-sample optimiza-

tion;
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« transaction costs, delays, and liquidity constraints should be
treated conservatively;

« failures should be documented, not removed from the research
record;

« areviewer who did not create the model should be able to repro-
duce its principal results; and

» model promotion should require evidence that the live imple-
mentation matches the tested design.

Honest validation also protects investor communication. Promotional
and performance claims, especially claims involving hypothetical re-
sults, must be substantiable. This requirement is not merely a compli-
ance constraint. It reinforces a valuable scientific discipline: if a perfor-
mance claim cannot be reconstructed from retained data, assumptions,
and code, it should not be central to the firm’s investment case.

A CTA should therefore preserve the distinction between research evi-
dence and live evidence. Research evidence supports a decision to test
or adopt a strategy. Live evidence shows how the strategy actually be-
haved after costs, execution, operational constraints, and investor cap-
ital were introduced. The two forms of evidence are related, but they
should never be presented as interchangeable.

7.5.4 Research Alpha and Implementation Alpha
Must Be Measured Separately

Auseful operating distinction is between research alpha and implemen-
tation alpha.

Research alpha is the value expected from the signal and portfolio
logic before the details of live execution are considered. For a trend
program, it reflects the economic value of identifying and participating
in persistent price movements while controlling risk across markets.

Implementation alpha is the value preserved or added through dis-
ciplined conversion of model decisions into investor outcomes. It in-
cludes efficient execution, appropriate timing, reliable contract rolls,
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low error rates, effective risk overlays, careful cash and margin man-
agement, and the avoidance of operational losses.

The term implementation alpha should not be interpreted as a claim
that execution can consistently create return from nothing. Its more
important role is defensive: preserving the value that the research pro-
cess identified. A CTA with sound research but weak implementation
can lose most of its expected advantage through avoidable costs, delays,
and exceptions. A CTA with modest but robust research may produce
a better investor experience if its implementation is consistently disci-
plined.

The two sources of value should be monitored separately. If the gross
signal result remains stable while realized net performance deterio-
rates, the problem may lie in execution, turnover, capacity, or oper-
ating friction rather than in the underlying trend logic. If implemen-
tation quality remains stable but forecast behavior weakens, the firm
may need to reconsider the economic assumptions behind the model.

The following table presents examples of “edge hygiene” measures that
help maintain this separation.

These measures should not become automatic triggers for continual
model adjustment. A short period of elevated slippage or weaker fore-
cast fit can occur without invalidating the strategy. Their purpose is
to distinguish normal variation from evidence that warrants investi-
gation. The firm should avoid responding to every unfavorable obser-
vation with a parameter change, because that response can transform
monitoring into live overfitting.

7.5.5 Governance Preserves the Edge When Per-
formance Is Uncomfortable

The most severe threat to a systematic process often appears during a
drawdown. At that point, the original logic is tested not only by mar-
kets but also by the organization’s tolerance for uncertainty.

A trend-following program can experience painful losses during abrupt
reversals, prolonged range-bound markets, or periods in which cross-
market trends change rapidly. These episodes are not necessarily evi-
dence of failure. They may be the cost of maintaining exposure to the
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Table 7.4: Illustrative edge-hygiene measures

Measure

What it monitors

Potential interpretation
of deterioration

Live-versus-model slippage

Forecast decay

Turnover drift

Execution-cost attribution

Target-to-implemented
divergence

Post-trade model fit

Difference between expected
trade prices or model returns
and realized execution
results.

Relationship between signal
strength and subsequent real-
ized return over a stable eval-
uation framework.

Change in realized trading
frequency relative to the ap-
proved or expected range.

Spread, commission, market
impact, and timing costs by
market, sector, and trading
condition.

Difference between intended
target positions and recon-
ciled actual positions.

Whether realized exposures,
volatility, and concentration
remain within the range im-
plied by the approved design.

Capacity pressure, worsen-
ing liquidity, execution delay,
order-routing weakness, or
changed market microstruc-
ture.

Weaker trend persistence,
signal crowding, data issues,
or a model whose historical
relation has become less
reliable.

Higher market volatility,
signal instability, imple-
mentation  changes, or
unanticipated  effects of
portfolio constraints.

A concentrated implementa-
tion problem that may not be
visible in aggregate program
returns.

Account restrictions, liquid-
ity constraints, delayed or-
ders, reconciliation failures,
or unauthorized overrides.
Risk-model error, correlation
change, data defects, or in-
consistent production config-
uration.
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larger trends that the program seeks to capture. The governance chal-
lenge is to distinguish between a known adverse environment and a
genuine defect without using the current loss as the sole criterion.

A durable firm has pre-committed procedures for this distinction. It
knows which conditions require normal monitoring, which require a
formal review, and which justify immediate risk reduction or suspen-
sion. It can ask whether:

« the model is operating as approved;
« input data, contract mappings, and positions are correct;
« realized execution costs remain plausible;

« risk limits and diversification constraints are functioning;

« the drawdown is consistent with previously identified strategy be-
havior; and

« there is evidence of a structural change that was not contem-
plated at approval.

This process does not guarantee that the firm will retain every model
forever. A strategy may become unsuitable because markets, costs,
regulation, or capacity have changed materially. The point is that re-
tirement, amendment, or continued use should be a reasoned decision
supported by evidence, not an emotional reaction to the most recent
return.

A formal model-amendment memorandum is a useful discipline when
change is warranted. It should contain at least:

+ 1. the rationale for the proposed change and the problem it is
intended to address;

« 2. the expected effect on return behavior, risk, turnover, capacity,
and implementation;

« 3. the research evidence, including failed tests and limitations;
+ 4. thevalidation approach and controls against backtest selection

bias;
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+ 5. the production implementation plan, fallback procedure, and
monitoring requirements;

« 6. the effect on disclosures, investor communication, and bench-
mark interpretation; and

. 7. the approval record, effective date, and scheduled
post-implementation review.

The memorandum serves two purposes. First, it makes the proposed
change intelligible to people who did not develop it. Second, it creates
a record against which the firm can later assess whether the expected
benefits and risks were accurately understood.

7.5.6 Continuity Is a Source of Investment Qual-
ity

A CTA program should be able to survive the departure of its founder,

lead researcher, head trader, or key operations professional. This does

not mean that individuals are unimportant. Skilled people remain es-

sential. It means that the firm’s investment process should be institu-
tional rather than dependent on undocumented personal knowledge.

Institutional continuity requires several forms of redundancy:

« documented procedures for normal operations, exceptions, and
recovery;

« controlled repositories for code, configurations, data definitions,
and approvals;

« cross-training for critical operational responsibilities;
« clear delegation of decision rights and escalation authority;
« independent reconciliation, oversight, and challenge functions;

« tested business continuity and disaster recovery arrangements;
and

« a retained audit trail that allows a successor to understand his-
torical decisions.
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Continuity also requires cultural discipline. A firm can possess ex-
cellent documentation yet still be fragile if people are reluctant to re-
port errors, challenge senior researchers, or escalate a control failure.
Durable organizations treat the discovery of a defect as useful infor-
mation. They investigate the process that allowed the defect to occur,
correct the weakness, and retain the lesson rather than assigning blame
and moving on.

This culture matters because many damaging failures begin as small
exceptions: an unexplained data adjustment, a manual trade placed
outside the normal workflow, a report prepared from an unapproved
spreadsheet, or a vendor issue that is not escalated because the
workaround seems easy. Over time, repeated exceptions can become
the real operating process. A strong control culture prevents this
gradual drift.

7.5.7 Transparency Disciplines the Organization

Transparent reporting is often described as an investor-service func-
tion. It is also a powerful internal control. A CTA that must explain its
returns, risks, implementation results, model changes, and benchmark
comparisons in a consistent format is less able to hide weak assump-
tions behind favorable narratives.

GIPS-style composite discipline and clear disclosure reduce the temp-
tation to curate a track record by selectively presenting accounts, pe-
riods, or return layers. A stable benchmark policy makes it harder to
replace an inconvenient comparator after a difficult period. Explicit
model-change records make it harder to describe a materially altered
strategy as if it had always been the same program.

This discipline does not require disclosure of proprietary code or ex-
act parameters. It requires that the firm communicate the economic
facts that investors need in order to understand what they own. Over
time, that obligation improves internal decision making because un-
supported claims are more likely to be challenged before they reach
investors.

Transparency is especially valuable when the program is under stress.
A concise, factual explanation of drawdown sources, risk utilization,
implementation quality, and any material operational event is more
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credible than either silence or excessive reassurance. Investors do not
expect a CTA to eliminate losses. They do expect the manager to under-
stand the losses, operate within the mandate, and communicate with-
out distortion.

7.5.8 The Durable Edge Is a Process, Not a Param-
eter

The final lesson is that a CTA’s enduring advantage rarely resides in
one lookback horizon, volatility estimator, or optimization technique.
Such choices matter, but they are easier for competitors to copy than
the institutional discipline required to use them well over time.

A durable program combines several reinforcing characteristics:

« arobust method for participating in persistent market trends;

« diversified risk that does not depend excessively on one market,
one regime, or one implementation assumption;

« realistic treatment of trading frictions, liquidity, and capacity;

« skepticism toward backtest precision and parameter optimiza-
tion;

+ controlled promotion of research into production;

« monitoring that separates economic deterioration from imple-
mentation failure;

« reliable execution, reconciliation, recordkeeping, and recovery
capabilities;

« honest reporting of live, net investor outcomes; and

« an organization capable of maintaining these standards through
personnel and market cycles.

Each element supports the others. Robust research is weakened
by poor execution. Good execution cannot rescue an overfit model.
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Strong governance is incomplete if reporting is misleading. Transpar-
ent reporting is not credible if records cannot be reproduced. Business
continuity is of little value if the firm does not know which model ver-
sion was live when disruption occurred.

The appropriate measure of success is therefore broader than a favor-
able historical equity curve. Success is the ability to deliver a defined
investment process repeatedly, at controlled risk, with evidence that
the realized investor experience remains connected to the original eco-
nomic rationale. A CTA that can do this through difficult markets and
organizational change has moved beyond a promising strategy and to-
ward a durable franchise.
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