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Traditional systematic investment strategies often struggle to adapt to changing market

conditions and shifts in the economic environment. This note introduces MARS (Macro

Allocation and Risk System), a framework based on Bayesian statistics and modern macroe-

conomics, that jointly forecasts asset returns and constructs optimal dynamic portfolios.

We explain how we jointly model asset prices and macroeconomic variables to capture their

interdependencies and evolving dynamics. By integrating nowcasting techniques and lever-

aging neural networks for dynamic portfolio optimization, MARS offers a more robust and

adaptable framework for investment. This approach is designed to enhance forecasting accu-

racy, support scenario analysis, and improve risk management, providing a comprehensive

solution for navigating the complezities of modern financial markets.

Systematic strategies that offer a structured, quan-
titative approach to making investment decisions,
have long been integral to the financial industry.
Traditionally, these strategies have relied on individ-
ual asset signals and a series of ad-hoc procedures
for portfolio construction. While this approach is
grounded in practical experience, it has notable lim-
itations, particularly in adapting to the changing
market conditions of the post-pandemic world and
incorporating a comprehensive set of macroeconomic
factors. We present an alternative methodology
grounded in Bayesian statistics and modern macroe-
conomics. By jointly modeling price and non-price
data, utilising nowcasting techniques, and leveraging
neural networks for dynamic portfolio optimisation,
we aim to create a more robust, transparent, and

adaptable framework for systematic investing.
Limitations of Traditional Systematic Strategies

The conventional approach to building systematic
investment strategies typically begins with the iden-

tification of a ’signal’ for each asset—a time series

intended to predict future returns, either derived
from transformations of the asset’s own historical
performance, or from some other source (Figure
1). Once these signals are established, they undergo
several processing steps to construct the overall port-
folio. These steps include scaling signals by asset
volatility to normalise risk exposure, applying caps
and floors to limit excessive positions, adjusting the
sensitivity of signals, and filtering or smoothing to
reduce excessive trading and transaction costs. Fi-
nally, asset-signal pairs are ranked and weighted to
construct a portfolio, often grouped by asset class

to prevent over-concentration in correlated assets.

While these methods are rooted in practical ex-
perience, they involve arbitrary choices at each step
and lack a rigorous theoretical foundation. The
strategies are typically evaluated based on their
performance over available historical data, which
is often limited in length and may not adequately
represent future market conditions due to regime
changes and market evolution. This reliance on his-

torical data raises concerns about overfitting, where
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Figure 1: TRADITIONAL APPROACH TO SYSTEMATIC STRATEGIES
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Notes: The traditional approach to systematic strategy construction involves combining different ‘signals’, each of which has been
independently pre-processed, and making a series of ad-hoc steps that end with a portfolio that ‘looks right’ in the backtest. Source:

Fulcrum Asset Management LLP. For illustrative purposes only.

a model performs well on past data but fails to gener-
alise to new, unseen data. Traditionally quantitative
analysts try to limit the number of parameters in
a model to avoid overfitting, but this can result
in models that are insufficiently flexible to adapt
to changing market dynamics. The ad-hoc nature
of these methods also makes it difficult to under-
stand the underlying reasons for the strategy’s per-
formance, limiting the ability to perform meaningful
scenario analysis or stress testing.

Over the last ten years, the research and develop-
ment team at Fulcrum has developed a systematic
platform for return forecasting and portfolio con-
struction which we call Macro Allocation and
Risk System (MARS), and is the portfolio engine
of our systematic macro strategies. It comprises
two key blocks: a Bayesian forecasting engine and
a portfolio construction algorithm that leverages

neural networks.

A Bayesian, multivariate approach

MARS addresses the limitations of traditional strat-
egy construction by adopting a Bayesian framework
and a multivariate perspective on data modelling.
Instead of focusing on individual asset signals in
isolation, we construct explicit, parametric time se-
ries models that characterize the joint probability
distribution of a wide array of data. This data in-
cludes not only asset returns and prices but also
macroeconomic indicators and other variables that
may predict asset performance. By treating all rel-
evant data as part of an interconnected system, as
illustrated in Figure 2, we acknowledge and model
the interdependencies and feedback loops inherent

in financial markets.

A Bayesian approach allows us to incorporate
prior beliefs and expert knowledge into the mod-
eling process while updating these beliefs as new
data become available. This framework favours sim-
pler, more parsimonious models when appropriate,

effectively balancing the need for sufficient model
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Figure 2: A SYSTEMS APPROACH TO MODELLING MACRO AND FINANCIAL DATA
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Notes: The figure illustrates the interconnectedness of global financial drivers, highlighting how shocks to monetary policy or inflation
can cascade across markets. Recognising these dynamics is essential for asset management, guiding both risk management and portfolio
decisions. Source: Fulcrum Asset Management LLP. For illustration purposes only.

complexity with the risk of overfitting. By emphasis-
ing out-of-sample forecasting performance, we aim
to build models that generalise well to new data and

are robust under changing market conditions.

Grounding our models in modern macroeco-
nomics, which recognises that economies are dy-
namic, subject to pervasive uncertainty and inter-
connected, provides a theoretical foundation for un-
derstanding how economies evolve over time under

the influence of random shocks and policy changes.

This allows us to capture the dynamic nature of
financial markets and to model features such as
time-varying parameters and changing volatilities
and correlations. By explicitly accounting for these
dynamics, we can better adapt to new conditions
and capture predictors that operate at different fre-
quencies or that may sometimes give conflicting

signals.
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Using Neural Networks to construct more robust
portfolios

Constructing portfolios within this framework in-
volves solving a dynamic programming problem with
many hundreds of ‘state variables’: data points that
enable us to make a decision on the basis of current
information. In MARS, there is a forward-looking,
utility-maximising agent who makes portfolio choices
based on the probabilistic model described above.
This agent is aware of the uncertainty surrounding
future data values, model parameters, and even the
possibility that the model itself may be wrong. This
setup requires finding a ‘policy function’, that maps

current state variables to optimal decisions.!

Solving this problem is challenging due to the
large dimensionality involved: the model may in-
clude hundreds of state variables and complex, non-
linear constraints, such as limits on ex-ante volatil-
ities or on potential losses. Traditional dynamic
programming methods are often unfeasible in this
context due to computational constraints. For in-
stance, the classic method of value function iteration
would only be applicable to small models with just
a handful of assets; while approaches relying on
linear approximations would preclude complex risk

constraints such as maximum drawdown limits.

To overcome this obstacle, MARS leverages neu-
ral networks and modern GPU computation. Neu-
ral networks are capable of approximating complex
functions and handling high-dimensional inputs effi-
ciently (Figure 3). By training neural networks to
approximate the policy function, we can find solu-
tions to the dynamic programming problem that are
both accurate and computationally tractable. This
approach allows us to handle the complexity of the
optimisation problem and to make better investment

decisions that adapt to changing market conditions.

Our use of neural networks involves stochastic

simulation of many possible future paths for the evo-

lution of the states. By doing this, we can evaluate
how the agent’s decisions perform across different
potential market conditions. This method goes be-
yond traditional backtesting, which relies solely on
historical data that may not capture the full range
of future possibilities. The integration of neural net-
works into portfolio optimisation represents a signif-
icant advancement, enabling us to make meaningful
progress even with the data constraints inherent in

macroeconomics and finance.

Figure 3: EXAMPLE OF A NEURAL NETWORK
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Notes: In the typical neural network architecture, data flows
through interconnected layers—from input to hidden to output
layers—with weighted connections that adjust through training.
Source: Fulcrum Asset Management LLP. For illustration pur-
poses only.

Conclusion

Our approach to building systematic investment
strategies represents a significant departure from
traditional methods. By grounding our models in
Bayesian statistics and modern macroeconomic the-
ory, we can construct a comprehensive and flexible
framework that accounts for the complexities of fi-
nancial markets. The use of nowcasting techniques

allows us to process macroeconomic data effectively

1Like the operations manual of a submarine, a policy function can be understood as a set of instructions specifying how to
respond effectively in various situations, outlining step-by-step actions and procedures.
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and to incorporate timely economic insights into
our models. Leveraging neural networks for dy-
namic portfolio optimisation enables us to solve
complex optimisation problems that were previously
intractable, allowing us to adapt to changing market
conditions and to make better-informed investment

decisions.

This methodology offers several advantages. It
provides transparency by having an explicit model
of the joint probability distribution for returns and
other variables, enabling us to understand the rea-
sons behind changes in our forecasts as new informa-
tion becomes available. It also facilitates scenario
analysis and stress testing, allowing us to explore
how different macroeconomic conditions or policy

changes might impact portfolio performance. By

serving as a laboratory for exploring different port-
folio strategies, we can tailor our approaches to
specific investment goals or risk profiles, enhancing

the relevance and effectiveness of our strategies.

While our models are more complex than tra-
ditional approaches, the Bayesian framework helps
manage this complexity by focusing on parameters
supported by the data, reducing the risk of overfit-
ting. Using modern statistical and computational
techniques, we aim to improve investment outcomes
by providing deeper insights and by managing un-
certainty more effectively. By acknowledging and
embracing the complexities of financial markets, we
strive to build strategies that are not only effective
but that are also transparent and can adapt to the

evolving economic environment.

Source for all figures: Fulcrum Asset Management.

This material is for your information only and is not intended to be used by anyone other than you. It is directed at professional clients
and eligible counterparties only and is not intended for retail clients. This is not an offer or solicitation with respect to the purchase or
sale of any security. The material is intended only to facilitate your discussions with Fulcrum Asset Management LLP (“Fulcrum”) as to
the opportunities available to our clients. The given material is subject to change and, although based upon information which we
consider reliable, it is not guaranteed as to accuracy or completeness and it should not be relied upon as such. The material is not
intended to be used as a general guide to investing, or as a source of any specific investment recommendations, and makes no implied or
express recommendations concerning the manner in which any client’s account should or would be handled, as appropriate investment
strategies depend upon client’s investment objectives. The price and value of the investments referred to in this material and the income
from them may go down as well as up and investors may not receive back the amount originally invested. Past performance is not a
guide to future performance. Future returns are not guaranteed and a loss of principal may occur. Any historical price(s) or value(s) are

also only as of the date indicated. We will endeavor to update on a reasonable basis the information discussed in this material.

It is the responsibility of any person or persons in possession of this material to inform themselves of and to observe all applicable laws
and regulations of any relevant jurisdiction. Fulcrum does not provide tax advice to its clients and all investors are strongly advised to
consult with their tax advisors regarding any potential investment. Opinions expressed are our current opinions as of the date appearing

on this material only.

References to any market or composite indices, benchmarks or other measures of relative market performance over a specified period of
time (”benchmarks”) are provided by Fulcrum for your information purposes only. Investors cannot invest directly in indices. Indices
are typically unmanaged and the figures for the indices shown herein do not reflect any investment management fees or transaction
expenses. Fulcrum does not give any commitment or undertaking that the performance or risk profile of your account(s) will equal,
exceed or track any benchmark. The composition of the benchmark may not reflect the manner in which a portfolio is constructed in
relation to expected or achieved returns, portfolio guidelines, restrictions, sectors, correlations, concentrations, volatility or tracking

error targets, all of which are subject to change over time.

Simulated, modeled, or hypothetical performance results may be used and have certain inherent limitations. Simulated results are
hypothetical and do not represent actual trading, and thus may not reflect material economic and market factors, such as liquidity
constraints, that may have had an impact on actual decisionmaking. Simulated results are also achieved through retroactive application
of a model designed with the benefit of hindsight. No representation is being made that any client will or is likely to achieve results

similar to those shown.

Certain funds managed by Fulcrum Asset Management LLP use quantitative models, where this is the case, Fulcrum Asset Management
LLP can and do make discretionary decisions on a frequent basis and reserves the right to do so at any point. Certain transactions,
including those involving futures, options and high yield securities and investments in emerging markets may give rise to substantial risk
and may not be suitable for all investors. Foreign currency denominated investments are subject to fluctuations in exchange rates that
could have an adverse effect on the value or price of, or income derived from, the investment; such investments are also subject to the
possible imposition of exchange control regulations or other laws or restrictions applicable to such investments. Investments referred to
in this material are not necessarily available in all jurisdictions, may be illiquid and may not be suitable for all investors. Investors
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should consider whether an investment is suitable for their particular circumstances and seek advice from their investment adviser.

For US Investors: Shares in the Fund will not be registered under the Securities Act of 1933, the securities laws of any state or the
securities laws of any other jurisdiction, and the Fund will not be registered under the Investment Company Act of 1940. There is no
public market for the shares, and no such market is expected to develop in the future. Shares in the Fund may not be sold or transferred
except as permitted under the Fund’s articles of association, and unless they are registered under the Securities Act of 1933 or an
exemption from registration thereunder and under any other applicable securities law registration requirements is available. Accordingly,
investors will be required to bear the financial risks of an investment in the Fund for an extended period of time. This document is
not intended for distribution to, or use by any person or entity in any jurisdiction or country where such distribution or use would be
contrary to local law or regulation. In particular this document is not intended for distribution in the United States or for the account
of U.S. persons (as defined in Regulation S under the United States Securities Act of 1933, as amended (the ”Securities Act”)) except to
persons who are ”qualified purchasers” (as defined in the United States Investment Company Act of 1940, as amended), ”accredited
investors” (as defined in Rule 501(a) under the Securities Act) and Qualified Eligible Persons (as defined in Commodity Futures Trading
Commission Regulation 4.7).

Switzerland: The offer and marketing of interests of the fund in Switzerland will be exclusively made to, and directed at, qualified
investors (the ”Qualified Investors”), as defined in Article 10(3) of the Swiss Collective Investment Schemes Act (”CISA”) in conjunction
with Art. 4(4) of the Swiss Federal Act on Financial Services ("FinSA”), i.e. institutional clients, at the exclusion of professional clients
with opting-out pursuant to Art. 5(3) FinSA (“Excluded Qualified Investors”). Accordingly, the fund has not been and will not be
registered with the Swiss Financial Market Supervisory Authority (?FINMA”) and no representative or paying agent have been or will
be appointed in Switzerland. This document and/or any other offering or marketing materials relating to the interests of the fund may
be made available in Switzerland solely to Qualified Investors, at the exclusion of Excluded Qualified Investors.

Australia: All information in this communication is intended to be accessed by ‘Wholesale Clients’ as defined by the Corporations Act.
No offer or advice: Nothing on the website should be construed as a solicitation, offer or invitation, or recommendation, to acquire or
dispose of any investment or to engage in any other transaction. Fulcrum is not providing any personal advice or recommendation
regarding any financial products within the meaning of section 766B of the Corporations Act. No consideration has been made of any
person’s investment objectives, financial situation and/or needs. Prospective investors should make their own enquiries and should seek
all necessary financial, legal, tax and investment advice. The Shares have not been and will not be registered pursuant to Article 4,
Paragraph 1 of the Financial Instruments and Exchange Law of Japan (Law no. 25 of 1948, as amended) and, accordingly, none of the
Shares nor any interest therein may be offered or sold, directly or indirectly, in Japan or to, or for the benefit, of any Japanese person or
to others for re-offering or resale, directly or indirectly, in Japan or to any Japanese person except under circumstances which will result
in compliance with all applicable laws, regulations and guidelines promulgated by the relevant Japanese governmental and regulatory
authorities and in effect at the relevant time. For this purpose, a “Japanese person” means any person resident in Japan, including any
corporation or other entity organised under the laws of Japan.

For EU Investors: As at the date of this document, the fund has not been approved, notified or registered in accordance with the
Alternative Investment Fund Managers Directive (Directive (2011/61EU) (the “AIFMD?”) for marketing to professional investors in any
member state of the EEA (each a “Relevant State”). However, such approval may be sought, or such notification or registration may
be made in the future. Therefore, this document may only be transmitted to an investor in a a relevant EU Member State at such
Investor’s own initiative.

This material has been approved for issue in the United Kingdom solely for the purposes of Section 21 of the Financial Services and
Markets Act 2000 by Fulcrum Asset Management (“Fulcrum”), Marble Arch House, 66 Seymour Street, London W1H 5BT. Fulcrum
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