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Preface

Macroeconometric models have become the fundamental tool in the academia
and central bank community. It is now almost impossible to have a rigorous
understanding of the global economies without such tools. The widespread use
of macro models, particularly DSGE and increasingly GVAR models in the
policymaking community, shows the usefulness of these models for analyzing
and simulating economic experiments. Given the cheap data access and
numerous software available for the users, the importance of macro models
will only increase.

One area that is under-researched by the macroeconometric community is
portfolio management. Often we can find numerous academic papers on
macro models but are not related to portfolio management. In practice, the
financial industry has a long track record of applying macroeconomic analysis
for portfolio management but rarely refers to the academic literature of
macroeconometrics. However, this trend is now changing as more systematic
fund managers are employing quantitative models to forecast and trade their
portfolio positions. The rise of algorithmic and systematic trading has driven
the explosion of research in high-frequency econometrics, quantitative finance
and machine learning as practitioners are keen to discover a more efficient,
automatic way to model the economy and forecast the actions while staying
profitable.

This book offers a detailed explanation of the various types of macro models
and shows their applications by demonstrating with empirical tests. For each
model, it begins with the construction, calibration/estimation and simulation.
The book is intended for readers who have training in economics but have not
yet been exposed to the research in macroeconometric models. Practitioners
who work in the industry would also find it very handy as a guide to all major
macro models and how they can be applied to portfolio management.

The first part of this book introduces the basics of financial-economic
theories and how they are related to portfolio management. The second part
looks at all major models that are found in macroeconometrics, such as DSGE,
GVAR and FAVAR. It also contains chapters on volatility models such as GARCH.
Numerous software packages are available either for free or at a low cost for the
reader to apply these models.

The last part is focused on bringing the models to a portfolio management
context. The most important purpose of this part is to demonstrate how macro
model forecasts can be applied and translated into actual trading positions in
light of the risk and reward preference by the investor. A backtesting workbook
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is also included, and the reader will be able to backtest trading strategies with
inputs from the forecasts. It allows the reader to enter either a long or short
position based on the forecast. The reader can also fine-tune criteria such as
expected risk and trading size. Returns will be calculated automatically to show
whether the forecast and the trading strategy worked. The workbook can be
downloaded from the book’s homepage on Vernon Press.

It is my hope for this book to be a bridge between academia and industry. I'll
be very grateful if the reader is encouraged to further pursue the subject matter.

Jeremy Kwok, London, 2021
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Chapter 1

Introduction

1.1 Crystal balls

Imagine that you now have a crystal ball in front of you and it shows you the
future. Just like the ones in fortune-telling, it tells you the future. It shows you
exactly what will happen in the markets. What, then, does this knowledge of the
future bring to you now? Most importantly, how are you going to act since you
have glimpsed the future from this omniscient, prescient object? Does it imply
that you will now become all-powerful and live happily forever?

Unfortunately, the short answer is no.

The long answer is it depends but it is complicated. Specifically, it depends
on the crystal ball you have and, secondly, how you are going to act on it. The
crystal ball—be it an oracle from insiders or a mathematical model which takes
all the available information into account—will burp out forecasts that may or
may not be accurate with a margin of error. Not only the output from the crystal
ball can be inaccurate, but it can also be inappropriate, not suitable for actions.
Even if the forecast is actionable, the logical question will then be: what are you
going to do and how, exactly? Despite all these problems, the reader is tempted
to ask: why bother forecasting? The answer is simple. The need to gain insight
into the future will always be with us. It is a fundamental human urge to all
things we do. This is an action that we cannot avoid and should be dealt with
precisely. The crystal ball is certainly attractive, but the silver bullet isn't.
Therefore the answer to this question is half crystal ball and half application of
the crystal ball. To solve the problem of the crystal ball itself, this book seeks
help from macroeconometrics. For the application of the crystal ball, it looks
for the science and art of portfolio management.

The purpose of macroeconometrics is to model the national or global
economies, thus enabling the modeller to create forecasts and simulations to
predict what will happen in the future. This field has always been very attractive to
not only academia but also central bankers and policymakers. This is evidenced
by the wide adoption of the models in central bank research bodies such as the
European Central Bank, the Fed, and the Bank of England. As aresult, applications
developed are mostly for monetary, fiscal and growth policy analysis. The
publication of research related to macroeconometric models has been ever-
increasing recently due to the available tools for computing these models. This
allows the user to build complex models quite easily. As such, the application of
this field is also of important interest not only to academia but also in the private
sector due to its accessibility. Like other academic disciplines, macroeconometrics
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also have different schools of thought with widely different approaches. In light of
the failure of previous macro models, many solutions have been put forth. In
general, there are two broad camps of models that are either data-driven or
theory-driven, while some are in between. One of the most promising approaches
that are data-driven but also allowed for theory is the method of Global Vector
Autoregressive (GVAR) models. The GVAR approach is closely related to the VAR
modelling approach but provides a relatively simple yet effective way of modelling
interactions in a complex high-dimensional system such as the global economy,
where it can contain many variables for each country. Other existing large models,
such as the simultaneous equations model (SEMs) and Dynamic stochastic
general equilibrium models (DSGEs), are the main working models in academia
and industry. It is easy to see the values these models bring to decision-making in
the context of portfolio management. Having a correctly estimated model is
similar to holding a crystal ball informing the future. While there is no shortage of
research for applications in the public sector, such as national government and
central banks, there is little research on how to integrate these models for portfolio
management in the industry.

Portfolio management is the economic science for determining an investment
policy (such as buying equity for along period, e.g., 20 years), forecasting returns
(such as variables like GDP growth, inflation and their effect on equity or
commodity prices), asset allocation (determining the portion of assets to allocate
for the portfolio) and risk management for a portfolio of investments. This art is
practised by fund managers, bankers and even ordinary retail investors. A fitting
and accurate model for forecasting can generate enormous wealth for its users,
and, therefore, it is easy to see that the models being used by private fund
management companies are proprietary and are never publicized. In light of this
knowledge gap, this book aims to fill the void by proposing a framework and
application integrating macroeconometric models for managing a portfolio
while considering its role in forecasting, asset allocation and risk management.
An excel file with examples is also available to allow readers to use it immediately.

1.2 Overall framework

By the end of this book, the reader will be able to have an in-depth understanding
of macroeconometric models and how to apply them to their portfolios. This
book is presenting a new framework for economists and investors. However, it is
not just a theoretical presentation. Readers will learn how to estimate the models
and apply the forecasts into their portfolio with a backtested strategy. Specifically,
the ensuing chapters in this book attempt to answer these questions:

1) Which forecast models to use and how to estimate?

2) Once estimated, how to validate whether the models work?
3) How to forecast from the models?

4) How to use forecasts as part of portfolio management?
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5) How to backtest a trading strategy, given the forecasts?

6) How to translate the forecasts into trading positions given the risk and
reward criteria?

Figure 1.1: Overall framework
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An overall framework in figure 1.1 shows the flow of different components in
this book. The framework connects the macroeconometric models to a
backtesting workbook. The book follows this framework which shows the
reader how to understand and apply the macroeconometric models (Part II,
chapter 4-7), calibrate/estimate (chapter 8.9), produces forecasts and assesses
their merits (chapter 9). Having produced the forecasts, part III of the book
looks at the beginning, where the investor outlines an investment policy with
criteria and goals (10). Trading rules that are fitted are then backtested in
chapter 11. The last chapters (13, 14 and 15) then show the reader how this can
be done with the excel workbook provided. After assessing the trading rule and
forecast in light of the risk and rewards outlined in the portfolio criteria, the
reader will be able to test and confirm which model is the best that allows
maximum returns.

1.3 Road map

The book is divided into three parts. The first part introduces the overall
framework and how classic financial theories are related to predictability and
portfolio management. There are six chapters in part II. The CAPM model and
EMH theory are the focus here as they are too influential to ignore by any
modellers. The portfolio management chapters in Part III relate to chapters 1
and 2 by asking the readers' beliefs and how much they rely on the CAPM and
EMH theory.

The chapters in part II first take the reader to the historical development of
macroeconometrics before embarking on a journey to the major types of
macroeconometric models. Chapter 4 provides an extensive account of the
development within the field from the beginning of econometrics up to the
recent research in DSGE and GVAR. Chapter 5 begins with a short
demonstration of the smaller VAR models and their limitations, thus showing
the need for larger, macro models. Chapter 6 also looks at the popular GARCH
type models and show empirical tests on the assessment of these models.
GARCH models are often used for modelling volatility. This chapter provides an
option for the reader to use when estimating the expected risk of financial
instruments in part II. Chapter 7 examines all major types of macro models
such as GVAR, FAVAR and DSGE and how are they constructed, tested, and used
for forecasting. The large scale models are notoriously difficult to estimate, and
this has been treated with extensive care. Chapter 8 shows an experiment on
how to validate and compare model performance. A forecasting contest was
conducted between GVAR, FAVAR and DSGE models.

Part III is more practical and focuses on how to apply the models to use.
Chapter 10 discusses how to formulate portfolio risk and reward and forecasts.
Chapter 11 focuses on trading rules and how to backtest them. The last three
chapter shows how to backtest a trading strategy with the aforementioned
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portfolio criteria of risks and reward. It also shows how forecasts can be
translated into an actual trading position. The final backtesting chapters 13 and
14 show that trading with accurate forecasts is much more profitable. The
reader is advised to use the excel workbook when reading these chapters.

The workbook shows how the backtest can be applied to check whether a
strategy would be profitable, given the historical data and trends. The first
sample given is a simple backtest for testing one position strategy. This allows
the reader to hold one position at any time, either buying or shorting. Therefore
the reader’s net position can either be short (-1), no holding (0) or long (+1). The
indication of buy or sell here is indicated by the underlying strategy, which is
described in the book. Once a signal is given, the reader will either buy or sell
the underlying security. The profit and loss for each trade are calculated, and
cumulative return is also calculated to indicate whether the strategy worked.
Performance metrics are also calculated to provide a comprehensive picture.

The second part of this workbook is a backtest template that allows multiple
positions. It also includes portfolio management criteria and tools that were
mentioned in chapter 10. This allows the trader to backtest if holding multiple
positions within the same instrument is a better strategy or not. Detailed
portfolio criteria are also in place to adjust the position size to be traded,
according to the risk criteria as stipulated at the start. This part was designed
with flexibility in mind so that the reader can test multiple scenarios with the
same dataset but with different criteria.
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