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Preface

This book focuses on the interaction between equilibrium real exchange
rates, optimal debt, endogenous optimal growth and current account
balances, in a world of uncertainty. The theoretical parts result from
interdisciplinary research between economics and applied mathematics.
The raison d’être of this research is to develop analytical tools that can
explain and evaluate trends in real exchange rates, and provide theoretically based warning signals of currency and debt crises.
There is great concern about the current account deﬁcits that the United
States has been running for nearly a quarter of a century, and which have
been increasing as a fraction of the GDP. Controversial subjects are: what
is an ‘‘optimal’’ ratio of external debt/GDP and are the current account
deﬁcits/GDP causes for concern? What are the effects – upon the value of
the dollar and vulnerability of the United States economy to external
shocks – of debt ratios and current account deﬁcit ratios that exceed the
‘‘optimum’’ levels? Although the current account deﬁcit/GDP ratio
has been large and growing, so far the real value of the dollar has not
appeared to suffer signiﬁcant ill effects, despite recurrent dire warnings
of a catastrophe.
These are difﬁcult and controversial subjects because a rational discussion of what is ‘‘sustainable’’ or optimal must recognize that there is
uncertainty concerning the future rates of return on capital, interest rates,
and exchange rates. The current analytical techniques based upon perfect
foresight or certainty equivalence have led to false predictions. The only
way to answer these questions objectively is to have an analytical framework that explicitly takes the uncertainty into account, and can be applied
to available data. This is why the techniques of stochastic optimal control
and dynamic programming developed by mathematicians must be integral parts of the theoretical framework. Explicit operational equations
are thereby obtained for optimal values, against which we compare the
observed values of the external debt and current account. The stochastic
optimal control analysis is applied to evaluate the United States current
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account deﬁcits and to explain the default crises in the emerging market
countries.
The advent of the euro, the enlargement of the euro area to include the
transition economies of Eastern Europe and the currency and debt crises
in South-East Asia and Latin America have also posed challenges to
economists. What analytical tools can explain trends in real exchange
rates and evaluate whether existing exchange rates are ‘‘equilibrium’’ or
sustainable?

How should one read this book?
This book is organized into four parts. The ﬁrst section consists of
Chapter 1, which is an overview of the entire book. It is a non-technical,
self-contained presentation that effectively is a ‘‘review article’’. The rest is
organized into three parts, and the reader can either proceed systematically or selectively.
Part II presents the theoretical and mathematical framework used
throughout the book. Chapters 2 and 3 develop stochastic optimal control
techniques needed to derive equations for optimal external debt, endogenous growth, consumption, and capital. The challenge arises because
the key variables (the rate of return on capital, interest rate, and exchange
rates) are stochastic and hence unpredictable. Chapter 4 presents the
underlying economic framework of the natural real exchange rate (or
NATREX) model.
The remaining sections contain a series of empirical applications of the
theories developed in Part II. These chapters can be read independently of
the material in Part II, as the required theoretical material developed in
Part II is summarized and presented graphically in each of these chapters.
The ﬁrst of the applied parts, Part III, provides a couple of examples of
how the NATREX model has been used to evaluate trends in real exchange
rates. Chapter 5 uses the NATREX model to evaluate trends in the euro
exchange rate. The focus in Chapter 6 is to use the NATREX model
to evaluate trends in the exchange rates of the transition countries –
primarily Hungary and the Czech Republic.
Finally, Part IV provides a series of applications of a model which look at
external debt issues and exchange rate crises. Chapter 7 is an application
of stochastic optimal control to explain and provide theoretically based
early warning signals of default risk for the emerging market countries.
Chapter 8 applies both the NATREX theory of equilibrium exchange rates
and stochastic optimal control to explain the Asian crises of 1997–8.
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It asks, to what extent were the crises in the different countries due to
misaligned exchange rates – where the real exchange rate deviated from
the NATREX – and to what extent were they due to external debts that
exceeded the optimum levels? Finally, Chapter 9 uses the stochastic
optimal control analysis developed in Chapter 3 to evaluate the optimality and sustainability of the United States’ external debt and current
account deﬁcits.

What led to the writing of this book?
This book represents an amalgamation of several strands of my research
and the history of this research effort is relevant for understanding the
approaches taken in the book and how they differ from the literature. The
ﬁrst area of research is equilibrium real exchange rates. In about 1990, Polly
R. Allen (University of Connecticut) and I realized that the standard
theories of exchange rates featured in the journals and graduate textbooks
were unable to explain the trends in exchange rates since 1973. The
dominant theories in the literature were based upon purchasing power
parity (PPP) and short-run monetary models. At that time James Boughton
at the International Monetary Fund wrote: ‘‘What do we know about the
determinants of exchange rates? ‘Precious little’ would be a common and
not unjustiﬁed answer among economists in this ﬁeld.’’
We developed a different approach focusing upon trends in ‘‘equilibrium’’ real exchange rates, when there are neither deﬂationary nor
inﬂationary pressures, rather than upon their short-run variations.
Liliane Crouhy-Veyrac (HEC, France) realized that our ‘‘equilibrium’’ real
exchange rate is analogous to Wicksell’s ‘‘natural rate of interest’’ and
named our theory NATREX. The NATREX is a central tendency where the
actual rate is heading, when there are neither deﬂationary nor inﬂationary
pressures, no changes in reserves and when there is external portfolio
balance. The difference between the actual real exchange rate and the
NATREX is due to speculative capital movements based upon anticipations or to cyclical phenomena. They average out to zero but have considerable variance. We explain the trends of the real exchange rate in this
dynamic stock-ﬂow model by real fundamental determinants. They are
relative productivity and thrift/time preference. Our book, Fundamental
Determinants of Exchange Rates, Oxford, 1995, launched NATREX.
In 1994, John Williamson edited a book ‘Estimating Equilibrium Exchange
Rates’ which brought both his Fundamental Equilibrium Real Exchange
Rate (FEER) and our NATREX to the attention of a wider audience. Neither
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of us accepts the PPP hypothesis because it is unduly restrictive and lacks
explanatory power. Although our approaches are different, we both follow
a theme of Ragnar Nurske that concentrates upon moving equilibrium
real exchange rates, which are associated with both internal and external
balance1. Williamson’s approach is normative whereas the NATREX is
positive economics in a dynamic context.
Europeans realized very quickly that the NATREX is an operational
model with considerable potential. At the time, there was an active discussion of the French Franc/Deutsche Mark exchange rate and causes of
the European exchange rate crises. Moreover, the establishment of the
euro as a European currency was seen on the horizon. There was considerable interest in understanding what are the determinants of equilibrium real exchange rates, and what factors will determine the ‘‘strength’’
of the currency in the medium to longer run? Liliane Crouhy-Veyrac
(HEC, France) and Michèle Saint Marc (Banque de France) organized a
conference jointly with the Bundesbank, whose chief economist at the
time was Otmar Issing. The theme of the conference was the explanatory
power of the NATREX model for the major European economies. The
French and the Germans were the ﬁrst groups attracted to NATREX. Just
before the advent of the euro, the European Central Bank (ECB) invited
me to talk about applications of the NATREX model. Otmar Issing became
the chief economist of the ECB. The euro exchange rate was the key topic
of discussion. I was asked: ‘‘If you were Director of Research at the ECB,
what research agenda would you propose?’’ My response was that I would
divide my group into teams/subgroups where each would have the same
objective: what theories can explain the history from 1973 to 1999 of a
‘‘synthetic’’ euro, which is a weighted average of the currencies that will
constitute the euro? Each group would use the same data but different
economic theories, derived from the literature in journals and graduate
textbooks. One would then compare the explanatory power of the
theories. On that basis, one would decide which is the most useful theory
to explain what determines medium to longer term trends in the euro.
A year or so later, the ECB sent me a series of papers that did exactly
what I had suggested. Among other methods, the researchers applied an
eclectic-econometric approach and the NATREX model. The former was
not based upon an explicit theory, nor did it contain an economic
transmission mechanism that could explain how real determinants
1
See Driver and Westaway, ‘‘Concepts of equilibrium exchange rates’’, in Driver et al.
(ed.) Exchange Rates, Capital Flows and Policy, Routledge, 2005, for an analytic survey of the
literature.
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operate in the medium to long run to produce the observed trends.
It was an eclectic search for a cointegrating equation. The NATREX
model, however, comes with a story – a dynamic stock-ﬂow analysis,
which explains medium to longer term trends in the real exchange rate in
terms of real, objectively measured fundamentals.
Carsten Detken, Carmen Marin, Alistair Dieppe, Jérôme Henry, and
Frank Smets, at the ECB and Romain Duval (Université Paris, PanthéonSorbonne) applied the NATREX model to explain the synthetic euro. Their
research was published in 2002. With the enlargement of the euro area,
the Eastern European countries were concerned with what is an equilibrium real exchange rate for their countries. The Central Banks wanted
to avoid the problems that economic uniﬁcation produced for eastern
Germany, whose real exchange rate was overvalued. Economists at the
central bank of the Czech Republic and Hungary were attracted to the
NATREX model because it was important to evaluate what are the fundamental determinants of their equilibrium exchange rates and to understand
the transmission mechanism. They realized that standard models based
upon PPP or monetary models lacked explanatory power, as noted by
Boughton above. These two Eastern European central banks published
papers showing to what extent the NATREX model could explain the trends
in the real exchange rates in their countries and could provide a basis for
the effects of policies upon the equilibrium real exchange rate.
Economists at central banks and academic economists in Western and
Eastern Europe, Asia and Latin American were attracted to the NATREX
model, because it is a theoretically based dynamic stock-ﬂow model that is
operational: it is directly applicable to publicly available data.
My second area of research started upon my retirement from the
economics department, when I was invited by the Division of Applied
Mathematics (DAM) in 1997 to become a long-term visiting professor/
research. My relation with the DAM has a long history. During the period
1968–80, Ettore ( Jim) Infante of the DAM and I worked together using
dynamic programming and related mathematical techniques to derive
optimal growth in a system where there was not perfect knowledge of the
basic relations. The existing literature on optimal growth was based upon
the Maximum Principle, which requires perfect knowledge and foresight.
Using dynamic programming, we developed a suboptimal feedback control that just used current measurements of observable variables and
which would lead the economy to the unknown and possibly changing
optimal steady state. We also wrote papers concerning ﬁscal policy in a
growing economy and the government budget constraint. Jim was my
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mentor for many years. Our long collaboration was fruitful and stimulating interdisciplinary research.
When I migrated to the DAM, Wendell Fleming and I started a
collaboration concerning the application of stochastic optimal control/
dynamic programming (SOC/DP) to international ﬁnance. The rationale
for this research is that in international ﬁnance the return on investment,
the rate of interest, and the exchange rate are all stochastic variables.
Sensible optimization cannot be done on the basis of models that assume
perfect foresight or certainty equivalence2.
In addition to his many contributions to pure mathematics, Wendell
is one of the key ﬁgures in stochastic optimal control, dynamic programming, and mathematical ﬁnance. The techniques of SOC/DP are
basic tools used by mathematicians who publish in journals devoted
to mathematical ﬁnance; however these techniques are not well
known to economists, even though Robert Merton’s book uses them
extensively.
After many years of hard work where we learned from each other, we
published several articles using the techniques of SOC/DP to explain
optimal growth, debt, current account deﬁcits, and debt crises in the
stochastic environment. The key variables: the return on capital, interest
rate, and exchange rates, have both deterministic and stochastic, unpredictable, components.
There were two reactions to our work: one from mathematicians and
the other from economists. Mathematicians are eager to see applications
of their elegant mathematics. I was therefore invited to give papers at
conferences of mathematicians concerned with stochastic processes and
optimization. These led to my ﬁrst two published papers in mathematics
(American Mathematical Society and the World Congress of Nonlinear
Analysis).
The reaction of economists to our published article in the Journal of
Banking and Finance (2004) was that it is ‘‘very high tech’’ and daunting.
Our challenge was to show how it relates directly to economic policy. This
was a challenge that had to be met.
In an article written in 2001 with Giovanna Paladino (San Paolo/IMI,
Rome), we applied the SOC approach to explain country default risk in the
emerging market countries. This is the substance of Chapter 7. The Bank
for International Settlements and the Banque de France invited me to
2
See the discussion of the literature presented in the excellent graduate textbook by
Giancarlo Gandolfo, International Finance and Open Economy Macro-economics, Springer, 2001.
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speak on that paper, since these institutions are directly involved in
evaluating country default risk.
The second response was in an article written with Guay Lim
(University of Melbourne) on the Asian crises, which was published in
2004. We synthesized the NATREX model of equilibrium exchange rates
and the SOC/DP model of optimal and excessive external debt to derive
early warning signals of crises. This is the substance of Chapter 8.
The third response to the economists’ challenge is the last chapter. The
literature could not arrive at any logically compelling, quantitative, and
objective evaluation of whether the United States’ current account deﬁcits
are sustainable and whether they are leading the US to a serious crisis. In
Chapter 3, we derive an equation for the optimum debt ratio and explain
how the deviation of the actual debt from the optimal debt increases the
vulnerability of the economy to shocks. In the last chapter, we apply the
equations derived from the SOC/DP analysis of Chapter 3 to provide
quantitative estimates of the deviation of the actual from the optimal
current account deﬁcit. These equations permit one to see the sensitivity
of the results to alternative estimation of the parameters.
Theoretical chapters in Part II and the application Parts III and IV are
integrated and synergistic. The rationale for the theory and mathematics
is the fruitfulness of the applications; and the way to evaluate the logic of
the applications is to understand the theoretical foundations.
Many people have read and criticized earlier drafts of the chapters in
this book. I thank the following for their excellent advice and suggestions:
Peter Clark, TEAM-CNRS Université Paris I Panthéon-Sorbonne, Jérôme
Hericourt, Karlhans Sauernheimer, Christoph Fischer Jan Frait, Peter
Karadi Kirsten Lommatzsch, Rebecca Driver, Balázs Égert, Palle Andersen,
Barry Goss, John Williamson, Ettore Infante, Otmar Issing, Catherine
Mann, George Borts and Giancarlo Gandolfo. Foremost, I thank Wendell
Fleming for leading me into a world that I never knew existed until we
started our collaboration. Much of this book is based upon our joint work,
and many of the insights in this book come from him. Finally, I thank the
faculty and secretaries in the Division of Applied Mathematics for their
hospitality and encouragement. I am dedicating this book to Hadassah,
my wife and best friend.
Jerome L. Stein
Division of Applied Mathematics
Brown University
Providence, Summer 2005
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