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Preface

No subject with a foot in both the academic and public domains like macro-
economics remains unchanged for long. The search for improved explanations,
and the challenge of new problems and new circumstances, keeps such subjects
in a constant state of flux. Dynamic general equilibrium (DGE) macroeconomics
has emerged in recent years as the latest step in the development of macro-
economics from its origins in the work of Keynes in the 1930s. It is largely an
attempt to integrate macroeconomics with microeconomics by providing micro-
foundations for macroeconomics. Most modern research in macroeconomics
now adopts this approach. The purpose of this book is to provide an account
of the DGE approach to modern macroeconomic theory and, in the process,
make DGE macroeconomics accessible to both a new generation of students and
older generations brought up on earlier approaches to macroeconomics, par-
ticularly those charged with giving policy advice to government, central banks,
or business.

A feature of the DGE approach to macroeconomics is that it considers the
whole economy at all times. Consequently, instead of viewing the economy as
a collection of features to be studied separately at first, before perhaps being
assembled into a complete picture of the economy, the focus of DGE macro-
economics is the economy as a whole. This is especially helpful when formu-
lating economic policy, where one wants to know the wider effects of any given
measure. It is essential knowledge for a policy advisor.

DGE macroeconomics evolved from neoclassical macroeconomics and real-
business-cycle (RBC) theory to include virtually every aspect of the aggregate
economy, including the open economy, exchange rates, and monetary and fis-
cal policy. It incorporates both Keynesian and New Keynesian economics, with
the latter’s emphasis on the microfoundations of macroeconomics and the
role of monopolistic competition: key elements in modern theories of inflation
targeting.

Once the preserve of finance, through DGE macroeconomics, asset pricing is
now reclaimed as part of macroeconomics. A particular feature of this book is
the inclusion of asset pricing theory as part of macroeconomics. It is shown
that exactly the same model used to determine macroeconomic aggregates like
consumption and capital accumulation also provides an explanation of stock
and bond prices, and foreign exchange, based on economic fundamentals. This
enables the sources of risk to be identified, as well as priced.

The virtue of DGE macroeconomics is brought out in the following encounter
with a frustrated student. He protested that he knew there were many theories
of macroeconomics, so why was I was teaching him only one? My reply was that
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this was because only one theory was required to analyze the economy, and it
seemed easier to remember one all-embracing theory than a large number of
different theories.

I give the credit for my own conversion to DGE macroeconomics to the
first edition of Robert Barro’s undergraduate textbook Macroeconomics. This
was the first textbook to present macroeconomics using a general equilib-
rium approach. Many years ago, when visiting the University of Florida, I was
asked to teach a section of Macroeconomics II. As my research area at the
time was primarily econometrics, I had not taught macroeconomics before.
Since I had strongly disliked the Keynesian approach to macroeconomics, even
from my undergraduate days at the London School of Economics (LSE), partly
as a learning device I chose Macroeconomics as the course book. Although
the students found Macroeconomics far too hard, together with Kydland and
Prescott’s RBC analysis, I found it to be a most revealing way to think about
both macroeconomics and econometrics.

It made me realize that the traditional way of doing macroeconometrics, equa-
tion by equation, had largely failed to engage the interest of macroeconomic the-
orists because the emphasis was too much on the dynamic specification of the
model and too little on the key macroeconomic parameters, or the general equi-
librium implications of the estimated model. Since any variable can be closely
approximated by a univariate time-series representation, the danger in tradi-
tional macroeconometrics is that, in trying to improve goodness of fit by using
a general dynamic specification, the omission of (possibly important) variables
may be obscured. This indicated to me that macroeconomic theory should be
given a much more important role in macroeconometric model building, and
the reliance on time-series methods should be rethought. This is still not a
popular view in the United Kingdom, and was heretical for an ex-postgraduate
student from the LSE, particularly one brought up on “the LSE tradition” of
econometrics.

Although Barro’s Macroeconomics uses little mathematics, in this book the
aim is to provide a more formal demonstration of the results. In my view, it is
only by going into such details that one can obtain a proper understanding of
the strengths and weaknesses of the theory. This was beautifully shown in the
classic Blanchard and Fisher book Lectures in Macroeconomics, which gave the
first technical textbook treatment of DGE macroeconomics. The present book
may even be regarded simply as a more mathematical exposition of Macro-
economics with extensions to more recent research, and an updated version of
Lectures in Macroeconomics.

In order to maintain the flow of the argument in the book, I have tried to
avoid unnecessary clutter by keeping footnotes and references to a minimum. I
should therefore like to acknowledge my enormous debt to the writings of oth-
ers whose work I have drawn on without giving them explicit recognition. Some
of the material in the book is original, usually with the purpose of filling in gaps
in the literature in order to make the coverage of topics more comprehensive.
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The immediate motivation for this book will be familiar to many teachers
who have tried to innovate by including recent research ideas in their lectures.
Having decided to change radically the content of macroeconomics in the M.Sc.
degree at the University of York, I found that there was no single book that I
could recommend to the students that covered all of the material I wished to
include. The students soon complained that there was no book for the course
and asked me to photocopy and distribute my lectures notes, which I did. The
next cohort of students complained that they couldn’t read my handwritten
lecture notes, so why didn’t I type them out, which I did. Subsequent cohorts
complained that notes were all very well but they would be even more useful
if they were written up properly with all of the argument included. So I did.
I then received requests from old students, who had heard about this latest
development, to send them the notes too. At this point I decided that I might as
well turn my notes into a book, and so redeem a pledge made long ago to Richard
Baggaley to write a book for him. I then provided my students with chapters
of the book instead of lecture notes. Their complaint now is that the course
seems to contain rather a lot of material and some of it is rather technical. So
thanks for bringing about this book go especially to my students, who have
been right at every stage and have prompted me to do better by them. Even so,
without Richard Baggaley’s constant support and encouragement, I doubt if I
would have made the required effort.

I would also like to thank Gulcin Ozkan for reading and commenting on large
parts of the book and my wife Ruth for not grudging the many weekends spent
writing—in all honesty, I cannot call it work, as it has proved such a stimulating
project. I hope that the reader will share my enthusiasm, and the enlightenment
that this way of doing macroeconomics brings.
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1

Introduction

1.1 Dynamic General Equilibrium versus
Traditional Macroeconomics

Modern macroeconomics seeks to explain the aggregate economy using the-
ories based on strong microeconomic foundations. This is in contrast to the
traditional Keynesian approach to macroeconomics, which is based on ad hoc
theorizing about the relations between macroeconomic aggregates. In modern
macroeconomics the economy is portrayed as a dynamic general equilibrium
(DGE) system that reflects the collective decisions of rational individuals over a
range of variables that relate to both the present and the future. These individ-
ual decisions are then coordinated through markets to produce the macroecon-
omy. The economy is viewed as being in continuous equilibrium in the sense
that, given the information available, people make decisions that appear to be
optimal for them, and so do not make persistent mistakes. This is also the sense
in which behavior is said to be rational. Errors, when they occur, are attributed
to information gaps, such as unanticipated shocks to the economy.

A distinction commonly drawn is between short-run and long-run equilibria.
The economy is assumed to always be in short-run equilibrium. The long run, or
the steady state, is a mathematical property of the macroeconomic model that
describes its path when all past shocks have fully worked through the system.
This can be either a static equilibrium, in which all variables are constant, or,
more generally, a growth equilibrium, in which in the absence of shocks, there
is no tendency for the economy to depart from a given path, usually one in
which the main macroeconomic aggregates grow at the same rate. It is not,
therefore, the economy that is assumed to be in long-run equilibrium, but the
macroeconomic model. The equilibriumm—short or long—is described as general
because all variables are assumed to be simultaneously in equilibrium, not just
some of them, or a particular market, which is a situation known as partial
equilibrium.

Individual decisions are assumed to be based on maximizing the discounted
sum of current and future expected welfare subject to preferences and four
constraints: budget or resource constraints, endowments, the available tech-
nology, and information. A central issue for DGE macroeconomics is therefore
intertemporal: whether to consume today, or save today in order to consume
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in the future. This entails being able to transfer today’s income for future use,
or future income for today’s use. These transfers may be achieved by holding
financial assets or by borrowing against future income. The different decisions
are then reconciled through the economy-wide market system, and by market
prices (including asset prices). The focus of modern macroeconomics, there-
fore, is on the individual’s responses to shocks and how these are likely to
affect multiple markets simultaneously both in the present and in the future.

Three main types of decision are taken by economic agents. They relate
to goods and services, labor, and assets: physical assets (the capital stock,
durables, housing, etc.) or financial assets (money, bonds, and equity)—each
has its own economy-wide market. It is convenient to consider the decisions of
individuals according to the type of economic agent they are acting as: a house-
hold, a firm, or a government. Broadly, the decisions of the household relate to
consumption, labor supply, and asset holdings. The firm determines the supply
of goods and services, labor demand, investment, productive and financial cap-
ital, and the use of profits. Government determines its expenditure, taxation,
transfers, base money, and the issuance of public debt.

The starting point for DGE macroeconomic models is a small general equilib-
rium model, but one that includes the main macroeconomic variables of inter-
est. It is based on a single individual who produces a good that can either
be consumed or invested to increase future output and consumption. It is
commonly known either as the Ramsey (1928) model or as the representative-
agent model. This is a surprisingly useful characterization of the economy as
it permits the analysis of a number of its key features—consumption and sav-
ing, saving and investment, investment and dividend payments, technological
progress, the intertemporal nature of decisions, the nature of economic equilib-
rium, the short-run and long-run behavior of the economy (the business cycle
and economic growth), and how prices, such as real wages and interest rates,
are determined—but without having to introduce them explicitly.

The basic Ramsey model can be roughly interpreted as that of a closed econ-
omy without a market structure in which the decisions are coordinated by a
central planner. A first step toward greater realism is to allow decisions to be
decentralized. This requires us to add markets—which act to coordinate deci-
sions, and thereby enable us to abandon the device of the central planner—and
financial assets. Subsequent steps are to include a government, and hence fiscal
policy, to introduce money, and hence a distinction between real and nominal
variables, and to allow a foreign dimension (the current account, the balance of
payments, and real and nominal exchange rates). At each stage the economy is
analyzed as a general equilibrium system and the significance for the economy
of each added feature can be studied. Because it highlights individual behavior,
one of the main attractions of this approach is that it provides a suitable frame-
work for analyzing economic policy through respecting the “deep structural”
parameters of the economy, which are not usually changed by policy—unless,
of course, they are policy parameters that are changed. This too is in contrast
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to traditional macroeconomic models, like the Keynesian model, which are not
specified in terms of the deep structural parameters but by coefficients which
may be changed by policy in a manner that is unspecified, or unknown.

1.2 Traditional Macroeconomics

Views on how best to analyze macroeconomic variables such as aggregate con-
sumption, total output, and inflation have changed much in the last twenty-five
years. Under the influence of Keynesian macroeconomics, the emphasis was on
the short-run behavior of the economy, why the economy seemed to persist
in a state of disequilibrium, and how best to bring it back to equilibrium, i.e.,
how to stabilize the economy. In studying these issues, it was common for each
macroeconomic variable to be modeled one at a time in separate equations; only
then were they combined to form a model of the whole economy. The Brook-
ings macroeconometric model was constructed in exactly this way (Duesenberry
1965): in the first stage individual aggregate variables were allocated to sepa-
rate researchers and then, in the second stage, their equations were collected
together to form the complete macroeconometric model. As a result, macro-
economics tended to focus on the short-run behavior of the economy and did
S0 using a partial-equilibrium approach which led to a compartmentalization
of thought in which it was difficult to acquire an overall view of how the system
as a whole was likely to behave in response, for example, to a change in an
exogenous variable, such as a policy instrument, or to a shock. Consequently,
it was sometimes difficult to take into account the wider and longer-run effects
of policy—policies which may even have been designed to combat the shock.
There was, therefore, a tendency for policy to be too narrowly conceived and
analyzed.

The study of macroeconomics was prompted in large part by the Great
Depression—the worldwide recession of the 1930s. One of Keynes’s original
objectives in The General Theory (Keynes 1936) was to understand how such
sustained periods of high unemployment could occur. From the beginning,
therefore, interest was directed not so much to how the economic system
behaved in long-run equilibrium, but to why it seemed to be misbehaving by
generating long periods of apparent disequilibrium—in particular, departures
from full employment—and to what, if anything, could be done about this. Until
the last few years macroeconomic theory (and especially macroeconomic text-
books) has focused mainly on constructing models to explain this so-called
disequilibrium behavior in the economy with a view to formulating appropri-
ate stabilization policies to return the economy to equilibrium. The grounds for
stabilization policy are that the economic system departs from equilibrium and,
left to itself, would not return to equilibrium, or would do so too slowly. The
aim of the policy intervention is to restore equilibrium, or to return the econ-
omy to equilibrium (or close to equilibrium) more quickly. This disequilibrium
approach to macroeconomics tends to focus on individual markets and not the
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system as a whole. It also emphasizes the demand side of the economy. The
outcome was a piecemeal, partial-equilibrium approach to macroeconomics. A
corollary of the emphasis on disequilibrium was that equilibrium came to be
regarded as a special, and less important, case.

1.3 Dynamic General Equilibrium Macroeconomics

The traditional approach to macroeconomics may be contrasted with the con-
ception of DGE macroeconomics that economic agents are continuously reopti-
mizing subject to constraints with the result that the macroeconomy is always
in some form of equilibrium, whether short run or long run. According to this
view, the short-run equilibrium of the economy may differ from its long-run
equilibrium but, if stable, the short-run equilibrium will be changing through
time and will over time approach the long-run equilibrium; but the only sense
in which the economy can be in disequilibrium at any point in time is through
basing decisions on the wrong information. From this perspective, even the
view sometimes expressed that disequilibrium is a special case of DGE macro-
economics is misleading. DGE models assume that ex ante the economy is
always in equilibrium.

Although for most economies macroeconomics has retained a focus on short-
run behavior and stabilization, inspection of the path followed by gross domes-
tic product (GDP) shows that the dominant feature is the growth in the trend of
potential output; the loss of output due to recessions is almost trivial by com-
parison. This suggests that it is far more important to raise the rate of growth
of potential output through supply-side policies than to move the economy
back toward the trend path of potential output by demand-side stabilization
policies.

The origins of DGE macroeconomics lie in the work of Lucas (1975), Kyd-
land and Prescott (1982), and Long and Plosser (1983) on real business cycles.
Their aim was to explain the dynamic behavior of the economy (notably the
auto-covariances of real output and the covariances of output with other aggre-
gate macroeconomic time series) based on a competitive rational-expectations
equilibrium model that took its inspiration from models of economic growth.
The initial focus was on the role of technology shocks in generating the busi-
ness cycle. The model used by Kydland and Prescott was, in essence, the model
of Ramsey; that of Lucas included, in addition, government expenditures and
money. Subsequent work extended the model in various ways in order to exam-
ine the effects of other types of shocks. We consider the principal results of
this research in chapter 14. These issues are not, however, the sole concern of
DGE macroeconomics, or of this book.

A frequent motivation for constructing macroeconomic models, and one of
the first questions usually asked of a model, is what it implies for economic pol-
icy. (A recent discussion of the usefulness of DGE models in formulating policy
is Chari and Kehoe (2006).) Nonetheless, it is important to realize that the aim
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of macroeconomics is not just to study policy issues. There are prior questions
that should be asked, such as how the economy behaves in equilibrium, and
how it responds to changes in exogenous variables and to shocks. Finding the
answers to these questions is a sufficient reason to study macroeconomics. It is
not always necessary to search for policies that alter the equilibrium solution,
especially if we are unclear what the broader consequences might be.

Much of our analysis will be on considering what sort of factors might disturb
an economy’s equilibrium, and how the economy responds to these. They may
be changes in exogenous variables or shocks. They may be permanent or tempo-
rary, anticipated or unanticipated, real or nominal, demand or supply, domestic
or foreign, and the response of the economy may be different in each case. The
conclusions we reach are often very different from those based on traditional
macroeconomic models. Shocks may be serially uncorrelated, but the intrinsic
dynamic structure of the economy may result in them having persistent effects
on macroeconomic variables. This is the cause of short-term fluctuations in the
economy, and hence the basis of business-cycle theory.

DGE models are intertemporal. The models are forward looking. Current deci-
sions are affected by expectations about the future. As aresult, we use intertem-
poral dynamic optimization, in which people are treated as rationally process-
ing current information about the future when making their decisions. There is
a premium on obtaining the correct information and on deciding how best to
use it. These concerns are linked to the concept of rationality—another key fea-
ture of DGE macroeconomics. The willingness of macroeconomists to make the
assumption of rationality rapidly divided professional opinion into two camps.
Traditional macroeconomics was based on the assumption of myopic decision
making in which mistakes, even when realized, were often persisted in. The
central idea behind rational expectations is that people do not make persistent
mistakes once they are identified. This does not necessarily imply, as is often
assumed, that people have more or less complete knowledge—for the mistakes
are largely the result of shocks, or unanticipated information gaps. It is suffi-
cient to suppose that mistakes are not repeated. As forward-looking decisions
must be based on expectations of the future, they may be incorrect; decisions
that seem correct ex ante may not therefore be correct ex post. As previously
noted, only as a result of this type of mistake might it be appropriate to think
of the economy as being in disequilibrium.

Recent research has suggested that a policy of intervention by the govern-
ment tends to be most successful when the government has an informational
advantage over the private sector. If the private sector is able to fully antici-
pate the intervention, then the policy may be less successful. This is mostly
true when the intervention involves private rather than public goods. As the
private sector would substitute public for private goods, in effect, households
would be paying for these goods from taxes instead of after-tax income. In con-
trast, the provision of public goods leads to a net increase in output as total
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private benefits exceed total private costs. These arguments about government
expenditures apply more generally, of course, and will be developed further.

Another attraction of this intertemporal approach to macroeconomics is that
it resolves a long-standing flaw in Keynesian economics. This concerns the way
equilibrium is defined in dynamic macroeconomics. The problem goes back to
Keynes’s (1926) Treatise on Money, in which the concept of equilibrium used
was that of a flow equilibrium (savings equals investment). Keynes realized
that his formulation of equilibrium was incorrect and so he wrote The General
Theory partly in an attempt to correct this error (Keynes 1936). In Treatise on
Money, one variable (the interest rate) had the task of equilibrating two vari-
ables (savings and investment). Keynes’s solution in The General Theory was
to introduce a second variable (income). This allowed savings to be equal to
investment for any possible values of savings and investment. Unfortunately,
Keynes was still using an incorrect concept of equilibrium, namely, flow equilib-
rium. It is suggested by Skidelski (1992) that Keynes was never entirely happy
with The General Theory. Perhaps this was because he realized that he had still
not fully solved the problem of macroeconomic equilibrium.

The correct concept of equilibrium, which eluded Keynes, is that of stock
equilibrium; perhaps this was because he was principally interested in the short
run and not in long-run equilibrium. In DGE macroeconomic models individual
preferences relate to consumption (a flow variable), but equilibrium in the econ-
omy is defined with reference to capital (a stock). There are an infinite num-
ber of possible flow equilibria—sometimes called temporary (or short-term)
equilibria—but only one of these is consistent with the stock equilibrium. The
problem is how to obtain this flow equilibrium. (We show that this is usually
the unique saddlepath to equilibrium.) It is common in DGE macroeconomics
to start by deriving the stock equilibrium.

A crucial feature of the stock equilibrium is that it involves a forward-looking
component, and is not just backward looking. This introduces a vital distinc-
tion between economics and the natural sciences that in some ways makes
economics harder. Because people look forward when making decisions there
may be opportunities for others to manipulate strategically for their own ben-
efit the information on which these decisions are based. The inanimate natural
sciences, such as physics and chemistry, do not have such a forward-looking
component in their dynamic structure, and therefore do not have this strategic
dimension.

Two complaints are sometimes made about macroeconomics. The first is that
macroeconomics employs models that are far too simple to capture the full
complexity of the economy, and as a result are of dubious value. The second,
a comment made by some who are familiar with engineering, is that macro-
economic models are far too complex to be useful. The first opinion is easier
for most people to sympathize with than the second. However, engineering
has found that it is necessary to find a way of simplifying matters in order
to make progress. There may be a lesson in this for macroeconomics. It may
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provide a justification for the use of models that are designed to capture key
features of the economy while retaining their simplicity by abstracting from
unnecessary detail. The simplicity of macroeconomic models, commonly seen
as a major weakness, may therefore be a potential strength. It is true that virtu-
ally all macroeconomic policy is based on a simplified model of the economy,
and there is an obvious danger in applying the conclusions obtained from such
models to situations where the simplifying assumptions are too distorting. This
makes it advisable to take care to establish the robustness of the conclusions
to departures from the model assumptions. Nonetheless, as in engineering, the
simple models of macroeconomics can often be remarkably robust and hence
useful. DGE macroeconomic models tend to be more complex than Keynesian
models, but are still essentially highly stylized. For another view of the relation
between macroeconomics and engineering, see Mankiw (2006).

1.4 This Book

This book is organized as a sequence of steps that extend the basic model in
order to produce, by the end, a general picture of the economy that can be used
to analyze its main features. The sequence starts with the basic closed-economy
model and is followed by the introduction of growth, markets, government, the
real open economy, money, price stickiness, asset price determination, financial
markets, the international monetary system, nominal exchange rates, and mon-
etary policy. The book concludes with a discussion of the empirical evidence
on DGE models. In view of the above strictures on the advantages of using sim-
ple models, rather than retaining each added feature for each subsequent step,
thereby finishing up with a complex general model of the economy, we aim to
return to the original model as closely as we can and add the new feature to that.
In this way we aim to provide a toolbox that is suitable for understanding how
the economy works and that is useful for macroeconomic analysis, rather than
a fully specified macroeconomic model so complex that it can only be studied
using numerical methods.

Our starting point, in chapter 2, is the basic centralized DGE model for a
closed economy expressed in real terms. Its