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Preface

What can the book do for you?

As was the case for the first two editions of this book, this new edition tries to present
a balanced overview of modern macroeconomic theory. I follow two guiding princi-
ples. First, I adopt a rather eclectic approach by paying attention not just to the most
recent insights in the field but also to developments that are currently less popular.
In doing so, I hope to provide students with a better overview of current and past
debates in macroeconomic theory. History can teach us useful lessons, provided we
are willing to listen! For example, I continue to include discussions of the IS-LM
model, the adaptive expectations hypothesis, and the Solow-Swan growth model
(to mention a few). Though these theories are currently less fashionable (and, as
some economists argue, may even be “outdated”), it is my firm conviction that they
nevertheless provide important insights. For example, to fully appreciate the impor-
tance of the rational expectations hypothesis, a good understanding of the adaptive
expectations hypothesis (its immediate predecessor) is indispensable. Similarly, to
really understand the contributions made in recent years by New Keynesian Dy-
namic Stochastic General Equilibrium (DSGE) economists, it is very useful to have
a firm understanding of the IS-LM model. Also, a good grasp of the Solow-Swan
model helps in appreciating the Ramsey model and the endogenous growth models
formulated in the 1980s and 1990s. Of course, as the saying goes, “old habits die
slowly” and the IS-LM model is still used extensively even though, as Blanchard has
pointed out, many people may not even know they are using it (2000, p. 1405).

The second guiding principle concerns the expositional style of the book. In addi-
tion to introducing the different theories by verbal and graphical means, I have also
aimed to successively develop “the tools of the trade” of modern macroeconomics.
In this aspect the book is related to Allen’s (1967) marvellous macroeconomic tool-
book. So instead of only providing students with a verbal/intuitive understanding
of the material (valuable as it is), I also explain the basic modelling tricks of mod-
ern macroeconomics. Where needed the full details of both the models and their
solutions are presented. Students who have worked through the textbook (and its
accompanying manual) should have little or no problems reading the recent journal
literature in macroeconomics or building their own macro models.

How can the book be used?

Depending on the background of students, the book can be used in the undergrad-
uate and/or the graduate curriculum. Part I, consisting of Chapters 1-9, can be used
in an intermediate macroeconomics course in the undergraduate curriculum. For



vi PREFACE

example, I use Chapters 1-6 in my seven-week macroeconomics course in the third-
year of the bachelor program at the University of Groningen. Economics students
in this course have been exposed to Blanchard et al. (2013) in their first two years,
whilst econometrics students have studied Gärtner (2016) in their second year of
studies. In addition, these students have studied basic mathematical methods at the
level discussed, for example, in Hoy et al. (2011).

Parts II and III of the book consist of Chapters 10-19. They are aimed at advanced
bachelor students, first-year master students, and beginning doctoral students. In
the graduate curriculum, the book can be used as the main text in a first-semester
macroeconomics course or as a supplementary text for an advanced graduate macro
course. At the University of Groningen, for example, I use Chapters 12-15 in my
half-semester macroeconomics course in the regular masters programs. In the re-
search master courses I also cover Chapter 10 and most of Chapters 16-19. The book
is also well-suited for beginning doctoral students with no (or insufficient) previous
training in macroeconomic theory. Parts of Chapters 12-16 were used in the vari-
ous graduate courses I have taught over the years for the Netherlands Network of
Economics (NAKE), the Tinbergen Institute, CESifo, and the Institute for Advanced
Studies (Vienna).

Intermezzos

The book contains a number of so-called intermezzos. I use the term ‘intermezzo’
in an extended and unusual sense. Recall that in music an intermezzo is a com-
position that is played in between acts of a play or movements of a much larger
musical piece. In this book, the intermezzos do not make any sound but, like in
music, they are ‘small morsels in between big chunks’. They serve a number of pur-
poses. First of all, they ensure that upon first reading students are not distracted by
complex technical intricacies. Second, they allow for in-depth coverage of a number
of key results in theoretical macroeconomics. Furthermore, in combination with the
chapter appendices and the mathematical appendix at the end the book, they cover
all technicalities necessary for a sound understanding of modern macroeconomics.
Whereas the appendices are purely aimed at mathematical results, the intermezzos
focus more on the fault line between mathematics and theoretical macroeconomics.
Finally, the intermezzos serve as reference tools for readers who wish to reacquaint
themselves with things they used to know but have forgotten.

Starred sections

In this edition I have also included sections marked with a superscript star (F).
These sections contain material that is more difficult than the rest of the chapter in
which they are located. Students may choose to skip the starred material when first
reading the chapter. Upon completion of the book the successful student will find
that most (or even all) stars have become invisible.

Changes for the Third Edition

The book has been thoroughly rewritten. Compared to the second edition, it has
grown in size by about one hundred pages. The main changes are as follows.
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• The current book includes forty-seven intermezzos, of which sixteen are new.
All of these have been extensively checked and streamlined. They are num-
bered and carry an informative title. A List of Intermezzos is included in the
preamble of the book which facilitates cross-referencing. The numbering sys-
tem is as before, with the first digit denoting the chapter in which the inter-
mezzo is located. The new intermezzos are 1.1, 1.2, 5.1, 5.2, 8.2, 8.3, 9.1, 12.2,
13.3, 16.1, 17.1, 18.1, 18.2, 19.1, 19.2 and 19.3.

• The new Chapter 2 deals exclusively with the open economy. It follows logi-
cally from the first chapter and contains material from Sections 1 and 2 of the
old Chapter 10.

• Chapter 3 is a rewritten version of the old Chapter 2.

• Chapter 4 has been renamed to better reflect its contents. It contains a rewritten
version of the old Chapter 4 as well as Section 3 (on the Dornbusch model) from
the old Chapter 10.

• Chapter 5 is an expanded and rewritten version of the old Chapter 3. It now
includes a small open economy model and explains the Dynare software pack-
age that can be used to solve rational expectations models.

• Chapter 6 is a lightly rewritten version of the old Chapter 5.

• Chapter 7 is a thoroughly edited and shortened version of the old Chapters
6 and 7. It also contains some new material on union- and efficiency-wage
models in general equilibrium.

• Chapter 8 is an expanded version of the old Chapter 8. It now contains a section
on endogenous job destruction.

• Chapter 9 has been renamed to better reflect its contents. In addition it has been
expanded and now includes a discussion of dynamic inconsistency of individ-
ual choices resulting from present-biased (or quasi-hyperbolic) preferences.

• Chapters 10 and 11 are lightly edited versions of the old Chapters 11 and 12.

• The old Chapter 12 (on exogenous growth) has been split into two much ex-
panded chapters. The new Chapter 12 deals exclusively with Solow-Swan style
growth models. It has been expanded somewhat and now also features a sec-
tion of the two-sector Meade-Uzawa model.

• Chapter 13 contains Sections 13.5–13.7 from the old Chapter 13. In addition
it has been expanded dramatically. It now includes models with endogenous
labour supply (using material from the old Chapter 15), search unemployment,
and money balances entering the felicity function. This is the pivotal chapter
in the book as the Ramsey-Cass-Koopmans model that it covers in all its guises
plays a central role in the material that follows from there on.

• Chapter 14 is a lightly edited version of the old Chapter 14. Similarly, Chapters
15 and 16 are lightly edited versions of the old Chapters 16 and 17.

• Chapter 17 is brand new. It provides a brief (and mostly intuitive) discussion of
the method of dynamic programming (DP). In addition it introduces the con-
cept of complete markets and shows how one can construct a “representative
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agent” in such a setting. Whilst a deep knowledge of DP is not really essential
to understand Chapters 18–19, it is indispensable if one wants to proceed to
the more advanced literature in macroeconomics, e.g. the graduate textbook
by Ljungqvist and Sargent (2012).

• Chapter 18 is the first chapter on the DSGE approach. It contains material from
the old Section 15.5. It has been edited thoroughly and now includes discus-
sions of the stochastic discount factor and shows how DSGE models can be
simulated with the aid of the Dynare software package (introduced in Chapter
5).

• Chapter 19 is brand new. It contains a thorough discussion of the New Keyne-
sian DSGE approach and finishes with a brief assessment of the state of the art
at the time of writing. This assessment replaces the Epilogue from the second
edition.

Visible means of support

It somehow seems impossible to produce a book of this size without generating (free
of charge) some typos and errors. Needless to say, all such errors and typos will be
published as I become aware of them. I will make the errata documents available
through the website for the book:

http://www.heijdra.org/fomm3

So please let me know about any typos and/or errors that you may spot. This is what
you can do for the book! The contact address is: info@heijdra.org. As a (weak
substitute for a) reward, I will mention your name prominently on the website (as
having contributed to the public good). Of course, your name will also feature in the
Acknowledgements section in any future edition of the book.

The website also includes ready-to-use slides for all chapters in PDF format.
Teachers who wish to adapt these slides to their own purpose or software platform
can download the LATEX 2ε code and all figures (in EPS and EMF formats) and pro-
ceed from there.

I have updated and streamlined the accompanying Exercise and Solutions Manual
which is published by Oxford University Press. This hands-on exercise book con-
tains a large number of problems plus model answers. These problem sets allow the
interested student to further develop his/her skills.
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Intermediate macroeconomics





Chapter 1

Review of the AD-AS model

The purpose of this chapter is to achieve three goals:

1. To (partially) refresh and extend the macroeconomic knowledge from first-year
courses.

2. To investigate the effectiveness of monetary and fiscal policy on output, em-
ployment, the interest rate, and the price level.

3. To introduce the most important past and current schools of thought in macro-
economics.

In order to achieve these goals, we first have to discuss some elementary concepts
relating to the aggregate labour market and the demand for money. It turns out that
the most important differences of opinion between (most varieties of) Classical and
Keynesian economists can be traced back to their respective assumptions regarding
the labour market, expectation formation, and money demand.

1.1 The aggregate labour market

Our discussion of the labour market in this chapter is very basic. In Chapters 7–8
we return to this important topic in more detail. The stylized account of the labour
market uses the devices of the aggregate demand for and supply of labour.

1.1.1 The demand for labour

The central element in the basic theory of labour demand is the production func-
tion. Perfectly competitive profit-maximizing entrepreneurs utilize this production
function under the restriction that the capital stock is given in the short run. The
production function is thus given by:

Y = F(N, K̄), (1.1)

where Y is real output, K̄ is the given capital stock (machines, PCs, cars), N is the
amount of labour employed, and F(N, K̄) is the production function. The margi-
nal products of labour and capital are denoted by FN ≡ ∂F(N, K̄)/∂N and FK ≡
∂F(N, K̄) /∂K̄, respectively. Furthermore, we assume that the marginal product of
labour (capital) declines as employment (capital) is increased, i.e. FNN ≡ ∂2F(N, K̄)/
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∂N2 < 0 (FKK ≡ ∂2F(N, K̄)/∂K̄2 < 0). Too many cooks in the kitchen spoil the
broth. We also assume that the factors are cooperative in the sense that increasing
one factor raises the marginal productivity of the other factor (∂2F(N, K̄)/∂K̄∂N ≡
FKN = FNK ≡ ∂2F(N, K̄)/∂N∂K > 0). The use of robot mixers in the kitchen thus en-
hances the productivity of the cooks. Finally, we assume constant returns to scale so
that doubling all factors of production induces a doubling of output. More precisely,
F(λN, λK̄) = λF(N, K̄) with λ any positive constant.

Short-run profits are defined as revenues minus the wage bill:

Π ≡ PY−WN, (1.2)

where Π is nominal profit, P is the price charged by the firm, and W is the nominal
wage rate. In words, all revenue (PY) that is not paid to the variable production
factor labour in terms of wages (WN) is considered profit, which is the reward that
accrues to the owners of the capital stock (note that we ignore taxes for the moment).

We assume perfect competition on the aggregate goods market, so that the indi-
vidual firm cannot exert any influence on the price it charges for its product. Hence,
the only choice that is open to the firm (in the short run) is to determine the amount
of production (Y) and employment (N) such that profit is maximized. By substitut-
ing the production function in the profit definition, we see that once employment
is chosen, output is also automatically chosen. The problem for the firm is thus to
choose N to maximize Π:

max
{N}

Π ≡ PF(N, K̄)−WN. (1.3)

The firm can do no better than to follow the following decision rule:

dΠ
dN

= 0: PFN(N, K̄)−W = 0, (1.4)

where the second-order condition implies that (1.4) describes a maximum: d2Π/dN2

= PFNN < 0 (because P > 0 and FNN < 0 by assumption). The interpretation of (1.4)
is clear; the firm should keep expanding its employment up to the point where the
marginal unit of labour exactly breaks even (in the sense that the additional output
produced by the marginal worker yields a revenue that exactly covers the wage that
is paid to the worker). In terms of Figure 1.1, the profit maximum occurs at point A.
(At points B and C the firm makes no profits.)

The decision rule (1.4) is a vitally important element in the macroeconomic labour
market story. It is also relatively uncontroversial: virtually all macroeconomists be-
lieve in some version of equation (1.4). We can easily transform (1.4) into the demand
for labour, a schedule which shows how much labour a firm wants to hire for a given
real wage rate. Formally, we can view equation (1.4) as an implicit relationship be-
tween ND (the superscript “D” stands for demand) on the one hand and the real
wage, W/P, and the given capital stock, K̄, on the other. The partial derivatives
of this implicit relationship can be obtained by using the trick of implicit functions.
First, we totally differentiate equation (1.4):

dFN(ND, K̄) = d(W/P) ⇒ FNNdND + FNKdK̄ = d(W/P), (1.5)

or, after rearranging terms:

dND = − FNK
FNN

dK̄ +
1

FNN
d(W/P). (1.6)
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Figure 1.1: Short-run profit maximization
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Since FNN < 0, the marginal product of labour falls as more units of labour are em-
ployed. As a result, equation (1.6) states that a higher real wage (d(W/P) > 0)
diminishes the demand for labour (dND < 0) ceteris paribus (i.e. holding K̄ con-
stant). Hence, 1/FNN in equation (1.6) can be interpreted as the partial derivative of
the implicit function between ND and (W/P, K̄) with respect to the real wage, W/P.

The partial derivative with respect to the capital stock is obtained in a similar
fashion (and is equal to −FNK/FNN > 0). Since labour and capital are coopera-
tive factors of production, increasing the capital stock raises the marginal product
of labour. For a given real wage rate, the profit-maximizing firm thus hires more
labour.

In summary, we can write:

ND = ND(W/P, K̄) ND
W/P ≡

1
FNN

< 0, ND
K̄ ≡ −

FNK
FNN

> 0. (1.7)

In terms of Figure 1.2, varying the real wage rate implies a movement along a given
demand for labour curve, whilst increasing the capital stock shifts the demand curve
to the right. A higher cost of labour or a lower capital stock necessitates a higher
marginal productivity of labour and thus a lower demand for labour.

Intermezzo 1.1

The Cobb-Douglas production function and labour demand. In this
intermezzo we discuss an often-used two-factor production function fea-
turing constant returns to scale. The Cobb-Douglas function can be writ-
ten as:

F(N, K) ≡ Z0KαN1−α, 0 < α < 1, (a)

where α is an efficiency parameter and Z0 is a scaling factor. Several
things are worth noting. First, it is easy to verify that this function fea-
tures constant returns to scale:

F(λN, λK) = Z0 (λK)α (λN)1−α = λα+1−αZ0KαN1−α = λF(N, K). (b)

Second, the marginal products of labour and capital are both positive:

FN(N, K) = (1− α)Z0

(
K
N

)α

> 0, (c)

FK(N, K) = αZ0

(
K
N

)−(1−α)

> 0. (d)

Third, each factor features diminishing marginal productivity, and the
factors are cooperative:

FNN(N, K) = −α(1− α)Z0

(
K
N

)α 1
N

< 0, (e)

FKK(N, K) = −α(1− α)Z0

(
K
N

)−(1−α) 1
K

< 0, (f)

FNK(N, K) = α(1− α)Z0

(
K
N

)α 1
K

> 0. (g)
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Figure 1.2: The demand for labour

Fourth, for a given capital stock K̄ the competitive labour demand func-
tion can be written as:

ND =

(
(1− α)Z0

w

)1/α

K̄, (h)

where w ≡ W/P is the real wage rate. The (absolute value of
the) wage elasticity of labour demand—defined in general as εD ≡
−FN(N, K̄)/(NFNN(N, K̄))—thus equals εD = 1/α for the Cobb-Douglas
production function. Fifth, provided labour is paid its marginal product,
the labour income share in production is constant, i.e. wN/F(N, K) =
1− α.

****

1.1.2 The supply of labour

In the previous section we implicitly assumed that firms can freely observe the ac-
tual values of the price level and the wage rate (P and W). This is realistic enough,
because all the individual firm must do is to observe its own price and the wage paid
to its own workers.

Matters are somewhat more complicated for the households, who are the suppli-
ers of labour in our stylized account of the labour market. Indeed, in the decision
about goods consumption and labour supply, the households may know their own
nominal wage (W) with certainty, but they may not know how much they can ac-
tually consume with that wage. The household has to estimate the price of a whole
basket of goods, a task inherently more difficult than the one facing the individual
firm. The simplest way to introduce this asymmetry in information is to assume that
the household forms a guess about the aggregate price level, denoted by Pe (where
the superscript “e” stands for expected).
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The household derives utility from goods consumption (denoted by C) and leisure
(1−NS). The household “owns” one unit of time, of which NS units are spent work-
ing, so that time available for leisure is equal to 1− NS. We write the utility function
in general terms as U(C, 1−NS) and assume positive but diminishing marginal util-
ities: UC > 0, U1−N > 0, UCC < 0, and U1−N,1−N < 0. Some extra consumption of
goods and leisure is fun, but less so if you already consume a lot or have plenty of
spare time to enjoy. In addition, we assume that indifference curves bulge toward
the origin, i.e. UCCU1−N,1−N −U2

C,1−N > 0.
The household chooses that combination of C and 1− NS for which the highest

possible satisfaction is attained (as measured by U(·, ·) ), given the expected price
level, Pe, and the (expected) budget restriction PeC = WNS. We assume that the
household has no sources of income other than wages. Formally, we can thus write
the problem for the household as follows:

max
{C,NS}

U ≡ U(C, 1− NS) subject to PeC = WNS. (1.8)

This problem looks rather prohibitive, but we can make it easier by substituting the
level of consumption implied by the budget restriction (C = (W/Pe)NS) into the
utility function. The household then only has to choose the level of labour supply:

max
{NS}

U ≡ U
(
(W/Pe)NS, 1− NS

)
. (1.9)

This yields a straightforward decision rule for the household:

dU
dNS = 0 : (W/Pe)UC −U1−N = 0. (1.10)

The first term on the left-hand side (i.e. (W/Pe)UC) measures the marginal benefit
of supplying one extra unit of labour to the labour market. By working more, the
household obtains more income, especially if the real wage is high, and hence more
consumption. The second term (i.e. U1−N) measures the marginal cost of that extra
unit. By supplying more labour, the household misses out on valuable leisure time.
In an optimum the household sets the marginal benefit equal to the marginal cost of
supplying an additional unit of labour.

In principle we could now proceed by investigating what happens to labour sup-
ply and consumption if the expected real wage rate is varied. Mathematically this is
slightly more involved than for the labour demand equation, so that we first derive
the basic intuition concerning labour supply by graphical means. (The mathematical
derivation of labour supply is given in Chapter 7.)

In Figure 1.3 we plot consumption on the vertical axis and leisure on the horizon-
tal axis. The initial expected real wage is (W/Pe)0, and the budget line goes through
C̄0 (≡ (W/Pe)0) on the C-axis, and 1 on the (1−NS)-axis. The optimal consumption-
leisure choice occurs at the point where an indifference curve has a tangency with
the budget line. This occurs at point E0, where consumption is C0, leisure is 1− NS

0 ,
and the level of utility is U0. By plotting the implied value of labour supply, NS

0 ,
against the expected real wage rate in Figure 1.4, we obtain the first point on the
labour supply curve.

Suppose now that the expected real wage is a bit higher, say (W/Pe)1. In terms
of Figure 1.3 this implies that the budget line rotates in a clockwise fashion around
the intersection point on the leisure axis. The new intersection on the consumption
axis is at C̄1 (≡ (W/Pe)1). For the case drawn, the new optimum choice occurs at
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Figure 1.3: The consumption-leisure choice

point E1, which lies above and to the left of the initial point E0. Consumption is C1,
leisure is 1−NS

1 , and the level of utility is U1. By plotting the implied value of labour
supply, NS

1 , against the real wage rate in Figure 1.4, we obtain the second point on
the labour supply curve. By connecting the two points we obtain the labour supply
schedule, labelled NS (W/Pe), which for the case drawn slopes upward.

Unlike the labour demand curve, which always slopes downwards, the slope
of the labour supply curve is not necessarily positive. The reason is that there are
two, potentially offsetting, effects that confront the household when the expected
real wage rises. The first effect is called the pure substitution effect. To determine this
effect, we ask ourselves what combination of consumption and leisure the house-
hold would choose at the higher expected real wage if it were somehow restricted
to remain at the initial level of utility U0. In Figure 1.3, we see that the household
would choose point E′, where consumption is CC, leisure is 1− NS

C, and labour sup-
ply is NS

C (the subscript “C” stands for compensated). The move from the initial
point E0 to the (hypothetical) compensated point E′ constitutes the pure substitution
effect (i.e. SE). Intuitively, the pure substitution effect says that a household will buy
less of anything for which the price has risen. A rise in the expected real wage rate
means that the price of leisure has gone up. Consequently, the household buys less
of it. This gives us an interesting result: the compensated labour supply curve is always
upward sloping (see NS(W/Pe, U0) in Figure 1.4).

The second effect is called the income effect. It says that, for a given initial level
of labour supply NS

0 , a higher expected real wage implies a higher expected real in-
come, or, (W/Pe)1NS

0 > (W/Pe)0NS
0 . Provided leisure is a normal good the house-

hold would react to this higher income by purchasing more leisure, not less. Hence,
the income effect (i.e. IE), which is represented by the move from point E′ to E1,




