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Preface

These slides serve as lecture notes for an intermediate macroeconomics course that closely
follows Kurlat (2020). Relative to the material covered in the book it adds a few topics, mostly
in chapters A, B and C.

Teaching material prepared by Martín Gonzalez-Eiras (University of Bologna) inspired parts
of chapters A and C. See Niepelt (2019) for an advanced treatment of macroeconomic models
at the MA/first year PhD level and www.niepelt.ch for related material. See Ljungqvist and
Sargent (2018) for an even more advanced treatment.

DN, September 2023
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1 GDP

1.1 GDP Accounting

Gross domestic product (GDP) records value of production

Measurement: Three approaches

• Production

• Income

• Expenditure
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Kurlat (2020)
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Expenditure approach

• Y = C + I + G + X−M

• GDP, consumption, investment, public goods/services, ex-
ports, imports

Production approach

• Value added rather than sales, to avoid double counting

Depreciation

• “Gross” = before depreciation

• Depreciation recorded as income component
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GDP neglects nonmarket activities, important in economies with
large informal sectors

Useful examples in book
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1.2 Making Comparisons

Inter temporally, need to account for price changes

• Real GDP growth reflects nominal growth (valued at cur-
rent prices) corrected for inflation

• Complicated when prices change asymmetrically

Across borders, need to account for different currencies

• Exchange-rate based adjustments do not fully reflect pur-
chasing power differences

• Valuation of foreign goods, services at domestic prices works

• Side product: Purchasing Power Parity (PPP) exchange rate
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The Economist, 2017
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Double checking GDP growth statistics

The Economist, 2022
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2 Beyond GDP

GDP is incomplete measure of living standards

2.1 The Human Development Index

Average of life expectancy, education, income indices

Highly correlated with GDP per capita
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2.2 Beyond GDP

Jones and Klenow (2016) propose measure more firmly grounded
in economic theory, accounting for

• Consumption (public, private, not production)

• Leisure, consumption of nonmarket production

• Life expectancy

• Inequality
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Stipulate utility function

u(c, l, a) ≡ E

[(
ū +

c1−σ

1− σ
− θ(1− l)2

)
a

]
, σ > 0

Consumption, leisure/nonmarket activity time share, being alive

Compare country X, US based on equivalent variation λX

u(λXcX, lX, aX) = u(cUS, lUS, aUS)

Expectation reflects veil of ignorance, accounts for cross-household
consumption variability

Concavity of u with respect to c (governed by σ) reflects aversion
to risk, inequality
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Jones and Klenow (2016) back out ū, σ, θ from observed choices

Feed data on c distribution, l, a for X, US

Solve for λX

u(λXcX, lX, aX) = u(cUS, lUS, aUS)
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Findings

• GDP per capita highly correlated with λ

• Western Europe does better than what GDP suggests, due
to life expectancy, leisure, low inequality

• Rich East Asia, Kuwait do worse than what GDP suggests,
due to low consumption relative to GDP

• Sub-Saharan Africa does worse than what GDP suggests,
due to life expectancy, inequality
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3 Basic Facts about Economic Growth

3.1 The Very Long Run

Low GDP per capita for centuries, barely above subsistence

Industrial revolution in 19th century, shift from agriculture to
industry
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3.2 The Kaldor Facts

Kaldor (1957) observes “stylized facts”

• Constant GDP-per-capita growth, 1.5% annually in US

• Constant capital-to-GDP ratio, 3.2 on annual basis in US

• Constant capital, labor shares, 1/3 vs. 2/3 in US

• Constant return on capital (follows from #2, #3)
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3.2. The Kaldor Facts

Fig. 3.2.1: GDP per capita
in the US. Source: Bolt et al.
(2018).

remained more or less constant over time at about 3.2. This means that the total value of all the capital

that the US economy has accumulated is about the same as the economy produces in 3.2 years.

Fig. 3.2.2: Capital-to-output
ratio in the US. Source: Feen-
stra et al. (2015).

3. The shares of labor and capital income in GDP are constant

Recall from Chapter 1 the income method of measuring GDP. Let's take a simpli�ed view of the types

49

Kurlat (2020)
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3.3 Growth Across Countries

Conditional on GDP per capita in 1960

• Rich countries subsequently exhibited similar growth rates

• Poor countries did not; some caught up, others stagnated
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4 The Solow Growth Model

Simple model to think about growth, due to Solow (1956)

4.1 Ingredients of the Model

Production function, Y = F(K, L)

• Constant returns to scale, F(λK, λL) = λF(K, L) ∀ λ > 0

• Positive marginal products, FK(K, L), FL(K, L) > 0

• Diminishing marginal products, FKK(K, L), FLL(K, L) < 0

• Inada conditions, lim
K→0

FK(K, L) = ∞, lim
K→∞

FK(K, L) = 0, etc.
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Example: Cobb-Douglas production function, Y = KαL1−α

Y = K↵L1�↵

↵

↵ = 0.35

n Lt+1 = (1 + n) Lt

L

Kurlat (2020)
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Population and labor supply, Lt+1 = (1 + n)Lt

• Constant population growth rate, n

• Labor force = population

Consumption and investment, Y = C + I

• Closed economy (X = M = 0 ⇒ S = I)

• No government (G = 0)

• Exogenous savings rate, S/Y ≡ (Y− C)/Y = s ⇒ I = sY

Depreciation and capital accumulation, Kt+1 = (1− δ)Kt + It

• Constant depreciation rate, δ
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4.2 Mechanics of the Model

Normalize output, using constant returns to scale

y ≡ Y
L
=

F(K, L)
L

= F
(

K
L

, 1
)
≡ f

(
K
L

)

Normalize capital accumulation, letting kt ≡ Kt/Lt

kt+1− kt =
s f (kt)− (δ + n)kt

1 + n
, ∆kt ↑ in s, ↓ in δ, n

Convergence to (stable) steady state, kss, f (kss)

∆kt ≶ 0 ⇔ s f (kt) ≶ (δ + n)kt
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�k k

kss k = kss

k = kss

yss = f(kss)

k < kss sf(k) > (�+n)k k k > kss sf(k) < (�+n)k

k k

lim
t!1

kt = kss

lim
t!1

yt = f (kss)

k kss

Kurlat (2020)
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Increase in s (left), n (right): Level, not growth effects (p.c.)

k y L K = kL

Y = yL

kss

yt = k↵t Lt

�kt+1 =
sk↵t � (� + n) kt

1 + n

0 =
sk↵ss � (� + n) kss

1 + n

kss =

✓
s

� + n

◆ 1
1�↵

yss =

✓
s

� + n

◆ ↵
1�↵

sf (k)

kss sf (k) >

Kurlat (2020)
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Increase in productivity: Level, not growth effect (p.c.)

(� + n) k

k0
ss y0

ss

(� + n) k

kss sf (k) < (� + n) k

f (k) sf (k) kss

sf (k) > (� + n) k

k

k

Kurlat (2020)
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4.3 The Golden Rule

Which savings rate maximizes steady-state consumption?

css = (1− s) f (kss)

Or, which steady-state capital stock maximizes css?

css = f (kss)− (δ + n)kss

Golden rule capital stock, kgr, solves

f ′(kgr) = δ + n

(kgr implies maximizing s)

positive and negative effect of s
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4.4 Markets

What are equilibrium factor prices if firms produce output?

Competitive (price taking), profit maximizing firms rent K, L
from households, produce output

max
Ki,Li

F(Ki, Li)− wLi− rKKi

Market clearing, ∑
i

Ki = K, ∑
i

Li = L

Optimality, market clearing, constant returns to scale imply

rK = FK(Ki, Li) = FK(K, L) = f ′(k)
w = FL(Ki, Li) = FL(K, L) = f (k)− k f ′(k)
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Pure firm profits equal zero in competitive equilibrium, due to
constant returns to scale

profiti = F(Ki, Li)− wLi− rKKi
= F(Ki, Li)− FL(Ki, Li)Li− FK(Ki, Li)Ki ≡ 0

Return on investment determines interest rate, rt+1

unit of investment at t yields 1− δ + rK
t+1 at t + 1

⇒ rt+1 = rK
t+1− δ = f ′(kt+1)− δ
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4.5 Technological Progress

For long-term per-capita growth, introduce technological progress
Yt = F(Kt, AtLt)

At+1 = (1 + g)At

Normalizing by labor in efficiency units, AL, rather than L yields

k̄t+1− k̄t =
s f (k̄t)− (δ + n + g)k̄t

1 + n + g
(letting ng ≈ 0)

Previous characterization of steady state directly extends
s f (k̄ss) = (δ + n + g)k̄ss

In steady state, constant k̄ss, ȳss but growing (at rate g) per-capita
output, consumption, capital
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5 Confronting Theory and Evidence

Comparing Solow (1956) model with data

5.1 The Kaldor Facts Again

Kaldor (1957) Solow (1956)

• Constant GDP-per-capita growth success, exogenous

• Constant capital-to-GDP ratio success

• Constant capital, labor shares success

• Constant return on capital (follows from #2, #3)
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5.2 Putting Numbers on the Model

Assume Cobb-Douglas production function, Y = Kα(AL)1−α,
implying labor share L · (∂Y/∂L)/Y = 1− α

Calibration for US

• α = 0.35 (labor share ≈ 0.65)

• g = 0.015 (per-capita growth post 1800)

• n = 0.01 (population growth post 1950)

• δ = 0.04 (average across types of capital)

• s = 0.20 (investment rate, assuming closed economy)
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Implies realistic capital-output ratio

Kss

Yss
=

k̄ss

f (k̄ss)
=

s
δ + n + g

≈ 3.08

But very high interest rate, close to real-world equity return (risky)

r = f ′(k̄ss)− δ = α
f (k̄ss)

k̄ss
− δ ≈ 7.38%
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Increase in s from 0.20 to 0.25: Slow transition

K
L

Kurlat (2020)
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5.3 The Capital Accumulation Hypothesis

Why cross-country y variation? Conjecture: Same F, A, not k

Implies convergence (for simplicity, let n = g = 0)

yt+1− yt

yt
≈ f ′(kt)(kt+1− kt)

f (kt)
=

f ′(kt)(s f (kt)− δkt)

f (kt)
= s f ′(kt)− δα

Previously (ch. 3), found no empirical support (stronger support
with population weighting (China, India effect), within US, EU)

Also, y differences implied by k differences do not match data

Also, rK differences implied by y differences do not match data

⇒ Conjecture of same F, A appears not to hold up
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Kurlat (2020)
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5.4 Growth Accounting

Decompose GDP growth, assuming Yt = F(Kt, Lt, At)

gYt ≈
FK(·)Kt

F(·)︸ ︷︷ ︸
capital share

gKt +
FL(·)Lt

F(·)︸ ︷︷ ︸
labor share

gLt +
FA(·)At

F(·) gAt
︸ ︷︷ ︸

Solow residual, TFP growth

Implications

• Fast growth in USSR in 1960s reflected investment, not TFP

• Ditto for some East Asian “tigers” in 1990s

• China?
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5.5 Where Do TFP Differences Come From?

Human capital (identification problem!)

• Years of schooling (wage valued) improve model fit

Geography

• Moderate climate benefits agriculture, health

Institutions (identification problem!)

• Democracy, rule of law, . . . (settler mortality instrument)

Efficient resource allocation (identification problem!)

• Barriers to entry, credit constraints, management style
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Kurlat (2020)
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A Endogenous Growth, Inequality, Global Warm-
ing

A.1 Endogenous Growth

Endogenous long-term per-capita growth due to bounded marginal
product of capital

Example: Ak model

Y = F(K, L) = AK (letting L = 1, n = 0, g = 0)
⇒ FK(K, L) > 0, FKK(K, L) = 0

Permanent (positive or negative) capital accumulation

kt+1− kt = sAkt− δkt ≶ 0 ⇔ sA− δ ≶ 0
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Example: Externalities (Romer, 1986)

Yi = F(Ki, 1) = AKα
i (FKK < 0 at firm level for given A)

A = Ā · (Mean[Kj])
1−α (externality across firms)

⇒ F(Ki, 1)|Ki=Kj = ĀKi (in equilibrium Ak structure)
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A.2 Inequality

US income tax data (Piketty and Saez, 2003)

• Income share of top 10%, top 1% declined after WWII

• Reverted around 1980

Similar results for other but not all countries
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Piketty and Saez (2014)
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Abb. 2  Anteile der einkommensstärksten 10% im internationalen Vergleich, 1913–2013

  Frankreich (ohne Kapitalgewinne)   
  Deutschland (ohne Kapitalgewinne)     
  Deutschland (inkl. Kapitalgewinne) 

  Schweiz (ohne Kapitalgewinne)     
  USA (ohne Kapitalgewinne)
  USA (inkl. Kapitalgewinne)

Quelle: WID (World Wealth and Income Database).

 1913 1923 1933 1943 1953 1963 1973 1983 1993 2003 2013

 Top-5%      Top-10%      Top-20% 

Quellen: Daten für Top-5% und Top-10% aus Dell et al. (2007) sowie Föllmi und  Martínez (2017); Daten online verfügbar in der World 
Wealth and Income Database. Daten für Top-20% aus der Statistik der direkten Bundessteuer, ESTV, eigene Berechnungen (Daten erst 
ab 1971 vorhanden).
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Abb. 3 Anteil am Gesamteinkommen der reichsten 5 bis 20%, 1933–2010
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immer noch höher als im obersten Dezil. 
Der wirtschaftliche Aufstieg von ganz 
unten scheint also etwas wahrscheinlicher 
zu sein als der wirtschaftliche Abstieg von 
ganz oben. Die Wahrscheinlichkeit, es 
von ganz unten nach ganz oben zu schaf-
fen, ist gleich hoch, wie von einem Abstieg 
von ganz oben nach ganz unten betroffen 
zu sein, und ist mit 3% vergleichsweise 
gering. Viel wahrscheinlicher sind kurze 
Distanzen in benachbarte Dezile. So ist 
die Gesellschaft denn auch in der Mitte 
durchlässiger als an den Rändern der Ein-
kommensverteilung.24

Diese Erkenntnisse decken sich mit Resul-
taten zur Einkommensmobilität aus 

andern Ländern, für welche es vergleich-
bare Studien gibt, insbesondere die 
USA.25 Aufgrund unterschiedlicher Ein-
kommenskonzepte und Datengrundlagen 
sind die Resultate zwar nur bedingt 
direkt miteinander vergleichbar. Typisch 
sind jedoch drei Merkmale: Erstens ist 
die Mobilität ganz oben und ganz unten 
in der Einkommensverteilung geringer als 
in der Mitte. Zweitens sind Bewegungen 
ins Nachbarsdezil sehr viel wahrschein- 
licher als Mobilität über viele Einkom-
mensklassen hinweg. Drittens zeigt sich 
eine gewisse Asymmetrie in der Persis-
tenz am oberen und unteren Ende der 
Einkommensverteilung: In vergleichba-
ren Studien, welche ebenfalls auf Steuer-

20
01

2010

Dezile der Einkommensverteilung, 25- bis 64-Jährige (2001, d.h. Jahrgänge 1937–1976), 2001 bis 2010 ununterbrochen im Kanton 
Zürich Steuerpflichtige, Werte in Zeilenprozenten. Die Dezilsabgrenzungen (steuerbares Einkommen in 1000 Franken) sind auf der 
Basis 2010 kaufkraftbereinigt.

Lesehilfe: 43% der Steuerpflichtigen, welche 2001 zum untersten Zehntel der Einkommensverteilung gehörten (D1), waren auch 2010 
auf demselben Rang; 10% sind vom ersten ins dritte Dezil aufgestiegen. 

Quelle: Moser (2013), eigene Darstellung.

Einkommensversteilung in Dezilen

Abb. 13   Mobilitätsmatrix Kanton Zürich
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Föllmi and Martínez (2017)
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UBS Center Public Paper Die Verteilung von Einkommen und Vermögen in der Schweiz

die Attraktivität der Schweiz für Topver-
diener und multinationale Unternehmen, 
was sich schon in den hohen Anteilen der 
Top-0,1% und Top-0,01% der Einkom-
men äussert. Dies manifestiert sich in 
sehr hohen Vermögensanteilen dieser 
international erfolgreichen Personen. 
Abbildung 16 zeigt aber auch eindrück-
lich die anhaltende politische Stabilität 
der Schweiz. Vermögen sind ein viel länger- 
fristiger Indikator als Einkommen, weil 
sie über mehrere Jahrzehnte durch 

Ersparnisse und Kapitalgewinne gebildet 
werden. Die Absenz von Kriegen und 
den damit verbundenen wirtschaftspoliti- 
schen Umwälzungen liess den Anteil des 
Top-1% über ein ganzes Jahrhundert nie 
einbrechen – im Gegensatz zu den Ver-
gleichsstaaten.

Unter den sehr Reichen ergab sich aber 
jüngst eine Verschiebung, so konnten die 
Top-0,1% der Vermögendsten ihren 
Anteil am Gesamtvermögen auf ein neues 

 1913 1921 1929 1937 1945 1953 1961 1969 1977 1985 1993 2001 2009

Quelle: Föllmi und Martínez (2017). 

 Top-10%     Top-1%  Top-0,1%  
 Top-10% inkl. Rentenvermögen (durch.)     Top-1% inkl. Rentenvermögen (durch.)  Top-0,1% inkl. Rentenvermögen (durch.)
 Top-10% inkl. Rentenvermögen (prop.)    Top-1% inkl. Rentenvermögen (prop.)  Top-0,1% inkl. Rentenvermögen (prop.)

Anteil am Gesamtvermögen in %

Abb. 17 Vermögensanteile der Reichsten 10%, 1% und 0,1%
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# small cuts = 294, # small hikes = 175, # large cuts = 34, # large hikes = 6, N = 1020, cantons: 26, years: 1976 - 2015.
Model includes canton and time FE, canton-specific trends, lags and leads of log top net-of-inheritance-tax and top net-of-income-tax rates.
90% confidence intervals, SEs clustered at canton level. Dependent variable: top 0.1% wealth share; average in estimation sample: 15.9%.

Figure 8: Cross-canton event study, top 0.1% wealth share

reforms is insignificant). This needs to be compared to an average top 1% wealth share of
roughly 34% in our estimation sample.

Figure 8 shows the corresponding results for the top 0.1% wealth share. In this case, the
effects of wealth tax reforms display the same sign but are slightly bigger, notably when
put in relation to the average top 0.1% wealth share of 16% across time and cantons. This
suggests that the effect of wealth taxation on wealth inequality is concentrated at the very
top of the distribution. Indeed, our estimated coefficients for the top 0.01% (not shown) are
of a similar absolute magniture (and thus twice as large relative to the baseline wealth share
of that group of 8%), whereas the event study model with the top 10% wealth share as the
dependent variable produces insignificant results.9

Of course, these results cannot necessarily be given a causal interpretation since tax pol-
icy decisions at the cantonal level could in principle have been anticipatory in nature or part
of broader tax reforms. However, the insignificant pre-trends up to 4 years prior to a wealth
tax reform reduce such potential endogeneity concerns. Tables 2 and 3 in the Appendix con-
tain the regression coefficients and standard errors (for the event study models with the top
1% and top 0.1% wealth share as the dependent variable, respectively), including γj corre-
sponding to the control variables Xi,t−j, namely the top marginal income and the average
estate net-of-tax rates.

9We obtain similar results when using the local Pareto parameter of the wealth distribution instead of top
wealth shares as the dependent variable.

15

Marti et al. (2023)
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Inequality and growth

• Inequality coupled with frictions prevents efficient invest-
ment, undermines growth

Example: University admission subject to credit constraints

• Inequality lets insiders buy political influence, helps pre-
vent entry of competitors, undermines growth

• Inequality reduction via taxes, transfers distorts choices, un-
dermines growth

Example: Labor income tax reduces labor supply, incentive
to study
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A.3 Global Warming

Carbon emissions raise temperatures over long periods

Long-term effects on growth, quality of life

• Negative for some, positive for others

• SwissRe Institute report predicts 10% output loss by 2050 on
current trajectory (failure to meet Paris Agreement targets)

• Dispute about quantitative relevance: Is 10% a lot?

Avoidance vs. adaptation

CO2 price, climate clubs, innovation (Nordhaus, 2019)

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 66 A Endogenous Growth, Inequality, Global Warming

https://www.swissre.com/dam/jcr:e73ee7c3-7f83-4c17-a2b8-8ef23a8d3312/swiss-re-institute-expertise-publication-economics-of-climate-change.pdf


A.4 Further Readings

See, e.g., Acemoglu (2009), Niepelt (2019, ch. 6.1.3, 6.2.2)
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6 Consumption and Saving

6.1 The Keynesian View of Consumption

C = c(Y), c′(Y) < 1
Or alternatively

C = c(Y),
c′(Y)/c(Y)

1/Y
=

∂ ln(c(Y))
∂ ln(Y)

< 1
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Estimated slope, elasticity in cross-household data

6.1. Keynesian

One way to test this conjecture is to take a sample of households, measure their income, measure their

consumption and see whether the best �t of equation (6.1.1) has c′(Y ) < 1 and/or ∂ log(c(Y ))
∂ log(Y ) < 1. Figure 6.1.1

shows the result of doing precisely that. The Consumer Expenditure Survey asks a sample of households to

report their income and their consumption (among other things). The �gure shows scatterplots of consumption

against income for these households, both in absolute terms and in logarithmic scale, to measure c′(Y ) and
c′(Y )Y
c(Y ) respectively.1 The evidence seems consistent with both interpretations of Keynes's statement: both

the best �t estimate of c′(Y ) and c′(Y )Y
c(Y ) are lower than 1. c′(Y ) is approximately 0.25, so households whose

income is one more dollar spend an additional 25 cents. c′(Y )Y
c(Y ) is approximately 0.55, so households with 1%

higher income spend approximately 0.55% more.

Fig. 6.1.1: Evidence on the Keynesian consumption function. Each dot represents a household. Source:
Consumer Expenditure Survey, 2014.

For some time, around the mid-20th century, this type of evidence was considered quite conclusive, leading

to a �rm belief in the Keynesian consumption function as a good description of consumption behavior. This

led to following kind of speculation: what is going to happen as the economy's productive capacity expands

over time? If the elasticity of consumption with respect to income is less than 1, this implies that over time,

as income increases, the ratio C
Y will fall. Is the economy going to produce more and more goods that nobody

wants to consume? What are we going to do with all these goods?2 Is there going to be massive unemployment

because nobody wants all the stu� that we'd produce if everyone was working?

Aggregate data gives us a way to test this conjecture. Figure 6.1.2 shows the relationship between aggregate

consumption and aggregate income from national accounts. In the left panel we see the relationship in the

United States, where each dot represents a di�erent year. The best �t estimate of c
′(Y )Y
c(Y ) is 0.97. There is a

1The logarithmic scale graph only includes households with quarterly income of at least $1,000.
2You can see echoes of this preoccupation in Orwell's famous novel 1984. It was not uncommon to interpret war, and the huge

destruction that is brings about, as a �solution� to the �problem� of over-production.
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Estimated slope, elasticity in time series, cross-country data

6.2. Two Period Model

simple explanation for this: consumption has been close to a constant fraction of GDP, approximately 65%.

If c(Y ) = 0.65Y then c′(Y )Y
c(Y ) = 1. The right hand panel shows the relationship across countries, where each

dot represents a di�erent country for the year 2011. In this case, the best-�t estimate of c′(Y )Y
c(Y ) is 0.85. In

both cases the estimate is much closer to 1 than in the individual household data. Overall, it does not seem

to be the case that countries consume a lower fraction of their income as they grow rich.3

Fig. 6.1.2: Evidence on the Keynesian consumption function from aggregate data. The left panel is US
time-series evidence; the right panel is cross-country evidence. Sources: NIPA and Feenstra et al. (2015)

In the aggregate data over time we don't see the pattern that we see in the cross-sectional data. The

preoccupation about decreasing consumption rates over time seems to be unwarranted. What is going on?

Why do the two kinds of data look so di�erent?

6.2 A Two-Period Model of Consumption

Let's take a step back and try to develop a theory of how households make consumption decisions and see

whether this can help us understand some of the patterns we just saw. We'll start from a very simple example

and then think about more features.

Let's imagine that this household is going to live for two periods. In period 1 they will obtain income y1

and in period 2 they will obtain income y2. They have to decide how much they are going to consume in

period 1. The advantage of consuming is that they like to consume; the advantage of not consuming is that by

saving they can a�ord to consume more in period 2, which they also like. Let's assume that their preferences

3Note the possibility of reverse causality in the cross-country data. The Solow model predicts that, other things being equal,

countries that choose to save more and consume less will have higher GDP. This will produce an estimate of
c′(Y )Y
c(Y )

lower than

1 even if the true elasticity is equal to 1.
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6.2 A Two-Period Model of Consumption

Objectives

• Make sense of data

• Micro economic foundations

Model

• Household lives for two periods, t = 1, 2

• Likes consumption, U(c1, c2) = u(c1) + βu(c2)

• Exogenous incomes, y1, y2

• Saving, borrowing at rate r
© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 71 6 Consumption and Saving



Budget constraints

c1 = y1− a
c2 = y2 + a(1 + r)

⇒ c1 +
1

1 + r
c2 = y1 +

1
1 + r

y2

Income, consumption, savings, wealth, relative price, consump-
tion expenditures

Household’s program

max
c1,c2

U(c1, c2) s.t. c1 +
1

1 + r
c2 = y1 +

1
1 + r

y2
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6.2. Two Period Model

values of a, and the budget constraint (6.2.4) still applies. a < 0 simply means that the household is borrowing

in order to pay for c1 > y1. For now we'll make this assumption; later on we'll think about what happens

when the household cannot borrow.

We are going to imagine that the household takes as given its current and future income y1 and y2 and

the interest rate and simply solves a standard consumer optimization problem:4

maxu (c1) + βu (c2)

s.t.

c1 +
1

1 + r
c2 ≤ y1 +

1

1 + r
y2

(6.2.5)

Figure 6.2.1 shows the solution to problem (6.2.5). As is standard in microeconomics, the household will

choose the highest indi�erence curve it can a�ord, which implies that it will pick a point where the indi�erence

curve is tangent to the budget constraint. Notice two properties of the budget constraint. First, its slope is

− (1 + r). As usual, the slope of the budget constraint is the relative price. Higher interest rates mean a

steeper budget constraint. Second, the budget constraint goes through the point (y1, y2) since the household

has the option to just consume its income each period.

Fig. 6.2.1: The consumption-
savings decision as a two-good
consumption problem.

We can also �nd the solution to problem (6.2.5) from its �rst order conditions. The Lagrangian is:5

L (c1, c2, λ) = u (c1) + βu (c2)− λ
[
c1 +

1

1 + r
c2 − y1 −

1

1 + r
y2

]

4There is some disagreement about whether budget constraints should be written as equalities or as weak inequalities. I like
the version with weak inequality because it says that the household could, in principle, not spend all its income. Since this never
happens anyway, it's not a big deal which way we write it.

5This problem is su�ciently simple that we don't need to use a Lagrangian to solve it. We could just as easily replace
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Lagrangian

L(c1, c2, λ) = u(c1) + βu(c2)− λ

[
c1 +

c2

1 + r
− y1−

y2

1 + r

]

First-order conditions

u′(c1) = λ

βu′(c2) = λ/(1 + r)
⇒ u′(c1) = β(1 + r)u′(c2)

Concave u, marginal utility, shadow value of wealth, Euler equa-
tion, consumption smoothing

MRS = price
u′(c1)

βu′(c2)
= 1 + r
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Savings when y2 = 0 (left), y2 � y1 (right)
6.2. Two Period Model

Fig. 6.2.2: Consumption decisions in two examples.

The E�ect of Interest Rates

Let's imagine that interest rates change. How do households change their consumption? The answer to this

question is going to play an important role in some of the models of the entire economy that we'll analyze

later. For now, we are going to study the question in isolation, just looking at the response of an individual

household to an exogenous change in the interest rate. For concreteness, let's imagine that the interest rate

rises.

Let's �rst take a look at this question graphically. A change in interest rates can be represented by a change

in the budget constraint, as in Figure 6.2.3. The new budget constraint still crosses the point (y1, y2) because

the household can a�ord this no matter what the interest rate is, but the slope of the budget constraint is

di�erent. With higher interest rates, it becomes steeper. As with any change in prices, this can have both

income and substitution e�ects.

The substitution e�ect is straightforward: as we saw before, a higher interest rate means that present

goods have become more expensive relative to future goods. Other things being equal, this would make the

household substitute away from present goods towards future goods, i.e. save more and consume less.

The income e�ect is a little bit more subtle. Do higher interest rates help or hurt the household? That

depends on whether the household is borrowing or saving to begin with. If the household is saving, then higher

interest rates mean that it is earning more on its savings, which can only help them attain higher utility. This

is the case depicted in Figure 6.2.3. Instead, if the household was borrowing, then higher interest rates means

that it's paying more interest on its loans, which hurts them.6

Graphically, it's possible to decompose income and substitution e�ects in the following way. First, imagine

6There is an additional possibility, which is that the household was choosing to borrow when interest rates were low but saves
instead when the interest rate rises. In this case the income e�ect could go either way.

109

Kurlat (2020)

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 75 6 Consumption and Saving



Interest rate increase induces income, substitution effects
6.2. Two Period Model

Fig. 6.2.3: Consumption re-
sponse to higher interest rates.

changing the interest rates (and therefore the slope of the budget constraint) but adjusting the position of

the budget constraint so that the household can attain the original indi�erence curve and ask how much

of each good the household consumes. This is a way of isolating the substitution e�ect: how much the

household rebalances between present and future consumption due to the new prices while holding utility

constant. Second, move the budget constraint from the adjusted line to the actual new budget constraint.

The di�erence between the household's consumption at the adjusted budget and the true new budget measures

the income e�ect: at the same prices, how much more or less can the household a�ord.7

Let's go back to the question of how consumption reacts to a rise in the interest rate. We know that the

substitution e�ect would make consumption go down and the income e�ect could go either way. When the

income e�ect is negative, then both income and substitution e�ects go in the same direction and we know that

consumption falls when interest rates rise. When the income e�ect is positive, then income and substitution

e�ects are pushing in opposite directions and the net e�ect could go either way. Figures 6.2.4 shows examples

where each of these things happen. On the left panel is the �saving for retirement� example. Here the household

is saving so the income e�ect of higher interest rates is positive, and in fact stronger than the substitution

e�ect, so the household increases its consumption. On the left panel is the �optimism� example, where the

household was borrowing against its high future income. Here the income e�ect of higher interest rates is

negative, and reinforces the substitution e�ect, leading to lower consumption.

7This way of decomposing income and substitution e�ects is known as the Hicks decomposition. An alternative is the Slutsky
decomposition, where the substitution e�ect is measured at the budget such that the original consumption plan is a�ordable
instead of the original utility level.
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Income, substitution effects when y2 = 0 (left), y2 � y1 (right)
6.2. Two Period Model

Fig. 6.2.4: Higher interest rates in two examples.

An Explicit Example

If preferences take the CRRA form we can go beyond equation (6.2.8) and get an explicit formula for how

much the household is going to consume.8 CRRA utility takes the form:

u (c) =
c1−σ

1− σ

so marginal utility is:

u′ (c) = c−σ

Replacing this in equation (6.2.8) gives us:

c−σ1 = β (1 + r) c−σ2

⇒ c2 = [β (1 + r)]
1
σ c1

Now replace c2 into the budget constraint (6.2.4):

c1 +
1

1 + r
[β (1 + r)]

1
σ c1 = y1 +

1

1 + r
y2

and solve for c1:

c1 =
y1 + 1

1+ry2

1 + β
1
σ (1 + r)

1
σ−1

(6.2.9)

8CRRA stands for �constant relative risk aversion�. We �rst encountered this functional form in Chapter 2.
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Consumption driven by “permanent income” (Friedman, 1957)
∂c1

∂ current income
<

∂c1

∂ permanent income

Reflects consumption smoothing motive

Difference to Keynes (1936)

Permanent income hypothesis explains motivating evidence
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Extension: “Lump sum” taxes

c1 +
1

1 + r
c2 = y1−τ1 +

1
1 + r

(y2−τ2)

Budget constraints of government

G1 = τ1 + B
G2 = τ2− B(1 + r)

⇒ G1 +
1

1 + r
G2 = τ1 +

1
1 + r

τ2

Combining budget constraints

c1 +
1

1 + r
c2 = y1 +

1
1 + r

y2−
(

G1 +
1

1 + r
G2

)
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Ricardian equivalence: Timing of taxation irrelevant

• Only total value of taxes matters, not timing

(In general equilibrium: Timing of taxes irrelevant ⇒ gov-
ernment debt irrelevant)

• Requires nondistorting taxes, same r, no redistribution

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 80 6 Consumption and Saving



Extension: Risky second period income

Incomes y1, yH
2 = y2+ε (prob π), yL

2 = y2−ε (prob 1− π)

Budget constraints
c1 = y1− a

cH
2 = yH

2 + a(1 + r), cL
2 = yL

2 + a(1 + r)

Household’s program (expected utility)

max
a

u(c1) + β
{

πu(cH
2 ) + (1− π)u(cL

2)
}

s.t. budget constr.

Modified Euler equation

u′(c1) = β(1+ r)
{

πu′(cH
2 ) + (1− π)u′(cL

2)
}
= β(1+ r)E1[u′(c2)]
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Convex marginal utility implies “precautionary” savings motive
6.3. Many periods

Fig. 6.2.5: Convex marginal
utility and precautionary sav-
ings.

this comes from reasoning in the opposite direction. If we believe, as many economists do, that precaution-

ary savings are an empirically important phenomenon, then a utility function with convex marginal utility

is probably the right way to represent preferences. For what it's worth, the commonly-used CRRA function

u (c) = c1−σ

1−σ satis�es this, since:

u′ (c) = c−σ

u′′ (c) = −σc−(1+σ)

u′′′ (c) = σ (1 + σ) c−(2+σ) > 0

and u′′′ (c) > 0 means u′ (c) is convex.

6.3 Extension to Many Periods

For many questions, the simpli�cation of only considering two periods is good enough. For others, explicitly

taking into account that there are more periods can be useful. We'll see examples of this later on. For now,

we'll just look at how to analyze mathematically a many-period household savings problem. This turns out

to be very similar to analyzing a two-period problem.

The household's preferences are:
T∑

t=0

βtu (ct) (6.3.1)

This extends the idea of (6.2.1) to T periods. The consumption of each of the future periods a�ects the

household utility, but since β < 1, future periods matter less the further away they are.

117

Kurlat (2020)

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 82 6 Consumption and Saving



6.3 Extension to Many Periods

U(c0, . . . , cT) =
T

∑
t=0

βtu(ct) (so far: U(c1, c2) = u(c1) + βu(c2))

ct = yt + (1 + r)at− at+1 (c1 = y1− a2, c2 = y2 + (1 + r)a2)
T

∑
t=0

ct

(1 + r)t =
T

∑
t=0

yt

(1 + r)t (so far: c1 +
c2

1 + r
= y1 +

y2

1 + r
)

Many Euler equations (so far: one Euler equation)
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6.4 Behavioral Theories

One rational behavior, many irrational behaviors

• Rule of thumb (study for exam three weeks before exam)

• Limited self control (tomorrow I start learning)

Commitment device to improve self control (Ulysses)
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7 Labor and Leisure

7.1 Measuring the Labor Market

Terminology

• Labor force = Employed + Unemployed

• Participation rate = Labor force / Population

• Employment rate = Employed / Population

• Unemployment rate = Unemployed / Labor force
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7.1. Measuring the Labor Market

63%. It moves more smoothly than the employment rate, which has higher-frequency �uctuations, which

correspond to movements in unemployment. The unemployment rate is quite volatile, moving up and down

between about 3% and 10%.

Fig. 7.1.1: Labor market indicators in the United States. Source: CPS.

Flows Across Employment Status

The CPS also keeps track of how people shift between employment, unemployment and out of the labor force.

At any point in time, there are large numbers of people who change status in every direction. Figure 7.1.2

shows the magnitude of these �ows for the month of October, 2018.

Using the data on stocks and �ows we can compute the rates at which people transition from one status to

another. The (monthly) job �nding rate is de�ned as the number of workers who shift from unemployment to

employment, expressed as a fraction of the pool of unemployed workers. The (monthly) job loss rate is de�ned

as the number of workers who shift from employment to unemployment, expressed as a fraction of the pool

of employed workers. Figure 7.1.3 shows the evolution over time of these rates. The job loss rate oscillates

between 1% and 2% per month, while the job �nding rate oscillates around 30% per month.1

Vacancies and the Beveridge Curve

Across the market from workers looking for jobs are �rms looking for workers. Starting in 2001, the BLS has

conducted a survey called the Job Openings and Labor Turnover Survey (JOLTS) which asks �rms, among

other things, how many job openings (sometimes called �vacancies�) they currently have. For earlier periods,

1Both of these rates are somewhat underestimated. If a worker switches status back and forth within the same month, the
monthly survey will not detect this and will record no transition. This is especially important for the job �nding rate since the
denominator is smaller.
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Stocks and flows
7.1. Measuring the Labor Market

Employed
157

Unemployed
5.8

Out of the labor force
96

1.3

1.6

4.2 4.5 1.41.7

Fig. 7.1.2: Stocks and �ows of workers across labor market status in October, 2018. Figures in millions of
workers. Source: CPS.

Fig. 7.1.3: Monthly job loss rate and job �nding rate. Source: CPS.

there are measures of job openings based on sources like help wanted ads in newspapers. The vacancy rate is

de�ned as the ratio of vacancies to the total labor force.
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7.1. Measuring the Labor Market

Employed
157

Unemployed
5.8

Out of the labor force
96

1.3

1.6

4.2 4.5 1.41.7

Fig. 7.1.2: Stocks and �ows of workers across labor market status in October, 2018. Figures in millions of
workers. Source: CPS.

Fig. 7.1.3: Monthly job loss rate and job �nding rate. Source: CPS.

there are measures of job openings based on sources like help wanted ads in newspapers. The vacancy rate is

de�ned as the ratio of vacancies to the total labor force.
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Beveridge curve illustrates frictional unemployment

7.1. Measuring the Labor Market

Figure 7.1.4 shows the relationship between the vacancy rate and the unemployment rate in the US economy.

There is a strong negative relationship. High vacancy rates have tended to coincide with low unemployment

rates. This negative relationship between vacancies and unemployment is known as the Beveridge Curve.

When the ratio of vacancies to unemployed workers is high, the labor market is said to be �tight�.

Fig. 7.1.4: The US Beveridge
Curve, 1948-2018. Each dot
is one month. Sources: Un-
employment from CPS. Vacan-
cies from NBER Macrohistory
Database, Barnichon (2010)
and JOLTS.

What do the Measures Tell Us?

Let's start with the most widely reported statistic: the unemployment rate. A high unemployment rate is

typically viewed as a problem while a low unemployment rate is viewed as a success, and with good reason.

By de�nition, people who are unemployed would like to be employed but have not been able to achieve this.

However, just looking at the unemployment rate does not give a full account of what is going on in the labor

market.

First, searching for a job is a productive use of somebody's time. We often, including in this book, treat

all workers and all jobs as being identical, but it's obvious that this is not literally true. Finding a job requires

search e�ort because workers are trying to �nd jobs that suit them and employers are trying to �nd workers

that suit them. Looking at help wanted ads, writing resumes, contacting potential employers, etc., are part

of the process of getting the right person into the right job. Unemployment is partly a re�ection of the fact

that this whole process is time-consuming.

On the other hand, people are counted as unemployed only if they took active steps to try to �nd a job.

There are plenty of people who would like a job but have not taken active steps within the past week to

�nd one. We can see evidence for this directly from Figure 7.1.2: there is a large �ow of people from �out

of the labor force� into �employed� every month: these are workers who were not actively looking for a job

but nevertheless found one and took it. One reason why people who want a job might not be looking for
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7.2 A Static Model of the Labor Market

Model

• Household lives for one period

• Likes consumption, leisure, U(c, l) = u(c) + v(l)

• Labor supply, L = 1− l

• Wage, w
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Budget constraint

c = w(1− l) or c + wl = w

Wealth, relative price, consumption expenditures

Household’s program

max
c,l

U(c, l) s.t. c = w(1− l)
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7.2. Static Model

Fig. 7.2.1: The consumption-
leisure decision as a two-good
consumption problem.

Equation (7.2.3) describes how the worker trades o� dedicating time to market work or to leisure. If the

worker allocates a marginal unit of time to leisure, he simply enjoys the marginal utility of leisure v′ (l). If

instead the worker spends that time at work, he earns w, so he is able to increase his consumption by w; this

gives him w times the marginal utility of consumption u′ (c). At the margin, the worker must be indi�erent

between allocating the last (in�nitesimal) unit of time between these two alternatives, so (7.2.3) must hold.

(7.2.3) is also an algebraic representation of the tangency condition shown in Figure 7.2.1. The slope of the

indi�erence curve is given by the marginal rate of substitution between leisure and consumption: v′(l)
u′(c) . The

slope of the budget constraint is w, so (7.2.3) says that the two are equated.

The E�ect of Wage Changes

Let's imagine the wage w changes. How does the worker change his choice of leisure and consumption? The

answer to this question is going to play an important role in some of the models of the entire economy that

we'll analyze later. For now, we are going to study the question in isolation, just looking at the response of

an individual worker to an exogenous change in the wage. For concreteness, let's imagine that the wage rises.

Let's take a �rst look at this question graphically. A change in wages can be represented by a change in the

budget constraint, as in Figure 7.2.2. The new budget constraint still crosses the point (1, 0), but the slope

of the budget constraint is steeper. As with any change in prices, this can have both income and substitution

e�ects.

The substitution e�ect is straightforward: a higher wage means that time is more expensive. Other things

being equal, this would make the worker substitute away from leisure (which has become relatively expensive)

towards consumption (which has become relatively cheap). This makes the worker work more.

In addition, the higher wage unambiguously helps the worker: the worker is selling his time so a higher

133

Kurlat (2020)

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 93 7 Labor and Leisure



Lagrangian

L(c, l, λ) = u(c) + v(l)− λ [c− w(1− l)]

First-order conditions

u′(c) = λ

v′(l) = λw

⇒ v′(l)
u′(c)

= w

Concave u, v, shadow value of wealth, MRS = price
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Wage increase induces income, substitution effects
7.2. Static Model

Fig. 7.2.2: Consumption and leisure response to higher wages. Income and substitution e�ects.

price is good for him. In other words, there is a positive income e�ect. For the consumption choice, the income

e�ect reinforces the substitution e�ect since both push the worker to consume more. For the leisure choice,

this goes in the opposite direction as the substitution e�ect: as the worker becomes richer, he wants more

of everything, including leisure. In the example depicted on the left panel of Figure 7.2.2, the substitution

e�ect dominates. The worker ends up at a point to the left of where he started, showing he has decided to

work more (and get less leisure) when wages rise. The right panel shows an example where the income e�ect

dominates so the worker decides to work less (enjoy more leisure) when the wage rises.

An Explicit Example

Suppose that the utility function takes the following form:

u (c) =
c1−σ

1− σ
v (l) = − θε

1 + ε
(1− l)

1+ε
ε

where θ and ε are parameters. For this case, we can get an explicit formula for how much consumption and

leisure the worker will choose. Marginal utility of consumption and leisure are, respectively:

u′ (c) = c−σ

v′ (l) = θ (1− l) 1
ε
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“Lump sum” transfer and distorting labor income tax

c = w(1− l)(1− τ) + T

Change of transfer induces income effect

Change of tax rate induces income, substitution effects, as with
wage change
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Effects of T, τ on budget set
7.2. Static Model

working at all. The e�ect of taxes is to lower the slope of the budget constraint: from the point of view of the

worker, the price at which he can sell time to obtain consumption is the after-tax wage w (1− τ).

Fig. 7.2.3: The worker's bud-
get constraint when there are
taxes and transfers.

The e�ect of higher transfers is a pure income e�ect. Prices have not changed but the worker is richer, so

he chooses higher consumption and higher leisure. This is illustrated in Figure 7.2.4.

Fig. 7.2.4: Consumption
and leisure response to higher
transfers.
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Income effect of transfer

7.2. Static Model

working at all. The e�ect of taxes is to lower the slope of the budget constraint: from the point of view of the

worker, the price at which he can sell time to obtain consumption is the after-tax wage w (1− τ).

Fig. 7.2.3: The worker's bud-
get constraint when there are
taxes and transfers.

The e�ect of higher transfers is a pure income e�ect. Prices have not changed but the worker is richer, so

he chooses higher consumption and higher leisure. This is illustrated in Figure 7.2.4.

Fig. 7.2.4: Consumption
and leisure response to higher
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7.3 Some Evidence on Labor and Leisure Decisions7.3. Evidence

Fig. 7.3.1: Average hours of
leisure per week for everyone
ages 14+ in the US. Source:
Ramey and Francis (2009).

Fig. 7.3.2: Average hours of
work per week across countries.
Source: Bick et al. (2018).

One hypothesis, put forward by Prescott (2004), is that the reason is di�erences in tax and social security

policy. Europe has higher tax rates and social spending than the US. These, the argument goes, discourage

Europeans from working as hard as Americans. Prescott proposes a simple version of the model in this

chapter and argues that it can explain the magnitude of the di�erences between US and European labor

markets. Exercise 7.5 asks you to go through the details of Prescott's calculation and to think about the role
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Cross-country evidence suggests income > substitution effect

7.3. Evidence

Fig. 7.3.1: Average hours of
leisure per week for everyone
ages 14+ in the US. Source:
Ramey and Francis (2009).

Fig. 7.3.2: Average hours of
work per week across countries.
Source: Bick et al. (2018).

One hypothesis, put forward by Prescott (2004), is that the reason is di�erences in tax and social security

policy. Europe has higher tax rates and social spending than the US. These, the argument goes, discourage

Europeans from working as hard as Americans. Prescott proposes a simple version of the model in this

chapter and argues that it can explain the magnitude of the di�erences between US and European labor

markets. Exercise 7.5 asks you to go through the details of Prescott's calculation and to think about the role

138

Kurlat (2020)

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 100 7 Labor and Leisure



U.S. vs. Europe: T, τ, unionization, preferences, “culture”?
7.3. Evidence

Fig. 7.3.3: Hours worked per
year per employed person in
the US and selected European
countries. Source: OECD.

of income and substitution e�ects.

There is no consensus among economists about whether Prescott's hypothesis is correct. It has been

criticized from a few di�erent angles. One criticism focuses on the elasticity of labor supply. Exercise 7.5

asks you to compute the elasticity of labor supply that is implicit in Prescott's calculations. This matters

because it governs how much labor supply responds to changes in incentives. Most microeconomic estimates

of this elasticity are quite a bit lower than Prescott's value, though there is some debate as to how to translate

microeconomic estimates into macroeconomic calculations. A second line of criticism focuses on timing.

Policies in the US and Europe became di�erent in the 1960s and 1970s but the di�erences in labor supply

continued to widen well after that, suggesting something else was going on (or that policies take a very long

time to have an e�ect).

Some other explanations for the US-Europe di�erence have been proposed. Blanchard (2004) argues that

di�erences in preferences may be a large part of the reason: maybe Europeans place a higher value on leisure

than Americans. Economists tend to be a little bit uncomfortable with explanations based on di�erences in

preferences. We cannot observe preferences directly so these theories are very hard to test (but this does not

necessarily mean they are wrong). Furthermore, we need to explain why Europeans work less than Americans

now but this was not the case in the 1950s. Perhaps cultural di�erences only become relevant once society

reaches a certain level of income.

Alesina et al. (2006) argue that a large part of the explanation may have to do with the di�erent role of

labor unions in the US and Europe. Unions tend to be stronger in Europe and union contracts tend to specify

shorter hours and longer holidays than non-union contracts.6 One possibility is that Europeans work less than

6A separate, interesting, question is why union contracts look di�erent than non-union contracts. A naive answer would be to
say that unions have more bargaining power with respect to employers than individual workers (which is probably true) so they
get better terms. But these better terms could be in the form of higher wages or less work. Why do unions prioritize leisure over
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7.4 A Dynamic Model

Integrate labor supply, consumption-savings choices

Household’s program

max
c1,l1,c2,l2

U(c1, l1)+ βU(c2, l2) s.t. c1+
c2

1 + r
= w1(1− l1)+

w2(1− l2)
1 + r

First-order conditions yield

v′(lt)
u′(ct)

= wt, t = 1, 2

u′(c1) = β(1 + r)u′(c2)

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 102 7 Labor and Leisure



Effect of wage change on labor supply

v′(l1) = u′(c1)w1

⇒ L1 = 1− l1 = 1− v′−1 (w1u′(c1)
)

decreasing function

Temporary vs. permanent wage increase

• Small vs. large increase of c1 (income effect)

⇒ Large vs. small increase of w1u′(c1)

⇒ Large vs. small increase of L1

• Reflects small vs. large income effect on leisure
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7.5 Equilibrium in the Labor Market

Competitive labor market

• Labor demand reflects marginal product: labor demand(w−)

• Labor supply reflects household choice: labor supply(w?),
depending on income, substitution effects

7.5. Equilibrium in the Labor Market

Fig. 7.5.1: Equilibrium in the labor market.

and a fall in L.

Fig. 7.5.2: E�ects of changes on the labor market.
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Response to productivity increase (left), transfer increase (right)

7.5. Equilibrium in the Labor Market

Fig. 7.5.1: Equilibrium in the labor market.

and a fall in L.

Fig. 7.5.2: E�ects of changes on the labor market.
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Search equilibrium, to study unemployment, vacancies

• U workers search jobs, V firms advertize vacancies at cost χ

• Matched firm-worker pair produces y; increasing, concave
matching probability m(V, U)

• Nash wage bargaining: Surplus y− b split according to w =
b + µ(y− b), y− w = 0 + (1− µ)(y− b)

Equilibrium

• Firms post vacancies until χ = (m(V, U)/V) (1− µ)(y− b)
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7.5. Equilibrium in the Labor Market

will be y − w = (1− µ)(y − b).
Now turn to the �rm's decision to post a vacancy. A vacancy costs χ and then, with probability q(V,U), it

results in a hire, which gives the �rm a pro�t of (1−µ)(y− b). Firms will �nd it pro�table to create vacancies

until:

χ = q(V,U)(1− µ)(y − b) (7.5.1)

Solving equation (7.5.1) for V tells us how many vacancies will be created, as illustrated by Figure 7.5.3. If V

is higher than the number that makes (7.5.1) hold, then the probability of �lling a vacancy is too low, �rms

will on average not recoup the vacancy costs and would prefer not to hire. If V is lower, then �rms will on

average make pro�ts beyond what is needed to recoup vacancy costs and would open more vacancies.

Fig. 7.5.3: Equilibrium
in the Diamond-Mortensen-
Pissarides search model.

Knowing V lets us �gure out what the unemployment rate will be once hires have taken place. Denote

this by U ′. Since a total m (V,U) workers �nd jobs, we have:

U ′ = U −m(V,U) (7.5.2)

Let's see what happens to the labor market when something changes. The left panel of Figure 7.5.4 shows

how the labor market reacts to an increase in the marginal product of labor y. Other things being equal,

this makes posting vacancies more pro�table, so �rms react by posting more vacancies until condition (7.5.1)

is restored. The right panel shows what happens if unemployment bene�ts b are increased. The e�ects here

are more subtle. Higher unemployment bene�ts increase workers' outside option if they were fail to reach an

agreement while bargaining. This improves their bargaining position, and therefore raises equilibrium wages,

lowering �rm pro�ts. Firms respond to this by posting fewer vacancies, restoring condition (7.5.1).

Seeing how V reacts to various changes gives us a way to think about the Beveridge Curve. Equation (7.5.2)
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Response to productivity increase (left), unemployment benefit
increase (right)

7.5. Equilibrium in the Labor Market

Fig. 7.5.4: E�ects of changes in the Diamond-Mortensen-Pissarides search model.

implies a negative relationship between vacancies and after-hiring unemployment (taking initial-unemployment

as given), which is what the Beveridge Curve says. Other things being equal, anything that leads �rms to

post more vacancies will result in more workers �nding jobs and therefore lower unemployment. There is

some debate as to whether this is a satisfactory explanation. Shimer (2005) argued that the movements in the

vacancies-to-unemployment ratio produced by this model are too small to �t the data well.

Exercises

7.1 Labor Supply

Suppose household preferences are given by:

u (c, l) = c+ θ log (l)

where c is consumption, l is leisure and θ is a parameter. Households have a total of one unit of time and

can supply labor in a competitive labor market at a wage w.

(a) Find an expression for the fraction of their time that households spend in market work.

(b) If this was the right model and one looked at households in di�erent countries, how would hours of

work correlate with wage levels? How does this compare to the empirical evidence?

7.2 Military Service
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8 Investment

8.1 Present Values

Interest rate = relative price of goods in successive periods

Investment project lucrative⇔ NPV positive

NPV = −I + V = −I +
∞

∑
t=1

dt

(1 + r)t (assuming constant r)

Constant dividend growth: Gordon growth formula

V =
∞

∑
t=1

dt

(1 + r)t =
∞

∑
t=1

d1(1 + g)t−1

(1 + r)t =
d1

r− g
(assuming r > g)
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Tobin’s Q

• Market value of firm relative to replacement cost (book value)

• Investment lucrative iff Q > 1

• Why Q 6= 1? Adjustment costs, Ψ(I, K) = (ψ/2)(I2/K)

Firm’s program

max
I

Q · (K + I)− (I + Ψ(I, K))

First-order condition

Q = 1 + ψI/K S 1

⇒ I =
K
ψ
(Q− 1) S 0
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Tobin’s Q and investment
8.2. Risk

Fig. 8.1.1: Tobin's Q and in-
vestment. Source Andrei et al.
(2019).

State of the world Probability Pr (s) Dividend d (s)

s = Rain 0.75 100

s = Drought 0.25 8

We are going to look at this problem from the perspective of a household who has to answer the question:

is it worth investing p in period 1 to buy a unit of this project? What is the price p that makes the household

indi�erent between investing in the project or not? One naive way to do this would be to take an average of

the possible dividends and discount it at the interest rate. This would give the following answer:

p =
0.75× 100 + 0.25× 8

1 + 0.1
=

77

1.1
= 70 (8.2.1)

On average, the farm will pay a dividend of 77. Discounting it at an interest rate of 10% gives a present value

of 70. However, this way of thinking about the problem is not quite right because it ignores the fact that

people are risk averse and the farm is risky. What's the right way to do it?

It turns out that the answer depends on how this particular project �ts with the rest of the household's

decisions. Suppose that, if it does not invest in this project, the household will be consuming c1 in period 1

and c2 (s) in period 2 in state of the world s. Now let's ask the household how many units of the project it

wants to buy, assuming that it has to pay p for each unit. Mathematically, the household's problem is:

max
x

u (c1 − xp) + β
∑

s

Pr (s)u (c2 (s) + xd (s)) (8.2.2)

Buying x units of the project reduces period-1 consumption by xp, bringing it down to c1 − xp. On the other

hand, owning x units of the project increases period-2 consumption by xd (s) in state of the world s, bringing
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8.2 Risk

How to discount risky dividends?

• At what price are investors willing to invest in, hold asset?

Consider household choosing a, I given r, p, {p(s) + d(s), π(s)}s

Household’s program

max
a,I

u(y1− a− pI)+ β ∑
s

π(s)u (y2(s) + a(1 + r) + I(p(s) + d(s)))
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First-order conditions

u′(c1) = β(1 + r)E1[u′(c2(s))]
pu′(c1) = βE1[u′(c2(s))(p(s) + d(s))]

First-order conditions, rewritten

u′(c1) = βE1[u′(c2(s))(1 + r)]

u′(c1) = βE1

[
u′(c2(s))

p(s) + d(s)
p

]
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Price discounts contingent payoffs—but not uniformly at 1 + r

p =
β

u′(c1)
E1[u′(c2(s))(p(s) + d(s))]

=
1

1 + r
E1[u′(c2(s))(p(s) + d(s))]

E1[u′(c2(s))]
6= 1

1 + r
E1[p(s) + d(s)]

Use Cov[x, y] = E[xy]−E[x]E[y]

⇒ p =
1

1 + r

{
E1[p(s) + d(s)] +

Cov1[u′(c2(s)), p(s) + d(s)]
E1[u′(c2(s))]

}

Due to risk aversion, price reflects in which states payoffs mate-
rialize
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Asset pricing/finance is just the Euler equation

u′(c1) = βE1

[
u′(c2(s))

p(s) + d(s)
p

]

⇒ p = E1

[
β

u′(c2(s))
u′(c1)

(p(s) + d(s))
]

= E1

[
MRS2(s)
prob(s)

(p(s) + d(s))
]

Special cases

• No risk

• No risk aversion
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8.3 The Marginal Product of Capital and Aggregate Invest-
ment

Investment at date t yields dividend, price at date t + 1

• Date t + 1’s rental rate of capital, rK
t+1 = FK(Kt+1, Lt+1)

• Resale value of capital net of depreciation, 1− δ (neglecting
adjustment costs)

Firms invest until marginal investment’s NPV = 0

NPV = −1 +
FK(Kt+1, Lt+1) + 1− δ

1 + rt+1
⇒ FK(Kt+1, Lt+1)− δ = rt+1
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Interest rate determines investment (FK − δ = r)

8.3. MPK and Investment

⇒ FK (Kt+1, Lt+1)− δ = rt+1 (8.3.2)

We have already seen equation (8.3.2) before. It's identical to equation (4.4.12) in Chapter 4. There we

were asking the question the other way around: given a level of investment, what must the interest rate be?

Here we are asking: given an interest rate, what will be the level of the capital stock? The level of the capital

stock must be such that the rental rate of capital makes the NPV of the representative investment project

equal to zero.

Formula (8.3.2) is stated in terms of the level of the capital stock. In order to know the level of investment,

we use that:

Kt+1 = (1− δ)Kt + It

and replace Kt+1 to get:

FK ((1− δ)Kt + It, Lt+1)− δ = rt+1 (8.3.3)

Figure 8.3.1 shows equation (8.3.3) graphically. The left-hand side of the equation is a downward-sloping

curve, which inherits the shape of the marginal product of capital curve. Sometimes this is known as an

�investment demand� schedule, meaning that it tells us how much investment would be carried out at each

possible level of interest rates. The right hand side is represented with a horizontal line since we are taking

interest rates as given.

Fig. 8.3.1: The determina-
tion of aggregate investment.

We can use equation (8.3.3), either graphically or algebraically, to ask how the level of investment responds

to di�erent changes. The left panel of Figure 8.3.2 shows how investment responds to an increase in expected

productivity, represented by an upward shift in the FK curve. At the original level of investment, higher

productivity would make the representative investment project positive-NPV. This encourages additional
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Response to productivity increase (left), interest increase (right)

8.3. MPK and Investment

investment until the decreasing marginal product of capital ensures that NPV equals zero again. Hence,

investment rises. The right panel shows how investment responds to a rise in the interest rate. At the original

level of investment, a higher interest rate would make the representative investment project negative-NPV.

This leads to a fall in investment until the higher marginal product of capital ensures that NPV equals zero

again. Hence, investment falls.

Fig. 8.3.2: Investment response to changes in productivity and interest rates.

Exercises

8.1 Valuation

Charlie's cheese factory has a very precise business plan for 2019-2028, shown below (you can download

it as an Excel spreadsheet from the book website):

Year Pro�ts Investment Dividend

2019 80 50 30

2020 77 49 28

2021 86 49 37

2022 91 47 44

2023 98 47 51

2024 98 48 50

2025 109 200 -91

2026 120 57 63

2027 119 57 62

2028 125 61 64
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9 General Equilibrium

9.1 General Equilibrium in a Two-Period Economy

Model (new)

• Representative household works, consumes, saves

Owns initial capital stock, firms, investment firms

• Representative firm rents capital, labor to produce output

• Representative investment firm produces investment

• All agents optimize taking prices, profit incomes as given

• Equilibrium prices clear markets
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Household’s program

max
c1,l1,c2,l2

u(c1) + v(l1) + β[u(c2) + v(l2)] s.t.

c1 +
c2

1 + r
= w1(1− l1) +

w2(1− l2)
1 + r

+ K1(rK
1 + 1− δ) + profits

Firm’s program (in each t)

max
K,L

F(K, L)− wtL− rK
t K

Investment firm’s program

max
I

{
rK

2 + 1− 1
1 + r

− 1

}
[(1− δ)K1 + I]

full depreciation in last period
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Definition 9.1 Competitive equilibrium conditional on K1: Allo-
cation (c1, c2, l1, l2, I, K2, L1, L2), price system (w1, w2, rK

1 , rK
2 , r) such

that (c1, c2, l1, l2) solves household’s program; (Kt, Lt) solves firm’s
program at t; I solves investment firm’s program; markets clear.

Market clearing

Goods : F(K1, L1) = c1 + I
F(K2, L2) = c2 (no investment in last period)

Capital : K2 = K1(1− δ) + I
Labor : Lt = 1− lt, t = 1, 2
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First-order conditions of household, firm, investment firm
u′(c1)

βu′(c2)
= 1 + r = rK

2 = FK(K2, L2)

v′(lt)
u′(ct)

= wt = FL(Kt, Lt), t = 1, 2

rK
1 = FK(K1, L1)

13 FOCs & market clearing conditions, 13 endogenous variables
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9.2 The First Welfare Theorem

Benevolent social planner allocation as benchmark

Planner program

max
c1,l1,c2,l2,L1,L2,K2

u(c1) + v(l1) + β[u(c2) + v(l2)] s.t.

K2 = (1− δ)K1 + F(K1, L1)− c1, K1 given
c2 = F(K2, L2)
Lt = 1− lt, t = 1, 2

Planner commands allocation s.t. resource constraints only
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First-order conditions
u′(c1)

βu′(c2)
= FK(K2, L2)

v′(lt)
u′(ct)

= FL(Kt, Lt), t = 1, 2

Competitive equilibrium, planner allocations coincide!

• CE: Household, firm choose MRS = price, price = MRT

• Planner chooses MRS = MRT

Result generalizes
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Proposition 9.1, First Welfare Theorem Competitive equilib-
rium allocation (solves a social planner problem, that is, it) is
Pareto efficient

Allows for many goods, technological change, heterogeneity, risk

Key requirements

• Competitive price taking (e.g., no monopoly)

• Complete markets (e.g., no externalities, no incomplete fi-
nancial markets)

If requirements are satisfied there is no efficiency rationale to
change market outcome (but maybe “fairness” rationale)
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9.3 General Equilibrium in an Infinite-Period Economy

First-order conditions essentially unchanged
u′(ct)

βu′(ct+1)
= FK(Kt+1, Lt+1) + 1− δ ∀t

v′(lt)
u′(ct)

= FL(Kt, Lt) ∀t

previously δ = 1

Core equilibrium conditions, assuming exogenous Lt = 1
u′(ct) = β (FK(Kt+1, 1) + 1− δ) u′(ct+1) ∀t
Kt+1 = Kt(1− δ) + F(Kt, 1)− ct ∀t
transversality condition

Solow (1956) model plus endogenous savings rate
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Core equilibrium conditions, also assuming u(c) = c1−σ/(1−σ)
(

ct+1

ct

)σ

= β (FK(Kt+1, 1) + 1− δ) ∀t

Kt+1 = Kt(1− δ) + F(Kt, 1)− ct ∀t
transversality condition

Steady state

ct+1 = ct ⇒ 1 = β (FK(Kt+1, 1) + 1− δ)
Kt+1 = Kt ⇒ ct = F(Kt, 1)− δKt
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Steady-state relations, phase diagram

9.3. In�nite-Period Economy

therefore the household chooses to consume more in the future than in the present, by the Euler equation

(9.1.8), which is exactly what a high rate of growth of consumption means.

In addition, we have the market clearing condition (9.1.3), which we can rewrite as:

Kt+1 = (1− δ)Kt + F (Kt, 1)− ct (9.3.15)

This gives us a relationship between the future capital stock, the current capital stock, and consumption. The

economic logic here is simple: more consumption implies less investment and therefore a lower capital stock

in the following period.

We can represent equations (9.3.14) and (9.3.15) by means of a phase diagram. This is a graph that shows

us, for each possible level of c and k, in what direction c and k are supposed to be moving if they are to satisfy

(9.3.14) and (9.3.15). This is shown in Figure 9.3.1.

Fig. 9.3.1: Dynamics of the
Neoclassical Growth Model

The vertical line represents equation:

ct+1

ct
= 1

⇒ [β (1 + FK (Kt+1, 1)− δ)] 1
σ = 1 (9.3.16)

⇒ FK (Kt+1, 1)− δ =
1

β
− 1 (9.3.17)

so it tells us what level of capital is consistent with constant consumption. At any point to the left, the lower

capital stock means a higher interest rate so consumption must be growing; at any point to the right, the

higher capital stock means a lower interest rate so consumption must be falling. Only if K solves equation

(9.3.17) is the interest rate exactly 1
β − 1, which persuades the household to keep consumption constant over
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Equilibrium c0 given K0, saddle path

9.3. In�nite-Period Economy

time.

The curved line represents the equation:

Kt+1 = Kt

⇒ (1− δ)Kt + F (Kt, 1)− ct = Kt

⇒ ct = F (Kt, 1)− δKt

so it tells us, for each level of K, how much that household needs to consume in order to invest enough to

exactly make up for depreciation, thus keeping the capital stock constant. For all the points above the curve,

higher consumption implies that depreciation exceeds investment so the capital stock shrinks; for all the points

below the curve, lower consumption implies that investment exceeds depreciation and the capital stock grows.

Mathematically, (9.3.14) and (9.3.15) are two di�erence equations in terms of Kt and ct. If we knew

the initial conditions K0 and c0, we could trace out the entire path of both variables over time. The initial

condition for K0 is easy. We assumed it's exogenous so we just take as given its initial value. How about c0?

How much will the household consume in the initial period? Figure 9.3.2 shows, for two possible levels of the

initial capital stock (K0 and K ′0), the paths of Kt and ct that result from di�erent possible values of c0.

Fig. 9.3.2: Paths for the
economy dictated by equations
(9.3.14) and (9.3.15), starting
from di�erent levels of c0 and
K0.

In each case, the higher path has c0 too high. Starting from this level of c0, the Euler equation (9.3.14)

dictates path of consumption that becomes ever-increasing, but there is not enough output so the economy

starts to deplete the capital stock, eventually depleting it completely. In the lower paths, c0 is too low. The

economy accumulates more and more capital over time and after some time the Euler equation starts to dictate

falling consumption. Eventually, all the output is being invested and consumption falls to zero. The only levels

of c0 that are consistent with optimality are the ones that gives rise to the middle paths. Here both ct and Kt
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Kss < Kgr since β < 1 β−1− 1 + δ = FK(Kss, 1) vs. FK(Kgr, 1) = δ; Pareto optimality
9.3. In�nite-Period Economy

consumption for future consumption and the household is better o� with the equilibrium that converges to

Kss.

Fig. 9.3.3: How the steady
state compares to the Golden
Rule.

Anticipation E�ects

Thinking in terms of general equilibrium can be useful for thinking about how anticipation of things that will

happen in the future can a�ect decisions in the present. Let's consider an example. Suppose the economy is

in steady state and suddenly everyone anticipates that a technological breakthrough will lead to a change in

the production function from F (K, 1) to AF (K, 1) starting in year T , where A > 1. Figure 9.3.4 shows what

the e�ect of this would be.

Once it happens, the technological improvement shifts the ct = ct+1 line to the right: higher A means that

it takes higher K to have AFK(K, 1) = 1
β − 1 + δ (which is the condition for consumption stay constant).

In addition, the Kt = Kt+1 curve shifts up: higher productivity means it is possible to a�ord more and

still maintain the capital stock. Once period T arrives, we can apply the analysis we did for the constant-

technology case. From T onward, the economy must be on the new saddle path that leads to the new steady

state. But before period T , the dynamics of capital and consumption are still governed by the old technology.

As illustrated in the �gure, the initial level of consumption must be such that, by the time period T arrives,

the dynamics under the old technology lead to the saddle path of the new technology.

In economic terms, what happens is that anticipation of a technological improvement leads to higher

consumption through a wealth e�ect. Since technology has not improved yet, higher consumption implies that

the economy is investing less than is necessary to maintain the old capital stock, so the capital stock begins to

shrink. A lower capital stock means that the marginal product of capital is higher and therefore the interest

rate is higher than 1
β − 1. This means that the household chooses a rising path for consumption. Hence, in
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Anticipated productivity increase at date T
9.3. In�nite-Period Economy

Fig. 9.3.4: An anticipated
technological improvement.

anticipation of the technological improvement, consumption �rst jumps from css to c0 and then gradually rises

over time. When period T arrives, the capital stock has shrunk to KT and consumption has reached cT , so

the economy is exactly in the saddle path that will lead it to the new steady state K ′ss, c
′
ss.

Exercises

9.1 The First Welfare Theorem

Consider the following policies. In each case, explain whether, in your view, the policy is justi�ed and

why.

(a) Setting a maximum price that electrical utilities may charge.

(b) Mandatory vaccinations.

(c) Workplace safety standards.

(d) Rent control.

(e) A 35-hours-per-week limit on working hours.

(f) Banning grocery stores from opening on Sundays.

(g) Banning self-service at gas stations.

9.2 Storage

Suppose the production function is the following:

F (K,L) = K
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10 Money

10.1 What is Money?

Anything that serves as

• Medium of exchange

• Store of value

• Unit of account

Solves “double coincidence of wants” problem

Gold, silver, shells, rocks, cigarettes, paper, digital entries, . . .
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Useful features

Hard to counterfeit, commonly accepted, durable, easy to
carry, divisible

‘Moneyness’

. . . it has been rather a misfortune that we describe money by a noun, and that it

would be more helpful for the explanation of monetary phenomena if ‘money’

were an adjective describing a property which different things could possess to

varying degrees. ‘Currency’ is, for this reason, more appropriate, since objects

can ‘have currency’ to varying degrees and through different regions or sectors

of the population.

Hayek (1990, p. 56)
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US monetary aggregates (supplier) [CB denotes “central bank”]

• Monetary base (CB): Physical currency + reserves

• M0 (CB): Physical currency

• M1 (CB, banks): M0 + demand deposits

• M2 (CB, banks): M1 + savings deposits + MMMF shares
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SNB
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10.2 The Supply of Money

Banks hold reserves to

• Make payments to each other

• Prepare for cash withdrawals

• Satisfy regulation (e.g., minimum reserve requirements)

Banks create deposits

• By accepting cash deposits

• “Out of thin air” (criticized by “Vollgeld” proponents)

⇒ “Money multiplier” typically exceeds unity
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10.3 Changing the Supply of Money

Open market operation

• Central bank buys/sells bonds from/to banks against re-
serves

• If banks maintain money multiplier, changed reserves trans-
late into changed M1, M2, e.g., due to changed loans

Special situation without opportunity cost of reserves (iR = i)

• E.g., i at zero lower bound and iR = 0

• Banks have no incentive to minimize reserve holdings, in-
determinate money multiplier
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10.3. Changing the Supply of Money

in the M1 money supply, since all the new reserves would just sit in bank balance sheets without triggering

an expansion in loans and deposits.

This scenario has been realized in recent years, as shown in Figure 10.3.1. Nominal interest rates fell to

almost zero in late 2008. At around the same time, the Federal Reserve decided to start paying interest on

excess reserves (i.e. reserves above the legal reserve requirement). Reserves were suddenly a more attractive

asset for banks to hold, and banks started holding large amounts excess reserves. As a result, the M1 money

multiplier fell from about 2 to less than 1. The monetary base was increased almost �vefold but M1 increased

much less. We'll think more about what happens when the interest rate is near zero in Chapter 15.

%

Fig. 10.3.1: Monetary Aggregates in the US when nominal interest rates reached zero. Source: Board of
Governors of the Federal Reserve System.
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10.4 The Demand for Money

Household money demand (e.g., for M1)

• Increases in transactions volume, Y

• Decreases in opportunity cost, nominal interest rate i

Example micro foundation (Baumol, 1952; Tobin, 1956)

• Interest bearing assets swapped into money N times, at fixed
cost F, implying average money holdings M = pY/(2N)

• Household solves min
N

pFN + ipY/(2N)

• Optimal N implies M/p =
√

YF/(2i)
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10.4. The Demand for Money

Fig. 10.4.1: Money balances
over time in the Baumol-Tobin
model.

What does this mean? The household is trying to minimize the overall cost of having money for transactions.

This cost has two parts. First, if it goes to the bank N times, it pays the cost F each time. Expressed in

nominal terms, this gives us pFN . Second, if it goes to the bank N times it will on average hold pY
2N dollars

in money. Since this money does not earn interest, there is an opportunity cost of holding it: the foregone

interest that the household could have earned if it had held less money. If the interest rate is i, then i pY2N is

the foregone-interest cost of the household's money holdings.

The �rst-order condition for problem (10.4.2) is:

pF − ipY

2
N−2 = 0

so we can solve for N to get:

N =

√
iY

2F
(10.4.3)

Equation (10.4.3) tells us that the household will go more times to the bank if i is high and if F is low. What's

the economic logic of this? If i is high, then the opportunity cost of holding money is high and the household

will be willing to go to the bank many times in an e�ort to hold low amounts of money. On the other hand, if

F is low, going to the bank is cheap and the household will, other things being equal, be willing to go to the

bank more times.

Replacing (10.4.3) into (10.4.1) and rearranging, we get an expression for the average money balances:

M = p

√
Y F

2i
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Generalized demand function reasonably stable (e.g. Kurlat, 2019)

10.4. The Demand for Money

think of a generalized money-demand functionmD (Y, i), increasing in Y and decreasing in i. mD (Y, i) =
√

Y F
2i

is just a special case of this more general formula.

There is some debate as to whether the money demand function is su�ciently stable over time to be a

useful thing to look at. At times, the quantities of M0, M1 and M2 that people held have moved around quite

a bit without changes in interest rates or GDP that would account for them. However, Lucas and Nicolini

(2015) and Kurlat (2019) argue that if one constructs an appropriately-weighted composite measure that

takes into account how people substitute between di�erent subcomponents of money like physical currency,

checking accounts, savings accounts, etc., the resulting money demand has a relatively stable relationship with

the interest rate, as predicted by the theory. This is illustrated in Figure 10.4.3.

Fig. 10.4.3: Money demand
in the United States. Each dot
represents one month between
1980 and 2013. Source: Kurlat
(2019)

Exercises

10.1 Central Bank Instruments

Suppose the Central Bank wants to reduce the M1 money supply but does not want to change the

monetary base. In what direction should it change reserve requirements?

10.2 Pickpockets

Suppose there is an increase in the number of pickpockets. How would that change the fraction of their

money that people want to have in cash as opposed to checking deposits? If the Central Bank keeps the

monetary base constant, what will happen to the M1 money supply?

10.3 Interest on Reserves
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11 The Price Level and Inflation

11.1 Measurement

Inflation is generalized growth in prices, πt = Pt/Pt−1− 1

• Unequal growth across goods requires averaging (ch. 1)

• GDP deflator, consumer price index, . . .

• Deflation = negative inflation
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11.1. Measurement

Figure 11.1.1 shows the evolution of CPI in�ation in the US. In�ation was very variable until the 1950s,

with times of over 20% in�ation and over 10% de�ation. Between the 1960s and the early 1980s in�ation

tended to increase. Since the mid-1980s in�ation has been quite low and stable.

Fig. 11.1.1: CPI in�ation in
the US. Source: BLS.

Nominal and Real Interest Rates

A basic lending transaction works as follows:

• a lender gives a borrower one dollar in period t,

• the borrower pays back 1 + it+1 dollars in period t+ 1.

it+1 is the interest rate between periods t and t+ 1.1

We will often talk about �the� interest rate, although in reality there is no single interest rate for all loans.

Typically, the interest rate on government debt is the lowest rate in the country (at least in the US, where

the government is perceived as reliable) and rates paid by private borrowers are higher, which compensates

for administrative costs, the probability of default, etc.

We are often interested in expressing interest rates in terms of goods rather than in terms of dollars.

Example 11.2.

The interest rate in Usuria on a one year loan that is issued in January 2018 and will be paid back in

1An interest rate always involves more than one period: when the loan starts and when it ends. We will adopt the convention
to label interest rates according to the period when the loan has to be paid back. Hence it+1 refers to the interest rate on loans
that are issued in period t and are due in period t+ 1.
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Federal Statistical Office
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Nominal vs. real interest rates, Fisher (1896) equation

1 + r =
1 + i
1 + π

⇒ r = i− π − rπ ≈ i− π

Ex-ante expected vs. ex-post realized real interest rate

@ t : Et[rt+1] = it+1−Et[πt+1]
@ t + 1 : rt+1 = it+1− πt+1
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11.2 Equilibrium in the Money Market

Central bank (indirectly) supplies, households demand money

MS = mD(Y+, i−)p

Classical view: Real allocation ⊥money, money “neutral”

p, π under classical view when MS grows at rate µ

• µ = 0 ⇒ π = 0, i = r + 0, p = MS/mD(Y, r)

• µ > 0 ⇒ π = µ, i = r + µ, p = MS/mD(Y, i)

• g > 0 ⇒ π < µ, depending on elasticity mD w.r.t. Y

(New Keynesian view: Money nonneutral, ch. 14)
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Empirical support for π ≈ µ in long run
11.2. Equilibrium

Fig. 11.2.1: In�ation and
the growth rate of the money
supply in the long run. Each
dot represents one country.
Source: World Bank.

Now divide by (11.2.1) on each side:

dMS

dt

MS
=

[(
∂mD (Y, i)

∂Y

Y

mD (Y, i)

) dY
dt

Y
+

∂mD(Y,i)
∂i

mD (Y, i)

di

dt

]
+

dp
dt

p

µ =

[(
∂mD (Y, i)

∂Y

Y

mD (Y, i)

)
g +

∂mD(Y,i)
∂i

mD (Y, i)

di

dt

]
+ π

Let η ≡ ∂mD(Y,i)
∂Y

Y
mD(Y,i)

. η represents the elasticity of money demand with respect to GDP. It is the answer

to the question: if GDP rises x%, by what percent does the demand for real money balances increase? Assume

the function mD is such that this elasticity is constant, so:

µ =

[
ηg +

∂mD(Y,i)
∂i

mD (Y, i)

di

dt

]
+ π

If in�ation is constant, then i = r + π will be constant so di
dt = 0. Then the equation reduces to:

µ = ηg + π

and therefore:

π = µ− ηg (11.2.3)

so, indeed, in�ation is constant. Equation (11.2.3) tells us that, other things being equal, a growing economy

will have lower in�ation. Why is this? A growing economy means a growing number of transactions and
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Level vs. growth effects of MS

11.2. Equilibrium

not change at time t: it simply starts growing at a di�erent rate. What makes the money market clear? The

price level must rise!

Economically, this is what's going on. People are all simultaneously trying to reduce their money balances

because the opportunity cost of holding them has gone up. Since the total (nominal) supply of money has not

changed, money loses value, which is the same thing as saying the prices rise.

Figure 11.2.2 shows how the price level evolves over time in the di�erent examples above.

Fig. 11.2.2: The evolution of prices in several examples.

The Velocity of Money

The �velocity� of money refers to the number of times a unit of money is used per period. Let's see an

example.
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Velocity of money, quantity equation

V ≡ pY
M
⇒ VM = pY

Plus theory of money demand

V =
Y

mD(Y, i)
⇒ V increases in i

Specific theory of money demand, mD ⊥ i ⇒ V ⊥ i

p ∝ M/Y
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11.3. Seignorage

Fig. 11.2.3: The velocity of
money in the US, using M1 and
M2 as de�nitions of money.
Source: Federal Reserve Bank
of St. Louis.

equal� sense when one considers some other change in the economic environment. If one assumes that V is

constant, then equation (11.2.4) changes from being a de�nition to being a theory. In fact, it is sometimes

known as the �quantity theory�, because it says that that the price level will be exactly proportional to the

quantity of money.

The evidence from Figure 11.2.1 is sometimes interpreted as supportive of the quantity theory, since the

quantity theory implies that there should be an exact linear relationship between changes in the money supply

and changes in prices. Notice that the relationship between money growth and in�ation becomes much closer

for countries with high in�ation. Even if velocity is not exactly constant, compared to the scale of changes

in the money supply in those countries it doesn't move that much, so the quantity theory is not such a bad

approximation.

11.3 Seignorage

Nowadays, most countries tend to keep in�ation quite low, though usually not at zero. We'll look at some

of the arguments in favor of positive in�ation later on. Historically, one of the reasons why in�ation has

sometimes been high is that governments used in�ation to obtain seignorage.

The term seignorage, which derives from the French word for lord (�seigneur�), originally referred to the

pro�t made in the production of coins. Back when coins were usually made of precious metals, the value of a

minted coin was typically above the value of the metal used to produce it. Why? Because minted coins were

better money than raw metal since they were standardized to be useful in transactions. The pro�t earned by

the mint by turning metal into money was known as seignorage. Nowadays the term is used more broadly to

refer to the resources obtained thanks to the ability to create money.
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11.3 Seignorage

Resources obtained by creating money

• “Seigneur” keeps share of silver when minting coins

• Today, base money issuance generates government revenue

Alternative perspective: Low interest base money (= gov-
ernment debt) issuance finances high interest asset holdings

• Private money issuance generates commercial bank profit

Households hold low interest money because of liquidity ser-
vices

Inflation taxes owners of outstanding base money, subject to
“Laffer curve”
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11.4 The Cost of Inflation

High inflation induces households to reduce money holdings

• Generates costs from, e.g., swapping assets into money more
often (Baumol, 1952; Tobin, 1956), lower liquidity benefits

• Minimum costs when no opportunity cost of holding money,
Friedman (1969) rule: i = 0

Inflation, deflation requires costly price adjustments (menu costs),
creates uncertainty about relative prices, distorting choices

• Minimum costs when π = 0: i = r
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B The Open Economy

B.1 Trade Balance, Current Account and Net Foreign Assets

Trade balance enters GDP identity, resource constraint

F(Kt, 1) = ct +Kt+1−Kt(1− δ)+TBt (see ch. 1, 9, assuming G = 0)

Current account also includes net foreign asset income (and cross-
border labor income), transfers

CAt = TBt + rtNFAt + TRt

Net foreign asset change reflects current account, capital gains

NFAt+1−NFAt = CAt + ∆price of NFAt
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SNB (for Swiss balance of payment statistics see SNB website)
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Atkeson, Heathcote, Perri on VoxEU, July 2022
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Example: Two periods, no risk

NFA2 = TB1 + (1 + r1)NFA1 + TR1
0 = TB2 + (1 + r2)NFA2 + TR2

Solving forward yields country’s inter temporal budget constraint

−(1 + r1)NFA1 = (TB1 + TR1) +
TB2 + TR2

1 + r2

or c1 +
c2

1 + r2
= (1 + r1)NFA1 + (Y1− I1 + TR1) +

Y2− I2 + TR2

1 + r2
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Net assets decoupled from capital, ∆At = ∆NFAt + ∆Kt

• Factor prices decoupled from national saving, investment

• In small open economy with free capital mobility, domestic
factor prices given by international factor prices

⇒ Equilibrium consumption smoothing as in partial equilib-
rium model (ch. 6), not closed economy general equilibrium
model (ch. 9)

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 160 B The Open Economy



B.2 Gains From Trade

Trade allows countries to exploit comparative advantage, result-
ing from relative productivity, endowment differences

• Static gains (international trade theory)

• Intertemporal gains from borrowing, lending

Opening up economy with low (high) K/L generates capital
inflow (outflow), always yields (r− FK(K, 1))dNFA > 0

• Conflicts when households differentially exposed to capital,
labor income
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B.3 Real Exchange Rate

Price of domestic consumption relative to consumption abroad

• Driven to unity if goods can be traded at no cost (cf. PPP
exchange rate, Big Mac index)

• Different from unity with trade costs, nontraded goods

• Expensive nontraded goods appreciate real exchange rate

For given nontradable production higher wealth increases price
of nontradables (market clearing), appreciates real exchange rate
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In long run, firms move between tradable, nontradable sectors,
supply factors determine real exchange rate

• Productivity growth in tradable sector increases wage in all
sectors (domestic labor mobility)

• To cover costs, prices in nontradable sector rise

⇒ Increase of relative price of nontradables, Baumol and Bowen
(1966) effect

⇒ Real appreciation in countries with faster productivity growth,
Harrod (1933)-Balassa (1964)-Samuelson (1964) effect
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B.4 Nominal Exchange Rate, Interest Parity and Purchasing
Power Parity

Nominal exchange rate, E, price of foreign currency

Interest parity condition

• Indifference between foreign, domestic investment requires
equal currency adjusted returns

1 + it+1 = (1 + i?t+1)Et+1/Et

• Interest rate differential compensates for ap/depreciation

• With risk, additional risk premium
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Purchasing power parity (PPP)

• Law of one price, absent impediments to trade: Goods priced
identically internationally

• Implies unity real exchange rate, (absolute) PPP
Et = Pt/P?t

Exchange rate determination

• M?/M determine P?/P (money market, long term), deter-
mine E (PPP, long term)

• E∞, interest parity sequence determine current E (short term)

• Possibly nonmonotone exchange rate dynamics, “overshoot-
ing” (Dornbusch, 1976)
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B.5 Further Readings

See, e.g., Niepelt (2019, ch. 7, 9.1), Obstfeld and Rogoff (1996)
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12 Facts about Business Cycles

12.1 What are Business Cycles?

Deviations from trend

Expansion, peak, recession, trough

Recession

• Technical definition: GDP reduction for ≥ 2 quarters

• NBER dated
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Kurlat (2020)
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Hodrick and Prescott (1997) filter separates time series, {xt}T
t=1,

into “trend,” {x̂t}T
t=1, and “cycle,” {xt− x̂t}T

t=1

min
{x̂t}T

t=1

T

∑
t=1

(xt− x̂t)
2 + λ

T−1

∑
t=2

[(x̂t+1− x̂t)− (x̂t− x̂t−1)]
2

For quarterly data typically set λ = 1600
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12.2 Patterns in Business Cycles

US data, cyclical components

� = 1, 600

1.6% 1 1

1.2% 0.74 0.78

4.7% 2.93 0.60

1.5% 0.95 0.58

0.8% 0.54 0.57

7.3% 4.59 0.83

3.3% 2.06 0.16

5.3% 3.31 0.42

5.0% 3.12 0.72

1.8% 1.13 0.85

1.3% 0.78 0.80

0.7% 0.47 0.31

0.8% �0.86

3.2% 0.26

1.1% 0.38

1.6%

Kurlat (2020)
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US data

• GDP typically differs 1.6% from trend

• Consumption less volatile than GDP, except for durables

• Investment much more volatile than GDP

• Consumption, investment, productivity, hours of work strongly
positively correlated with GDP, unemployment negatively

• Real wages weakly positively correlated with GDP

• Inflation, nominal interest rates weakly positively correlated
with GDP

Similar regularities in CH, Europe (Danthine and Girardin, 1989;
Danthine and Donaldson, 1993)
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“Phillips curve” relation between activity, inflation

• Phillips (1958) documented negative relationship between
wage inflation, unemployment rate

• Stable Phillips curve?
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Great depression, 1929–1933

• Typical recession, only much stronger

• Macroeconomics (Keynes, 1936; Hicks, 1939)
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12.3 Who Cares about the Business Cycle?

Lucas (1987) stipulates utility function, compares utility of trend
vs. actual consumption, infers tiny welfare losses from cycles

Criticism

• Loss from average consumption risk underestimates aver-
age loss from concentrated risk (heterogeneity)

• Mismeasured trend (peaks = potential output?)

• Small losses need not imply useless stabilization policy—
losses may be low because of stabilization policy
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13 The Real Business Cycle Model

Focus on “real” rather than “nominal” factors as drivers of busi-
ness cycle

Dynamic general equilibrium model with stochastic technology

Here: Stripped down model of ch. 9 plus technology shocks
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13.1 A Two-Period Model

No initial capital, first-period production only uses labor

Y1 = F1(L)

Second-period production only uses capital

Y2 = F2(K)

Focus on first-period labor supply, investment, consumption
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First welfare theorem applies (competition, no externalities)

Social planner allocation coincides with equilibrium allocation

Social planner problem

max
c1,c2,L,K,Y1

u(c1) + v(1− L) + βu(c2)

s.t. c1 + K = Y1 = F1(L), c2 = F2(K) (δ = 1)

First-order conditions (as usual, MRS = MRT)
v′(1− L)

u′(c1)
= F′1(L) (consumption vs. leisure)

u′(c1) = βF′2(K)u
′(c2) (Euler equation)

5 equations, 5 unknows
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Substituting out c2

Y1 = F1(L) (1)
v′(1− L)

u′(c1)
= F′1(L) (2)

u′(c1) = βF′2(K)u
′(F2(K)) (3)

Y1 = (u′)−1[βF′2(K)u
′(F2(K))] + K (4)

4 equations, 4 unknows

Two endogenous variables in each equation

Graphical illustration
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13.2 Markets

Have found social planner allocation, equilibrium allocation

Equilibrium also features prices

Competitive equilibrium prices satisfy price = MRS, MRT (ch. 9)

w =
v′(1− L)

u′(c1)
= F′1(L)

1 + r =
u′(c1)

βu′(c2)
= F′2(K) = rK

(Consistent with general result, 1 + r = 1 + F′2(K)− δ = 1 + rK − δ )

here δ = 1

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 183 13 The Real Business Cycle Model



13.3 Productivity Shocks

Production function changes to

Y1 = AF1(L), A > 1

Affects schedules (1), (2)

Channels

• Wealth effect⇒ higher c1, c2, lower L

• Substitution effect⇒ higher L (dominates in figure)

• Higher Y1, consumption smoothing⇒ higher K

Responses consistent with data
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13.4 Other Shocks

Impatience shock, fall in β

Affects schedules (3), (4)

Consumption moves opposite to investment, unlike in data
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Optimism shock, (expected) production function changes to

Y2 = AF2(K), A > 1

Affects schedules (3) [ambiguous, higher return on investment
but lower u′(c2)], (4)

Counter-cyclical consumption, unlike in data (or counter-cyclical
labor supply, unlike in data)
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Increased preference for leisure

θv(1− L), θ > 1

Affects schedule (2)

Responses consistent with data (but implausible?)

Increased labor-income taxes produce same result
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13.5 Assessing the RBC Model

Co-movement of c1, L requires shift of schedule (2)

Not a model of unemployment (but of labor supply)

Quantitative assessment (Kydland and Prescott, 1982)

• Infinite horizon model, no simplifications

• Calibrated parameters

• Comparison data with moments of model predictions

Policy implications: Government interventions, stabilization not
needed
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Criticism

• Negative technology shocks?

• Disagreement about calibration, specifically high elasticity
of labor supply

• Model implies too high volatility of real wages

• No theory of unemployment

• Solow residual misrepresents productivity due to changing
capacity utilization (e.g., labor hoarding)
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14 The New Keynesian Model

14.1 A Historical and Methodological Note

Keynes (1936) suggests lack of demand generates inefficient out-
comes; Hicks’s (1939) IS-LM model formalizes narratives

RBC model (ch. 13) in stark contrast to IS-LM

• Household, firm optimization (“microfoundations”, response
to Lucas (1976) critique), no ad-hoc relationships

• Efficient business cycles

New Keynesian model adopts RBC-type methodology, allows
for frictions generating inefficient outcomes
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14.2 Monopoly Power

Non-competitive supplier maximizes qp(q)− c(q)

First-order condition

p(q) + p′(q)q = c′(q) ⇒ p = c′(q)
η

η − 1︸ ︷︷ ︸
markup

, η ≡ −q′(p)p
q(p)

Elasticity of demand determines markup
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14.2. Monopoly Power

where η ≡ − q
′(p)p
q(p) is, by de�nition, the elasticity of demand. Since η

η−1 > 1, formula (14.2.1) says that the

monopolist will set its price above marginal cost. The di�erence between price and marginal cost is called a

�markup�. Formula (14.2.1) also tells us that the markup will depend on the elasticity of demand faced by

this �rm. If demand is very elastic (i.e. η is very high), then the markup will be small. In the limit of η =∞,

we are back to the case of perfect competition, where the �rm sets price equal to marginal cost.

Figure (14.2.1) illustrates this principle, showing how two di�erent monopolists with di�erent demand

elasticities set their price. In the left panel, the monopolist faces a relatively inelastic demand. This means

that in order to sell an additional unit it needs to lower the price a lot. As a result, the marginal revenue

curve is far below the demand curve. The monopolist chooses a low quantity and a large markup. In the right

panel, the monopolist faces a very elastic demand curve, so it sets a lower markup.

Fig. 14.2.1: The monpolist's price-and-quantity decision.

Introducing Monopoly Power into the RBC Model

We are going to assume that markets are not perfectly competitive. There are many ways for markets to be

not fully competitive and we are going to model a simple one. Imagine that instead of selling their labor to

the representative �rm in a competitive labor market, each individual worker operates their own small �rm.

This small �rm can produce output in period 1 with the same production function we had before:

Y1 = F1 (L)

Each of these small �rms produces a slightly di�erent good, and this di�erentiation gives them some market

power. We are going to assume that all these small �rms are symmetric and face identical demand curves. Let

η denote the elasticity elasticity of demand that each of them faces. Therefore we know that they are going
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Workers (=suppliers) charge markup

Relative to RBC model, wedge in consumption-labor condition

v′(1− L)
u′(c1)

= F′1(L)
η − 1

η

Schedule (2) in ch. 13 shifts left, as with labor-income tax

Distorted allocation (workers work too little)—welfare theorems
do not apply
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14.3 Sticky Prices

Higher demand with flexible prices: Workers supply more, raise
prices (decreasing F′1(L), u′(c1), increasing disutility of labor)

14.3. Sticky Prices

Fig. 14.3.1: The monpolist's
reaction to higher demand.

3. Diminishing marginal utility of consumption (decreasing u′ (c1)). As the worker works more and earns

more income, he increases consumption; this makes him place lower value on the additional units of

consumption he'll be able to a�ord by working more.

To see more the forces at work more concretely, imagine that our worker-�rm is a freelancer that sets his

own prices, like a wedding photographer, a plumber or a maths tutor. He reacts to higher demand by saying:

�I'm getting a bit tired of working so much, so I'll raise my prices. I know this will limit how much my

business expands, which will cut into my total income, but I'm doing �ne and the extra time o� will make it

worthwhile�. Conversely, he would react to lower demand by saying: �I'm not getting enough work and I'll

have trouble paying my bills, so I'll lower my prices to get more clients and increase total revenue. It'll mean

more work than if I kept my prices as they are, but since business is slow I have a lot of free time so I don't

mind�.

Introducing Price Stickiness

The key assumption in the New Keynesian model is that prices are in�exible. Ultimately, it is an assumption

about the timing of decisions. We are going to assume that �rms set prices before knowing exactly what's

going to happen in the macroeconomy. Once a �rm has set its price, we'll assume that it's in�exible: the �rm

cannot change it when it faces a change in demand for its product. Sometimes this is referred to as prices

being �sticky�.

There are many reasons why prices might be sticky. There could be contracts such as rental contracts,

service agreements or union pay scales that prevent price changes for a speci�ed period. There could be costs

to physically implementing price changes, for instance printing new menus (these types of costs are sometimes
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Higher demand with sticky prices: Workers supply more, do not
raise prices

14.3. Sticky Prices

known as �menu costs�). It could be that it takes time for �rms to realize that circumstances have changed in

a way that would make them want to change prices, perhaps because they are rationally choosing not to pay

too much attention to macroeconomic news.

Price stickiness might not seem like a big deal but it has major consequences for how the economy as a

whole behaves. Let's start by seeing how a monopolist whose price is sticky reacts to a change in demand for

its product. Figure 14.3.2 shows the same increase in demand as Figure 14.3.1 for a �rm whose price is sticky.

If the �rm could change prices when demand increases, it would choose price pF (the F stands for ��exible�)

in order to maintain a constant markup, and quantity would increase up to qF . This is exactly what Figure

14.3.1 shows. If instead the price is stuck at pS (the S stands for �sticky�), then the producer would produce

enough to satisfy all the demand he faces at price pS , so quantity would increase all the way to qS . The fact

the prices don't react means that the quantity produced reacts more than it would under �exible prices.

Fig. 14.3.2: A monopolist
with sticky prices.

Going back to the example of the freelancer, imagine he has already advertised his prices for the year and,

since a lot of people have seen them, he cannot easily change them. He then reacts to demand by simply

adjusting how hard he works: if more clients want to hire him, then he works more; if fewer clients want to

hire him, he works less and enjoys more leisure. Notice that even though higher demand makes the freelancer

tired, he does not want to turn away clients, because for each additional unit, it's still true that price is higher

than marginal cost, so he's happy to supply it.1

1If demand were to rise much more then there would reach a point where marginal costs are so high (when the worker is very
tired) that the worker-�rm with sticky prices would want to turn away clients, but we'll assume we are not at that point. See
Exercise 14.1.
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14.4 Putting Everything Together

Timing

• Workers set (nominal) p1 for their output

• Central bank chooses money supply, MS

• Households save, u′(c1) = β(1+ r)u′(c2) (as in RBC model)

Firms invest (δ = 1), F′2(K) = 1 + r (as in RBC model)

Households choose (real) money holdings, mD(Y1, i)

p2 depends on MS
2 ; π ≡ p2/p1− 1
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Market clearing

Y1 = c1 + K (as in RBC model)
c2 = F2(K) (as in RBC model)
L = F−1

1 (Y1) (demand determined, unlike in RBC model)
MS = mD(Y1, i) · p1

Reduce conditions to two schedules (IS, LM) plus labor demand
(L given Y1)
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IS: Euler & market clearing t = 1, 2 & investment & Fisher

u′(Y1− K(i− π)) = β(1 + i− π)u′(F2(K(i− π)))

Negative relation between Y1, i (given π)

i ↑ ⇒ r ↑ ⇒ K ↓, c1/c2 ↓ ⇒ c2 ↓ ⇒ c1 ↓⇒ Y1 ↓

LM: Money market clearing (given p1)

MS = mD(Y1, i) · p1

Positive relation between Y1, i

p1, π, MS, IS, LM determine Y1, i, other endogenous variables
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14.5. Shocks

�xed future payment, a fall in the price is the same thing as a rise in the interest rate.

IS-LM

If we put the IS equation and LM equations together, we have:

u′ (Y1 −K (i− π)) = β (1 + i− π)u′ (F2 (K (i− π))) (14.4.10)

MS = mD (Y1, i) · p1 (14.4.11)

By solving this pair of equations (with MS , p1 and π taken as exogenous) we can jointly �gure out the level of

output and interest rates, as shown in Figure 14.4.1. The �gure shows the downward-sloping IS relationship

and the upward-sloping LM relationship. The point Y1, i is the only combination of Y1 and i that satis�es

both equations. Since the model predicts that both the IS and the LM equations hold, it predicts what the

levels of GDP and interest rates are going to be.

Fig. 14.4.1: Equilibrium in
the IS-LM representation of the
New Keynesian Model.

14.5 Shocks

Let's see how the economy would respond to various shocks. We'll start by analyzing the same shocks that

we looked at in Chapter 13 and then we'll look at other possibilities.
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14.5 Shocks

Productivity shock (“supply shock”)

• No effect on IS, LM as productivity does not affect demand;
no effect on Y1 contrary to RBC model

• L falls as Y1 remains constant

Impatience shock (“demand shock”)

• Lower β implies right shift of IS as c1 demand rises

• K falls as i increases, contrary to c1-K co-movement in data

• L rises (as Y1 rises), contrary to negative L-c1 correlation in
RBC model due to labor supply condition
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Optimism shock, higher anticipated future productivity

• Higher K demand, shifting IS right, amplified by higher c1
demand due to higher c2

• Increased Y1 raises i (LM), dampens effect on K, c1

• Co-movement of K, c1, Y1, L consistent with data, unlike in
RBC model where labor supply condition averts L increase

• Consistent with some narrative in Keynes (1936)

Leisure preference (or labor-income tax) shock

• No effect on IS, LM as labor supply condition does not bind;
no effect on Y1 contrary to RBC model
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Money supply shock

• Higher MS implies right shift of LM

• Higher Y1, lower i increase money demand, clear money
market

• Lower i stimulates K, c1, raises Y1

• Co-movement of K, c1, Y1, L consistent with data

• Money not neutral

Increased expected inflation, π

• Upward shift of IS as i maps into lower r (which enters IS)

• Higher Y1, i, lower r, higher K, c1
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14.6 Simplified Versions of IS-LM

Exogenous investment yields simplified IS, consumption focus

exogenous K̄ ⇒ IS : i =
u′(Y1− K̄)
βu′(F2(K̄))

− 1 + π

Old Keynesian model, based on ad-hoc c1 function

c1 = c(Y1) ⇒ IS : Y1 = c(Y1) + K(i− π) ⇒ i = . . .
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14.7 Partially Sticky Prices and the Phillips Curve

Share µ of workers adjusts prices, share 1− µ does not

p1 = µpsticky
1 + (1− µ)pflex

1

For simplicity assume exogenous investment, c1(L) = F1(L)− K̄

“Flexible” workers satisfy their labor supply condition

pflex
1 = p1

v′(1− L)
u′(c1(L))F′1(L)︸ ︷︷ ︸
real marginal cost

· η

η − 1︸ ︷︷ ︸
markup
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Combining yields

p1 =
µpsticky

1
1− (1− µ) · real marginal cost ·markup

= fct(L+)

For given p0 this constitutes a Phillips curve

• Positive relation between employment and inflation if µ > 0

• “Flexible” workers increase supply only at higher price

• Note for later (ch. 15): psticky
1 shifts Phillips curve
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Relative to basic IS-LM model partial price stickiness adds third
key endogenous variable, p1

• IS with exogenous investment, i =
u′(Y1− K̄)
βu′(F2(K̄))

− 1 + π

• Phillips curve, p1 = fct(L+) or p1 = ˜fct(Y+
1 )

• LM (incorporating Phillips curve), i = FCT(Y+
1 )
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14.7. Partially Sticky Prices

tells us what level of p1 (and therefore in�ation π1) goes with this level of Y1. We are holding constant M
p

(the real money supply), pS1 (sticky prices) and π2 (expected in�ation between periods 1 and 2).

Fig. 14.7.1: How the IS-LM curves
and the Phillips Curve �t together.

Let's re-do some of the exercises we did with fully sticky prices to see whether the conclusions change once

we have partially sticky prices. Figure 14.7.2 shows the e�ects of a change in impatience, as captured by the

discount factor β. Inspecting equations (14.6.2), (14.7.6) and (14.7.5), the only place where β shows up is in

the IS equation, which shifts up and to the right. This is the same e�ect shown in Figure 14.5.1. Just like with

purely sticky prices, the result is an increase in GDP, as impatient households demand more output. With

partially sticky prices, we also have an increase in the price level, as �exible-price producers raise their prices

to maintain their markups.

Figure 14.7.3 shows the e�ects of a productivity shock, with the production function increasing to Y1 =

AF1(L) with A > 1. As we saw before, productivity does not enter the IS and LM equations.5 However, it

5Technically, productivity does enter the modi�ed LM equation (14.7.6). The Phillips Curve shifts and (14.7.6) builds the
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Response to shocks

• Unchanged effects on IS as Phillips curve does not alter IS

• Qualitatively unchanged effects on LM as Phillips curve only
modifies LM

• Phillips curve implies higher p1 when shock increases Y1 at
given productivity

Higher productivity implies lower p1 as “flexible” workers
lower prices in response to lower marginal costs
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15 Monetary and Fiscal Policy

Introduce policy in New Keynesian model (ch. 14)

15.1 Fiscal Policy

Government spending (cspt, inv), G, enters resource constraint

Y1 = c1 + K + G (assume G2 = 0)

Lump-sum tax, timing irrelevant (Ricardian equivalence)

Modified IS equation (assuming G does not directly enter u)

u′(Y1− G− K(i− π)) = β(1 + i− π)u′(F2(K(i− π)))
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Fiscal stimulus shifts IS right, Y1, i rise

G

G i

@Y1

@G
= �

@�
@G
@�
@Y1

i

@Y1

@G
= �

@�
@G
@�
@Y1

= ��u0 (Y1 � G � K (i � ⇡))

u0 (Y1 � G � K (i � ⇡))
= 1

G

Kurlat (2020)
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Government spending multiplier, holding i constant

∂Y1

∂G
|i = −

−u′′(Y1− G− K(i− π))

u′′(Y1− G− K(i− π))
= 1

• Constant Y1− G, i⇒ unchanged consumption, investment

• No wealth effect as taxes increase with G

Compare with Old Keynesian model (Y1 = c(Y1) + K + G)

∂Y1

∂G
|i =

1
1− c′(Y1)

> 1

• Wealth effect as consumption does not reflect taxes (myopia
or no Ricardian equivalence)
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Government spending multiplier with endogenous i

• Also take LM into account

• Stimulus raises output but also money demand, i (holding
MS constant), crowds out c1, K

• Steep LM⇒ small effect on Y1, large effect on i

• Flat LM⇒ near unity effect on Y1, small effect on i

• Different multiplier when MS adjusts, e.g., to stabilize i

• Ramey (2011) survey evidence suggests multiplier∈ [0.8, 1.5]
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15.2 Monetary Policy

Monetary stimulus shifts LM right, i falls, Y1 rises

• Higher MS lowers i (given Y1)

• Lower i stimulates c1, K

• Firms supply quantity demanded, Y1 increases

(Higher Y1 partly counteracts stimulus)

• Real-world central banks directly set i rather than MS

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 218 15 Monetary and Fiscal Policy



1

G

0.8 1.5

Kurlat (2020)

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 219 15 Monetary and Fiscal Policy



Expectations-augmented Phillips curve

• Ch. 14: Phillips curve with flexible and sticky price setters

p1 =
µpsticky

1
1− (1− µ) · real marginal cost ·markup

“Naive” interpretation suggests inflation-activity menu

• New: “Sticky” agents set prices optimally, psticky
1 = E[pflex

1 ]

Yields expectations-augmented Phillips curve
p1/E[p1]− µ

1− µ
= real marginal cost ·markup

“Inflation surprise”-activity menu
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The “Natural Rate”

• Rational (model consistent) expectations imply “natural” rate
of (un)employment, output, except after surprise shock

• Vertical Phillips curve—output, employment independent
of inflation, except for surprise

• Allocation as with flexible prices, except for surprise

(With markup neutralizing subsidy, RBC allocation, except
for surprise)
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Temptation, value of commitment (Barro and Gordon, 1983)

• Expectations-augmented Phillips curve (simplified)

π1−E[π1] = a(Y1−YN
1 )

• Central bank targets Y?
1 > YN

1 , dislikes inflation

loss = (Y1−Y?
1 )

2 + φπ2
1

• Ex-post incentive to “surprise,” conditional on E[π1]

min
Y1,π1

loss s.t. Phillips curve ⇒ π1 = χE[π1] + ψ(Y?
1 −YN

1 )

• Ex ante, agents form rational expectations

E[π1] = π1 ⇒ Y1 = YN
1 , π1 = ϕ(Y?

1 −YN
1 ) > 0

© Dirk Niepelt, September 11, 2023 Macroeconomics I, p. 222 15 Monetary and Fiscal Policy



Conclusion

• Inflationary bias: High equilibrium π1 but still Y1 = YN
1

Ex-post temptation leads to high E[π1] ex ante

Conditional on high E[π1] central bank chooses π1 = E[π1]

• If central bank could credibly promise π1 = 0 then better
outcome with E[π1] = π1 = 0, Y1 = YN

1

But time-inconsistency problem

• Central bank independence (from government, voters), “con-
servative central banker” as commitment devices (Rogoff,
1985)
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15.3 Monetary Policy Regimes

Norms, objectives, procedures steer expectations

• Discretion (ex-post optimization—not ex-ante rule) gener-
ates inflation bias (Barro and Gordon, 1983)

• Rules eliminate bias but reduce flexibility (commitment-flexibility
tradeoff)

Money growth rule problematic when money demand changes

Gold standard, exchange rate peg problematic when rela-
tive gold price, real exchange rate changes

Inflation targeting, Taylor rules
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Policy regimes and Phillips curve

• Surprise shocks to IS, LM but constant inflation expectations
imply output, inflation movements along stable Phillips curve
(US until 1960s?)

• Credible inflation targeting (central bank stabilizes π), shocks
to productivity imply flat Phillips curve (US post 1980s?)

• Central bank countering changing inflation expectations by
opposite inflation surprises implies negatively sloped Phillips
curve (US 1970s to 1980s?)
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15.4 The Liquidity Trap

Shifting LM right in order to lower i, expand Y1 has its limits

Lower bound at i ≈ 0 where holding money becomes costless

i = 0

 

Kurlat (2020)
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Liquidity trap: LM shift cannot undo output effect of IS shock

15.4. The Liquidity Trap

Remember, the LM curve is just the representation of the money-market equilibrium condition. If i = 0,

there is no opportunity cost of holding money: other assets like bonds also pay zero interest. If interest rates

reach this point, then further increases in the money supply cannot lower the interest rate any further: people

are perfectly willing to hold more and more money instead of other assets. In other words, since money always

pays zero interest, it cannot be the case that other assets pay negative interest rates because people would

just hold money instead.6

Limits on Monetary Policy

Suppose now that an economy su�ers a large negative shock, as shown in Figure 15.4.2. This is like the shock

we looked at in Section 15.2, just larger. In fact, the negative shock is so large that even bringing the interest

rate all the way down to zero with very expansionary monetary policy is not enough to restore output to its

previous level. This situation is known as a �liquidity trap�.

Fig. 15.4.2: The liquidity
trap.

It's a trap in the sense that conventional monetary policy has no power to help the economy escape. It is

sometimes said that expanding the money supply in a liquidity trap is like �pushing on a string�.7

6This argument has been tested recently. Some countries like Switzerland and Sweden have had negative nominal interest
rates. It turns out that the theoretical argument that once the interest rate becomes negative people would hold all their wealth
as physical cash in a safe deposit box in order to earn zero interest is not exactly right. Storing physical currency has its own
disadvantages: it can get stolen or lost, safe deposit boxes are costly and, unlike bank deposits, physical cash cannot be used to
make online payments. Still, it is believed to be unlikely that interest rates could be very negative for very long.

7This metaphor is often attributed to Keynes, but it's unclear whether he is the original source.
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Fiscal policy in liquidity trap

• Increase in G remains effective

• In fact, more so than outside liquidity trap because no crowd-
ing out

Forward guidance as alternative monetary policy instrument (Krug-
man, 1998)

• Central bank “promises” high future inflation (treated as
given so far) [Fed, ECB in 2020–21]

Lowers real interest rate (i ≈ 0), stimulates c1, K

• More generally, “forward guidance” to affect expectations
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C Financial Crises

C.1 Shocks vs. Crises

Negative shocks affect prices, allocation

• Without frictions, shocks impair welfare but optimal private
sector responses limit damage

• With frictions, privately optimal but socially suboptimal re-
sponses amplify effects, trigger crises, motivate government
intervention

Bank crises particularly costly as banks play key role for pay-
ments, investment (financial crisis 2007–08)
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C.2 Banks

Firm financing costs, role of banks

• Financial structure irrelevant (Modigliani and Miller, 1958)

• Unless it affects incentives (asymmetric information), . . .

• Only banks, not markets may fund firms at affordable rates,
bank lending channel (Bernanke and Blinder, 1988)

• When banks also face financial frictions, shocks to bank net
worth get amplified (Bernanke and Gertler, 1989)

• Bank net worth responds to asset prices
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Government support

• Deposit insurance, central bank lender-of-last-resort support
for illiquid (money creation), not insolvent banks (Bagehot)

• Government bailouts of “too-big-to-fail” banks make tax-
payer implicit bank creditor

• Anticipated support breeds moral hazard, requires supervi-
sion, regulation (e.g., Glass-Steagall Act of 1933)

• Deregulation in 1980–90s
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C.3 Asset Prices With Financial Frictions

Important to understand because asset prices affect bank net
worth (see above)

Borrowing constraints and asset prices (Kiyotaki and Moore, 1997)

• Investor borrows to invest in productive asset

• Maximum borrowing constrained by pledgeable net worth

• Pledgeable net worth reflects asset value, which falls if other,
unproductive agents hold/price asset

• Shock to investor net worth forces asset sale to other agents,
lowers asset value, further reduces investor net worth, forces
additional asset sales . . .
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Borrowing constraints and asset prices (2) (Geanakoplos, 2010)

• Investors with heterogeneous beliefs about outlook for stock
hold portfolio of stock, safe asset

• In equilibrium, optimists only hold stock, pessimists only
hold safe asset

If investors may borrow, marginal stock owner is even more
optimistic type, stock price higher

• Negative shock tightens borrowing constraint, makes more
pessimistic type marginal stock owner, implies stock price
collapse
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Borrowing constraints and pecuniary externalities

• Asset price affects borrowing constraint (see above)

• Investors take future asset price as given when investing
but investment choices affect future asset price in crisis, e.g.,
due to “fire sales” to other agents (see above)

• Pecuniary externality: Agent’s action affects equilibrium price

Always present in general equilibrium

• With borrowing constraints pecuniary externalities gener-
ate welfare losses, unlike with complete markets (e.g., Loren-
zoni, 2008)
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C.4 Further Readings

See, e.g., Brunnermeier et al. (2012), Moore (2013)
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