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Today: your first modern macro model

• As already mentioned: model is very (ridiculously) simple, a baby version

• ... but it will have key features of most modern macro models
1. micro foundations
2. general equilibrium

• To make point, will show you what richer modern macro model looks like
• Heterogeneous Agent New Keynesian (HANK) model from my work

https://benjaminmoll.com/HANK/

• one of the most complicated models I can think of...
• ... but will show you: structure is exactly the same
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Plan

1. Reminder: what we want a macro model to speak to

2. Overview of simple macro model

3. Optimal resource allocation: Robinson Crusoe’s problem

4. Decentralized competitive equilibrium

5. First and second welfare theorems: the “invisible hand”

6. What a rich modern macro model looks like: HANK model

7. Putting the simple macro model to use: long-run trends in hours worked
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Useful Readings (most on moodle)

• Your EC2A1 lecture notes on “The Market System” (Weeks 1 and 2)
• treatment very complementary though with some differences

• Varian, chapters 32 and 33
• ch. 32: treatment of first and second welfare theorems
• ch. 33: application to Robinson Crusoe economy

• Chapter 9 of Kurlat, particularly chapter 9.2
• but our treatment is simpler: we use a static one-period model (like
Varian and Williamson)

• ... whereas Kurlat uses more complicated two-period model
• Williamson, chapters 4 and 5
• (PhD-level treatment so only read if interested, also not on moodle)
Chapter 10.B of MasColell-Whinston-Green “Microeconomic Theory” 3



Reminder: what we want a macro model to speak to
Data on macroeconomic aggregates like
1. GDP = aggregate output
2. aggregate hours worked
3. aggregate consumption
4. aggregate investment
5. inflation
6. unemployment
7. ...

Today: build simple model that can speak to 1 to 3. Recall:

• objective is not to build one big model we use to address all issues

• instead “custom build” models for particular questions
4



Reminder from EC1P1: GDP

Gross domestic product: a statistic

10

Definition: GDP is the 
market value of goods 
produced within a 
country during a period 
of time (year).

Invented in 1930s-40s by 
Simon Kuznets at NBER, 
first published in 1942 
for the USA, first UN 
guide in 1953.

For short, call it output.
Source: Our World in Data
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Reminder from EC1P1: GDP

Measurement of GDP

11

• What is sold is what is produced

•  What is produced is what is paid 
out as income to those who 
produced it.

• What is income is what is spent in 
goods (even in savings)

• expenditure = income = production

• GDP is also GDI. (and GDE)

Source:: Mankiw Taylor (2021)

Circular flow in the economy
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Reminder from EC1P1: GDP

Gross domestic product: comparisons across regions

13

Common use: the way 
we measure how well or 
badly countries are doing

One country versus 
another: comparison of 
wellbeing in different 
places in the globe

Must be in same units 
“international dollars”

Source: Our World in Data
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Aggretate hours worked over time 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

139
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Aggregate hours worked and GDP across countries

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
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Overview of simple macro model
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Primitives of the simple macro model

• Preferences:
u(c)− v(h)

• c : consumption of coconuts, u′(c) > 0, u′′(c) < 0
• h: hours worked, v ′(h) > 0, v ′′(h) > 0

• Technology:
y = f (n)

• y : output, i.e. production of coconuts
• n: hours employed, f ′(n) > 0, f ′′(n) < 0

• Resource constraint:
c = y , n = h

11



Study two ways of organizing economy with these primitives

1. “Optimal resource allocation”
• Robinson has utility function u(c)− v(h) and production function
y = f (n) and optimally chooses how much to consume and work

• no markets, prices with this organization, only physical quantities of
coconuts and labor (the “allocation”)

2. “Decentralized competitive equilibrium”
• representative household with utility function u(c)− v(h)
• representative firm with production function y = f (n) (“Crusoe Inc.”)
• (think of large number of identical households, large number of
identical firms rather than literally one household and one firm)

• competitive coconut market: households buy, firms sell coconuts
• competitive labor market: households sell, firms buy labor

12



Study two ways of organizing economy with these primitives

Will show:

• even though these sound very different: close connection

• there is a deep, much more general reason for this: welfare theorems

Logic same as in EC2A1 but

• EC2A1: exchange economy (or endowment economy)⇒ distribution of
resources across different individuals, but no production

• here: production economy (Robinson Crusoe economy)⇒ production but
representative household so nothing to say about distribution

13



Optimal Resource Allocation:
Robinson Crusoe’s Problem

14



Robinson Crusoe’s Problem

• Robinson Crusoe is alone on an island, he lives of coconuts which he
harvests, harvesting coconuts takes time

• ⇒ he chooses c and n to maximize his utility u(c)− v(n) subject to the
constraint that he can only eat the coconuts he harvested c = f (n)

max
c,n
u(c)− v(n) s.t. c = f (n)

• Note: have used that c = y and n = h to drop y and h

• Optimality condition: u′(c)f ′(n) = v ′(n) or
v ′(n)

u′(c)
= f ′(n)

• Together with c = f (n) this pins down optimal (n∗, c∗)
15



Graphical representation of optimality condition
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An increase in productivity from A0 to A1 > A0
Example: Robinson figures out that ladder⇒ more coconuts per hour worked

17



What will happen to consumption and hours worked?
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Intuition: income and substitution effects

Substitution effect:

• A ↑⇒ Robinson’s marginal product of labor ↑

• ⇒ Robinson works more (he substitutes leisure for consumption)

Income effect:

• A ↑⇒ Robinson gets more output per hour worked (he is richer)

• ⇒ Robinson works less (he consumes more leisure because leisure is a
normal good, i.e. a good whose consumption increases with income)

19



Parametric example: functional forms from last lecture
• Production function

f (n) = Anα, 0 < α < 1, A > 0

• Utility function

u(c) = log c, v(n) = θ
n1+1/ε

1 + 1/ε
, θ, ε > 0

(
note: v ′(n) = θn1/ε

)
• Optimality condition

v ′(n)

u′(c)
= f ′(n) ⇒

θn1/ε

1/c
= αAnα−1

• Using that c = Anα, solution is

n∗ =
(α
θ

) ε
1+ε
, c∗ = A

(α
θ

) αε
1+ε

• How do these vary with A, θ, ... and why?
20



An increase in productivity in the parametric example

21



Competitive Equilibrium
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Competitive equilibrium: Plan

1. Define “competitive equilibrium” for a general, abstract economy

• only sketch this in lecture notes, see supplement for details
• important thing is not the precise maths but to understand general
structure

2. Apply analysis to Robinson Crusoe economy

23



Preview of general definition of competitive equilibrium

The following will be useful only in retrospect after you’ve seen next slides /
supplement

A competitive equilibrium (CE) are quantities and prices that satisfies three
types of conditions

1. Households maximize taking prices as given

2. Firms maximize taking prices as given

3. All markets clear

Next: flesh this out in more detail
24



Definition of CE for general, abstract economy (supplement)

• I consumers (households) indexed by i = 1, ..., I
• J producers (firms) indexed by j = 1, ..., J
• K factors of production (inputs) indexed by k = 1, ..., K
• L final goods indexed by ℓ = 1, ..., L

• Preferences: household i ’s utility over L goods and K factors
• Technology: firm j ’s production function for producing good ℓ
• Resource constraints (feasibility):

total demand of good ℓ = total supply of good ℓ, all ℓ = 1, ...,M
total demand of factor k = total supply of factor k, all k = 1, ..., K

25



Prices and price-taking (from EC1A1 notes)

Final bit of notation: prices
• pℓ: price of good ℓ = 1, ..., L
• p̃k : price of factor k = 1, ..., K

Assumption: both households and firms are price takers. From EC1A1 notes:

• Price taking implies the firm has no market power
• Nothing it can do affects the prices it gets for its output (or pays for its inputs)
• …but price-taking does not mean prices do not change

When is price taking plausible?
• Price taking is plausible if the firm has a small market share
• Many small producers produce a homogeneous good
• Everyone can observe prices

How much will a price taking firm produce to maximise profit? 

Price taking 

4
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General definition of competitive equilibrium (CE)

Definition: a competitive equilibrium are quantities and prices {pℓ, p̃k} for
ℓ = 1, ..., L, k = 1, ..., K, i = 1, ..., I and j = 1, ..., J such that:

1. Utility maximization: taking as given prices {pℓ, p̃k}, households maximize
utility subject to their budget constraints

2. Profit maximization: taking as given prices {pℓ, p̃k}, firms maximize profits

3. Market clearing: demand = supply for each good and each factor

total demand of good ℓ = total supply of good ℓ, all ℓ = 1, ...,M
total demand of factor k = total supply of factor k, all k = 1, ..., K

27



Useful facts about CEs: numeraire good and Walras’ law
• Numeraire good: only relative prices pℓ/pℓ′ matter⇒ can always
“normalize” price of one good or factor to 1, e.g. price of good 1, p1 = 1
• only N − 1 variable where N = K + L = number of goods and factors

• Walras’ law in words: if we have found prices {pℓ, p̃k} such that all
markets clear except one (i.e. demand = supply in all markets except
one), then the remaining market must also clear (i.e. demand must also
equal supply in that remaining market)
• only N − 1 equations which makes sense given N − 1 variables

• Idea of proof (see Varian and MWG textbooks for formal proof):
• add up all budget constraints and all firm profits
• ... use all market clearing conditions except one
• then the algebra implies the one remaining market clearing condition

• Useful implication: when computing a competitive equilibrium in practice
we can drop one market clearing condition (and we will frequently do so) 28



Now: apply analysis to Robinson Crusoe economy

Special case with:
• I = 1 consumer: representative household
• J = 1 producer: representative firm
• K = 1 factor of production: labor
• L = 1 final good: coconuts

Prices:
• make coconuts the numeraire and normalize its price to 1
• only price is the wage (= price of labor)

Ownership: the representative household owns the representative firm and
therefore receives its profits as dividends

29



Competitive equilibrium in Robinson Crusoe economy

Definition: a competitive equilibrium in the Robinson Crusoe economy are
quantities (c, y , n, h) and a wage w such that
1. Utility maximization: taking as given w (and also Π), the representative

household chooses (c, h) to solve
max
c,h
u(c)− v(h) s.t. c = wh +Π

2. Profit maximization: taking as given w , the representative firm chooses n
and y = f (n) to solve

Π = max
n
f (n)− wn

3. Market clearing: demand = supply for both coconuts and labor
coconut market: c = y

labor market: n = h 30



Comments on CE in Robinson Crusoe economy

Taken literally, the CE defined on previous slide has following features
1. one household, one firm
2. household = firm’s only employee
3. household = firm’s only customer
4. firm is fully owned by household

Question: isn’t this completely schizophrenic?
• if it’s literally just one household and one firm, why would they trade with
each other in these competitive markets and even act as price takers?
• surely the household would just decide how much to work, tell the firm
how much to produce, then eat it?
• why would Robinson articifically split himself in two and trade with himself?

Answer: yes, this is 100% correct, taken literally this definition of a competitive
equilibrium is completely schizophrenic 31



Alternative interpretation: large number of households, firms
• BUT there is an alternative interpretation that is considerably less crazy:
• there is a large number of households i = 1, ..., I
• there is a large number of firms j = 1, ..., J
• all households are identical: have same utility function u(ci , hi)
• all firms are identical: have same production function f (ni)
• resource constraints / market clearing conditions:

I∑
i=1

ci =

J∑
j=1

yj ,

J∑
j=1

nj =

I∑
i=1

hi ,

• In this interpretation, trade and price-taking are much more sensible
• But equations same: clearly all households choose same (ci , hi), all firms
choose same (yj , nj)
• ⇒ think of (c, h, y , n) as variables in per capita terms

32



Equations characterizing CE in Robinson Crusoe economy

Definition: a competitive equilibrium in the Robinson Crusoe economy are
quantities (c, y , n, h) and a wage w such that
1. Utility maximization: taking as given w , the representative household

chooses (c, h) to solve
max
c,h
u(c)− v(h) s.t. c = wh +Π

2. Profit maximization: taking as given w , the representative firm chooses n
and y = f (n) to solve

Π = max
n
f (n)− wn

3. Market clearing: demand = supply for both coconuts and labor
coconut market: c = y

labor market: n = h 33



Equations characterizing CE in Robinson Crusoe economy

Definition: a competitive equilibrium in the Robinson Crusoe economy are
quantities (c, y , n, h) and a wage w such that
1. Utility maximization: taking as given w , the representative household

chooses (c, h) such that
v ′(h)

u′(c)
= w

2. Profit maximization: taking as given w , the representative firm chooses n
and y = f (n) such that

f ′(n) = w

3. Market clearing: demand = supply for both coconuts and labor
coconut market: c = y

labor market: n = h 34



Equations characterizing CE in Robinson Crusoe economy

Summary: a CE are are quantities (c, y , n, h) and a wage w such that

v ′(h)

u′(c)
= w (1)

f ′(n) = w (2)
y = f (n) (3)
c = y (4)
n = h (5)

Always want to check: same number of equations and unknowns?

Here: 5 equations (1)-(5) in 5 unknowns (c, y , n, h, w) so this looks promising

35



Equations characterizing CE in Robinson Crusoe economy

• Let’s solve these equations as far as possible:
• equating (1) and (2) and using (4)

v ′(n)

u′(c)
= f ′(n) (∗)

• using (3) and (4)
c = f (n) (∗∗)

• So equilibrium allocation (c, n) satisfies (∗) and (∗∗)

• But these are same equations as in optimal resource allocation problem!

• So equilibrium allocation (c, n) satisfies same two equations as optimal
allocation (c∗, n∗)⇒ CE allocation = optimal allocation!

• What’s going on?
36



What’s going on? Recall utility and profit maximization

37



Competitive equilibrium in Robinson Crusoe economy

38



A remarkable fact about the competitive equilibrium
• Have studied equilibrium in which households and firms maximize taking
as given prices and trade in competitive markets

• Somehow magically the resulting competitive equilibrium allocation =
optimal allocation!

• So even though both households and firms act purely in their own
self-interest and only do what’s individually optimal for them (maximize
utility and profits), this generates an allocation that is jointly optimal!

• Also has a convenient practical implication for us: instead of solving for CE
can just solve for optimal allocation (which is much easier).

• Natural questions:
• is this true more generally?
• if so, when does this hold? Always? Sometimes? Under reasonable
conditions? Under crazy conditions? 39



Welfare Theorems: the “Invisible Hand”

40



Pareto efficiency (or Pareto optimality)

• Consider general economy from earlier with many individuals i = 1, ..., I

• Definition: an allocation is Pareto efficient (PE) if it is impossible to find
another feasible allocation that improves everyone’s welfare
• more precisely: there is no feasible allocation that makes one
individual better off without making another worse off

• feasible allocation = allocation that respects resource constraints

• If PE, government intervention cannot make everyone better off

• But note: while Pareto efficiency is desirable it is also a very weak
requirement (a single person consuming everything may be PE)
• “A society can be Pareto optimal and still perfectly disgusting” (Sen)

• To find Pareto efficient allocations: solve problem of fictitious “social
planner” who maximizes weighted sum of individual utilities s.t. feasibility 41



Pareto efficiency in Robinson Crusoe economy
• One individual or everyone identical (and gets same): no dist’nal conflict
• PE = allocation that attains highest utility of rep household s.t. feasibility
• Definition: a Pareto efficient allocation in the Robinson Crusoe economy
are quantities (c, y , n, h) that maximize household utility

u(c)− v(h)
subject to being technologically feasible

y = f (n), c = y , n = h.

• Can interpret as problem of fictitious benevolent social planner
• But exact same problem we solved earlier! max u(c)− v(n) s.t. c = f (n)
• So when we studied “optimal resource allocation” or “Robinson Crusoe’s
problem” we actually studied the Pareto efficient allocation in this economy
• In this economy, CE allocation = PE allocation. True more generally?

42



First and second welfare theorems

Very roughly:

• 1st welfare theorem: (under some strong assumptions) CE allocations
are PE, i.e. CE⇒ PE

• 2nd welfare theorem: (under even stronger assumptions*) PE
allocations are CE, i.e. CE⇐ PE

• Together: CE⇔ PE

*even stronger assumptions = same assumptions as 1st welfare theorem +
“convexity assumptions”, e.g. utility and production functions are concave

For more precise treatment, see references in beginning of slides in particular
Varian and MWG

43



First welfare theorem: the “invisible hand”

Focus on first welfare theorem and unpack assumptions a bit
• 1st welfare theorem: if

1. perfect competition (individuals and firms are price takers)
2. individuals and firms are rational
3. no externalities
4. perfect information

then CE allocations are Pareto efficient

• How to think about this result and the “invisible hand”?

• Does it perhaps mean that free markets always deliver socially optimal
outcomes and government intervention is never desirable?

44



Limitations and uses of the first welfare theorem
• Does 1st welfare theorem mean that free markets always deliver socially
optimal outcomes and government intervention is never desirable?
• Definitely not. Instead 1st welfare theorem is all about its assumptions.
• violations of these are called “market failures” or “frictions”
• in real world and also in modern macro, market failures and frictions
are everywhere

• “The reason that the invisible hand often seems invisible is that it is
often not there” (Stiglitz)

• ... but 1st welfare theorem is nevertheless an important benchmark
• In my view, perhaps the most important use of 1st welfare theorem: force
you to think about rationale for policy intervention
• what market failures, frictions, externalities are there?
• once identified, what policies can tackle these? (targeting principle)

45



Idea of proof of 1st welfare theorem: CE⇒ PE

Idea of proof of 1st welfare theorem: CE⇒ PO

⇒

44

Idea: if indifference curves and production possibilities are tangent to price line,
then they are also tangent to each other and hence allocation is optimal
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Idea of proof of 2nd welfare theorem: PE⇒ CE

Idea of proof of 1st welfare theorem: CE⇒ PO

⇒

44

Idea: if indifference curves and production possibilities are tangent to each
other, then can find a price line that separates them in a tangent fashion

• in general (see MWG): a “separating hyperplane”
47



Link to EC2A1: logic exactly same as in exchange economy

The First Fundamental Welfare Theorem

Competitive Equilibrium in an Edgeworth Box

TJB (LSE) Ec 2A1 January 2023 70 / 81

• EC2A1: exchange economies (or endowment economies)
• Here: production economies, e.g. Robinson Crusoe economy
• Different uses but same logic, welfare theorems are very general

48



Another use of welfare theorems: a shortcut for finding CE

• In many applications, planning problem is much easier to solve than CE
• think of Robinson Crusoe economy

• In such cases: if welfare theorems hold, can use planning problem as a
shortcut to find CE allocation
• will often see this in macro, and will sometimes do this in this course

• Obviously only works if assumptions of welfare theorems hold, i.e. if there
are no market failures / frictions
• technically need PE⇒ CE so need 2nd welfare theorem assumptions
(recall = same as 1st welfare theorem + “convexity assumptions”)

• in practice assumptions of 1st welfare theorem will fail so check those
49



Equilibrium vs Planning Problem: Key Differences

• Even though the competitive equilibrium and planning problem may lead
to the same allocation, they are very different animals

• Some key differences to remember when you solve these in practice

1. equilibrium features prices, the planning problem does not
2. equation for resource constraint plays mathematically different roles:

• in competitive equilibrium: market clearing condition
• in planning problem: constraint on planner’s maximization problem

• A typical mistake that students make: write planning problem as planner
maximizing utility subject to budget constraint (which features prices)
• Please don’t do this. If in exam: zero points on that subquestion.

50



A much richer modern macro model:
HANK

51



A richer modern macro model
• I picked one that I know well: a Heterogeneous Agent New Keynesian
(HANK) model from my own work https://benjaminmoll.com/HANK/

American Economic Review 2018, 108(3): 697–743 
https://doi.org/10.1257/aer.20160042

697
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Monetary Policy According to HANK†

By Greg Kaplan, Benjamin Moll, and Giovanni L. Violante*

We revisit the transmission mechanism from monetary policy to 
household consumption in a Heterogeneous Agent New Keynesian 
(HANK) model. The model yields empirically realistic distributions 
of wealth and marginal propensities to consume because of two fea-
tures: uninsurable income shocks and multiple assets with different 
degrees of liquidity and different returns. In this environment, the 
indirect effects of an unexpected cut in interest rates, which operate 
through a general equilibrium increase in labor demand, far out-
weigh direct effects such as intertemporal substitution. This finding 
is in stark contrast to small- and medium-scale Representative Agent 
New Keynesian (RANK) economies, where the substitution channel 
drives virtually all of the transmission from interest rates to con-
sumption. Failure of Ricardian equivalence implies that, in HANK 
models, the fiscal reaction to the monetary expansion is a key deter-
minant of the overall size of the macroeconomic response. (JEL D31, 
E12, E21, E24, E43, E52, E62)

A prerequisite for the successful conduct of monetary policy is a satisfactory 
understanding of the monetary transmission mechanism—the ensemble of economic 
forces that determine how the actions of the monetary authority affect the aggregate 
performance of the economy. This paper follows the tradition of treating the short-
term nominal interest rate as the primary monetary policy instrument and is concerned 
with its transmission to the largest component of GDP, household consumption.

Changes in interest rates influence household consumption through both direct 
and indirect effects. Direct effects are those that operate even in the absence of any 
change in household disposable labor income. The most important direct effect is 
intertemporal substitution: when real rates fall, households save less or borrow more 
and, therefore, increase their demand for consumption. In general equilibrium, addi-
tional indirect effects on consumption arise from the expansion in labor demand, and 
thus in labor income, that emanates from the direct impact of the original  interest 

• ... but could have also picked lots of other papers / models
• See Carlin-Soskice chapter on moodle for good accessible discussion of
the heterogeneous agent and HANK literatures 52
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A richer modern macro model

• A very complicated model with lots of bells & whistles

• lots of heterogeneity and inequality
• lots of assumptions that invalidate welfare theorems (borrowing
constraints, incomplete insurance markets, monopolistic comp., ...)
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• Still the model’s structure is exactly the same as our baby model
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Primitives of the HANK economy
• Preferences:

709KAPLAN ET AL.: MONETARY POLICY ACCORDING TO HANKVOL. 108 NO. 3

Households receive a utility flow  u  from consuming   c t   ≥ 0  and a disutility flow 
from supplying labor   ℓ t    , where   ℓ t   ∈ [0, 1]  are hours worked as a fraction of the time 
endowment, normalized to 1. The function  u  is strictly increasing and strictly con-
cave in consumption, and strictly decreasing and strictly convex in hours worked. 
Preferences are time-separable and, conditional on surviving, the future is dis-
counted at rate  ρ ≥ 0 :

(10)   E 0    ∫ 
0
  
∞

   e   − (ρ+ζ) t  u( c t  ,  ℓ t  ) dt, 

where the expectation is taken over realizations of idiosyncratic productivity shocks. 
Because of the law of large numbers, and the absence of aggregate shocks, there is 
no economy-wide uncertainty.

Households can borrow in liquid assets  b  up to an exogenous limit    b _    at the real 
interest rate of   r  t  b−  =  r  t  b  + κ  , where  κ > 0  is an exogenous wedge between 
 borrowing and lending rates. With a slight abuse of notation,   r  t  b  ( b t  )  summarizes the 
full interest rate schedule.

Assets of type  a  are illiquid in the sense that households need to pay a cost for 
depositing into or withdrawing from their illiquid account. We use   d t    to denote a 
household’s deposit rate (with   d t   < 0  corresponding to withdrawals) and  χ( d t  ,  a t  )  
to denote the flow cost of depositing at a rate   d t    for a household with illiquid hold-
ings   a t   . As a consequence of this transaction cost, in equilibrium the illiquid asset 
pays a higher real return than the liquid asset, i.e.,   r  t  a  >  r  t  b  . Short positions in illiq-
uid assets are not allowed.

A household’s asset holdings evolve according to

(11)    b ̇   t    = (1 −   τ t   )  w t      z t      ℓ t    +   r  t  
b  (  b t   )  b t    +   T t    −   d t    − χ(  d t   ,   a t   ) −   c t    ,

(12)    a ̇   t    =   r  t  
a    a t    +   d t   ,

(13)   b t    ≥ −   b _   ,    a t    ≥ 0.

Savings in liquid assets    b ̇   t    equal the household’s income stream (composed of labor 
earnings taxed at rate   τ t   , interest payments on liquid assets, and government transfers   
T t   ) net of deposits into or withdrawals from the illiquid account   d t    , transaction costs  
χ( d t  ,  a t  ) , and consumption expenditures   c t   . Net savings in illiquid assets    a ̇   t    equal 
interest payments on illiquid assets plus net deposits from the liquid account   d t   .  
Note that while we distinguish between liquid and illiquid assets, we net out assets 
and liabilities within the two asset classes. That is, ours is not a model of gross 
positions.

The functional form for the transaction cost  χ(d, a)  is given by

(14)  χ(d, a) =  χ 0   | d |  +  χ 1    |   d __ a   |    
 χ 2  

 a. 

This transaction cost has two components that play distinct roles. The linear com-
ponent generates an inaction region in households’ optimal deposit policies because 
for some households the marginal gain from depositing or withdrawing the first dol-
lar is smaller than the marginal cost of transacting   χ 0   > 0 . The convex component  
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( χ 1   > 0,  χ 2   > 1)  ensures that deposit rates are finite,  |  d t   | < ∞  and hence house-
hold’s holdings of assets never jump. Finally, scaling the convex term by  illiquid 
assets  a  delivers the desirable property that marginal costs   χ d   (d, a)  are homoge-
neous of degree zero in the deposit rate  d/a  so that the marginal cost of transacting 
depends on the fraction of illiquid assets transacted, rather than the raw size of the 
transaction.17

Households maximize (10) subject to (11)–(14). They take as given equilibrium 
paths for the real wage   { w t  } t≥0    , the real return to liquid assets   { r  t  b } t≥0    , the real return 
to illiquid assets   { r  t  a } t≥0    , and taxes and transfers   { τ t  ,  T t  } t≥0   . As we explain below,   
{ r  t  b } t≥0    will be determined by monetary policy and a Fisher equation, and   { w t  } t≥0    
and   { r  t  a } t≥0    will be determined by market clearing conditions for capital and labor. 
In online Appendix B.1 we describe the household’s problem recursively with a 
Hamilton-Jacobi-Bellman equation. In steady state, the recursive solution to this 
problem consists of decision rules for consumption  c(a, b, z; Γ) , deposits  d(a, b, z; Γ) ,  
and labor supply  ℓ(a, b, z; Γ) , with  Γ ≔ ( r   b ,  r   a , w, τ, T ) .18 These decision rules 
imply optimal drifts for liquid and illiquid assets and, together with a stochastic 
process for  z , they induce a stationary joint distribution of illiquid assets, liquid 
assets, and labor income  μ(da, db, dz; Γ) . In the online Appendix, we also describe 
the Kolmogorov forward equation that characterizes this distribution. Outside of 
steady state, each of these objects is time-varying and depends on the time path of 
prices and policies   { Γ t  } t≥0   ≔  { r  t  b ,  r  t  a ,  w t  ,  τ t  ,  T t  } t≥0   .

Final-Goods Producers.—A competitive representative final-good producer 
aggregates a continuum of intermediate inputs indexed by  j ∈ [0, 1] 

   Y t   =   ( ∫ 
0
  
1
   y  j, t    ε−1 ___ ε    dj)    

  ε ___ ε−1  
  ,

where  ε > 0  is the elasticity of substitution across goods. Cost minimization 
implies that demand for intermediate good  j  is

   y j, t   (   p j, t  ) =   (  
 p j, t   ___  P t  

  )    
−ε

  Y t  ,  where   P t   =   ( ∫ 
0
  
1
   p  j, t  1−ε  dj)    

  1 ___ 1−ε  
 . 

Intermediate Goods Producers.—Each intermediate good  j  is produced by a 
monopolistically competitive producer using effective units of capital   k j, t    and effec-
tive units of labor   n j, t    according to the production function

(15)   y j, t   =  k  j, t  α    n  j, t  1−α . 

17 Because the transaction cost at  a = 0  is infinite, in computations we replace the term  a  with  max {a,   a _  }  , 
where the threshold    a _   > 0  is a small value (always corresponding to less than $500 in all calibrations) that guar-
antees costs remain finite even for households with  a = 0 . 

18 In what follows, when this does not lead to confusion, we suppress the explicit dependence of decision rules 
on the vector of prices and policies  Γ . 
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bonds of infinitesimal maturity   B  t  g  , with negative values denoting government debt. 
Its intertemporal budget constraint is

(24)    B ̇    t  g  +  G t   +  T t   =  τ t    ∫ 
 
      w t  z ℓ t   (a, b, z)  d μ t   +  r  t  b   B  t  g  .

Outside of steady state, the fiscal instrument that adjusts to balance the budget can 
be either   τ t   ,   T t   , or   G t   . In our experiments, we consider various alternatives.

B. Equilibrium

An equilibrium in this economy is defined as paths for individual household 
and firm decisions   { a t  ,  b t  ,  c t  ,  d t  ,  ℓ t  ,  n t  ,  k t  } t≥0   , input prices   { w t  ,  r  t  k } t≥0   , returns on liquid 
and illiquid assets   { r  t  b ,  r  t  a } t≥0   , the share price   { q t  } t≥0    , the inflation rate   { π t  } t≥0   , fiscal 
variables   { τ t  ,  T t  ,  G t  ,  B t  } t≥0   , measures   { μ t  } t≥0   , and aggregate quantities such that, at 
every  t : (i) households and firms maximize their objective functions taking as given 
equilibrium prices, taxes, and transfers; (ii) the sequence of distributions satisfies 
aggregate consistency conditions; (iii) the government budget constraint holds; and 
(iv) all markets clear. There are five markets in our economy: the liquid asset (bond) 
market, markets for capital and shares of the intermediate firms (that can be folded 
into a single illiquid asset), the labor market, and the goods market.

The liquid asset market clears when

(25)   B  t  h  +  B  t  g  = 0, 

where   B  t  g   is the stock of outstanding government debt and   B  t  h  =  ∫       b d μ t    are total 
household holdings of liquid bonds. The illiquid asset market clears when phys-
ical capital   K t    plus the equity value of monopolistic producers   q t    (with the total 
number of shares normalized to 1) equals households’ holdings of illiquid assets  
  A t   =  ∫       a d μ t    ,

(26)   K t   +  q t   =  A t  . 

The labor market clears when

(27)   N t   =  ∫ 
 
     z ℓ t   (a, b, z) d μ t  . 

Finally, the goods market clearing condition is

(28)   Y t   =  C t   +  I t   +  G t   +  Θ t   +  χ t   + κ  ∫ 
 
      max  

 
    {−b, 0}  d μ t  . 

Here,   Y t    is aggregate output,   C t    is total consumption expenditures,   I t    is gross addi-
tions to the capital stock   K t   ,   G t    is government spending,   Θ t    are total price adjustment 
costs, and the last two terms reflect transaction and borrowing costs (to be inter-
preted as financial services).
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( χ 1   > 0,  χ 2   > 1)  ensures that deposit rates are finite,  |  d t   | < ∞  and hence house-
hold’s holdings of assets never jump. Finally, scaling the convex term by  illiquid 
assets  a  delivers the desirable property that marginal costs   χ d   (d, a)  are homoge-
neous of degree zero in the deposit rate  d/a  so that the marginal cost of transacting 
depends on the fraction of illiquid assets transacted, rather than the raw size of the 
transaction.17

Households maximize (10) subject to (11)–(14). They take as given equilibrium 
paths for the real wage   { w t  } t≥0    , the real return to liquid assets   { r  t  b } t≥0    , the real return 
to illiquid assets   { r  t  a } t≥0    , and taxes and transfers   { τ t  ,  T t  } t≥0   . As we explain below,   
{ r  t  b } t≥0    will be determined by monetary policy and a Fisher equation, and   { w t  } t≥0    
and   { r  t  a } t≥0    will be determined by market clearing conditions for capital and labor. 
In online Appendix B.1 we describe the household’s problem recursively with a 
Hamilton-Jacobi-Bellman equation. In steady state, the recursive solution to this 
problem consists of decision rules for consumption  c(a, b, z; Γ) , deposits  d(a, b, z; Γ) ,  
and labor supply  ℓ(a, b, z; Γ) , with  Γ ≔ ( r   b ,  r   a , w, τ, T ) .18 These decision rules 
imply optimal drifts for liquid and illiquid assets and, together with a stochastic 
process for  z , they induce a stationary joint distribution of illiquid assets, liquid 
assets, and labor income  μ(da, db, dz; Γ) . In the online Appendix, we also describe 
the Kolmogorov forward equation that characterizes this distribution. Outside of 
steady state, each of these objects is time-varying and depends on the time path of 
prices and policies   { Γ t  } t≥0   ≔  { r  t  b ,  r  t  a ,  w t  ,  τ t  ,  T t  } t≥0   .

Final-Goods Producers.—A competitive representative final-good producer 
aggregates a continuum of intermediate inputs indexed by  j ∈ [0, 1] 

   Y t   =   ( ∫ 
0
  
1
   y  j, t    ε−1 ___ ε    dj)    

  ε ___ ε−1  
  ,

where  ε > 0  is the elasticity of substitution across goods. Cost minimization 
implies that demand for intermediate good  j  is

   y j, t   (   p j, t  ) =   (  
 p j, t   ___  P t  

  )    
−ε

  Y t  ,  where   P t   =   ( ∫ 
0
  
1
   p  j, t  1−ε  dj)    

  1 ___ 1−ε  
 . 

Intermediate Goods Producers.—Each intermediate good  j  is produced by a 
monopolistically competitive producer using effective units of capital   k j, t    and effec-
tive units of labor   n j, t    according to the production function

(15)   y j, t   =  k  j, t  α    n  j, t  1−α . 

17 Because the transaction cost at  a = 0  is infinite, in computations we replace the term  a  with  max {a,   a _  }  , 
where the threshold    a _   > 0  is a small value (always corresponding to less than $500 in all calibrations) that guar-
antees costs remain finite even for households with  a = 0 . 

18 In what follows, when this does not lead to confusion, we suppress the explicit dependence of decision rules 
on the vector of prices and policies  Γ . 
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Long-run trends in hours worked
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Aggretate hours worked over time 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

139

57



Aggregate hours worked and GDP across countries

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
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Can our parametric example reproduce these trends?

n∗ =
(α
θ

) ε
1+ε
, c∗ = A

(α
θ

) αε
1+ε
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What alternative model specification can?
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Interesting recent book: “Friday is the new Saturday”
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