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Today: your first dynamic modern macro model
• So far: static models = models without time
• But lots of questions in macro are inherently dynamic = they involve time
• Why do economies grow? Why ≈ constant long-run growth rates?
• Why booms, busts? Should policy stabilize business cycles? How?
• In typical recession, why does I decline more than C?
• even true for questions we’ve already covered, e.g. Germany without
Russian gas⇒ importance of time horizon for (le Chatelier)

• ... but so far we discussed such issues “outside of the model”
• Today and rest of course: there is time t = 0, 1, 2, ... (typically discrete)
• Have already seen a dynamic model = Solow model, but no
microfoundations (so ̸= modern macro)
• Also recall Keynesian IS-MP-PC model from EC1B1: t-subscripts but not
really a proper dynamic model. And definitely not microfounded.
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IS-MP-PC model from EC1B1: words tell dynamic story,
but then why are we just shifting around these curves?

Stabilisation of IS Curve Shock
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Plan

1. The Keynesian view of consumption

2. A two-period model of consumption

3. The permanent income hypothesis

4. Consumption, saving and interest rates in general equilibrium
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Background Readings

• Follow closely Kurlat Chapter 6, except part 4 on previous slide

• EC1A1 lecture notes on consumption and saving (intertemporal choice)

• EC1B1 notes on Keynesian consumption function and Keynesian cross
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The Keynesian view of consumption
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Keynes on consumption (also see EC1B1 notes)
• Keynes in his 1936 “General Theory of Interest, Employment & Money”:
“The fundamental psychological law, upon which we are entitled to depend with
great confidence both a priori from our knowledge of human nature and from the
detailed facts of experience, is that men are disposed, as a rule and on the
average, to increase their consumption as their income increases but not by as
much as the increase in the income.”

• In equations, consumption C depends on income Y as
C = c(Y ) with c ′(Y ) > 0 and c ′(Y ) < 1

• c(Y ) = consumption function. Question for you: name for c ′(Y )?
• Depending on how interpret language, he may also mean

c ′(Y )Y

c(Y )
=
∂ log c(Y )

∂ log Y
< 1

i.e. elasticity of C with respect to Y < 1 6



Importance of MPC for multipliers (Keynesian cross)

From EC1B1 notes: MPC = γ, consumption function C = α+ γ(Y − T )

Keynesian Cross

• Equilibrium condition in simple Keynesian Cross model

– Output must equal planned expenditures:

𝑌 = 𝛼 + 𝛾 𝑌 − 𝑇 + 𝐼 + 𝐺 + 𝑁𝑋

• A little bit of algebra then gives:

𝑌 =
1

1 − 𝛾
𝛼 − 𝛾𝑇 + 𝐼 + 𝐺 + 𝑁𝑋

• Government purchases multiplier =
1

1−𝛾

• Tax cut muliplier =
𝛾

1−𝛾
W7: Investment & Savings 11Keynesian Cross IS Curve IS Curve Shocks MPC & Hand-to-Mouth Consumers 7



In micro data both c ′(Y ) and ∂ log c(Y )∂ log Y are considerably < 1

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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Implications for aggregate consumption and income

• Recall: in micro data both c ′(Y ) and ∂ log c(Y )∂ log Y are considerably < 1

• Around 1950s: seen as conclusive evidence in favor of Keynesian
consumption function

• But then what happens as countries grow richer over time and Y grows?

• If ∂ log c(Y )∂ log Y < 1 then we should have

c(Y )

Y
declining with Y

so people consume proportionately less and less as country grows richer

• Do we see this? No.
9



In macro data ∂ log c(Y )∂ log Y is much larger, CY stable over time

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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Summary

• In micro data both c ′(Y ) and ∂ log c(Y )∂ log Y are considerably < 1

• but in macro data, ∂ log c(Y )∂ log Y is much larger (perhaps even ≈ 1), CY stable
over time

• Seems puzzling, what’s going on?

• Next: use economic theory to resolve puzzle
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A two-period model of consumption
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A two-period model of consumption
• For now: study problem of individual in isolation taking as given prices
(partial equilibrium)

• In a bit: general equilibrium

• Two time periods t = 1 and t = 2
• Consumption c1 and c2, income y1 and y2
• Utility function

u(c1) + βu(c2)

with u strictly increasing, concave, discount factor 0 < β < 1

• Vocabulary that sometimes comes up: discount factor vs discount rate
• discount factor: β, typically a bit below one
• discount rate: ρ, typically a bit above zero
• link: ρ = 1/β − 1⇔ β = 1

1+ρ , e.g. β = 0.95, ρ = 1/0.95− 1 = 5.26%13



A two-period model of consumption

Household solves
max
c1,c2,a

u(c1) + βu(c2) s.t.

c1 + a = y1 (1)
c2 = y2 + (1 + r)a (2)

Notation:
• c1, c2: consumption at t = 1 and t = 2
• y1, y2: income at t = 1 and t = 2
• r : interest rate (for now exogenously given)
• a: saving
• Note: a can be negative, a < 0 means household is borrowing
• From (1) a < 0⇒ c1 > y1, i.e. consume more than income by borrowing
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Formulation in terms of present-value budget constraint

• Implicit assumption: can borrow and save as much you want at rate r
• then can combine (1) and (2) into present-value budget constraint

c1 + a = y1 and a =
c1
1 + r

−
y2
1 + r

⇒ c1 +
c2
1 + r︸ ︷︷ ︸

PV of consumption

= y1 +
y2
1 + r︸ ︷︷ ︸

PV of income

where PV stands for present value

• Hence households maximize utility s.t. present-value budget constraint

max
c1,c2

u(c1) + βu(c2) s.t.

c1 +
c2
1 + r

= y1 +
y2
1 + r

15



Euler equation

• Optimality condition
u′(c1) = β(1 + r)u

′(c2) (∗)
• Intuition: consume $1 now vs save and consume later

• consume $1 now: utility increases by u′(c1)
• save $1: have $(1 + r) at t = 2, utility by βu′(c2) for each $

• (∗) is called “Euler equation” after Leonard Euler, plays an important role in
macroeconomics

• Note: “Euler equation” sounds fancy but simply means “intertemporal
optimality condition”

16



Graphical representation

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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A saver (left panel) and a borrower (right panel) 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.
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Left panel: y2 = 0 and y1 > 0⇒ save. Right panel: y1 << y2 ⇒ borrow.
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What happens when r changes?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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Effect of change in r for saver (left) and borrower (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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The permanent income hypothesis
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An important observation about our model
• Can write two-period model as

max
c1,c2

u(c1) + βu(c2) s.t. c1 +
c2
1 + r

= W

where W = y1 +
y2
1 + r

= PV of income

sometimes also called “lifetime income” or “permanent income”
• Can immediately see: c1 will depend on y1, y2 only through W , i.e.

c1 = c(W ), W = y1 +
y2
1 + r

• It’s not current income that matters, but PV of current + future income
• This way of thinking: “permanent income hypothesis” (Friedman, 1957)
• Contrast with Keynes quote, captured w consumption function c1 = c(y1)
• Can already see: our model is really very different from Keynes view
• Next: flesh this out with parametric example 22



A parametric example

u(c) =
c1−

1
σ − 1
1− 1σ

(∗∗)

• σ is called “intertemporal elasticity of substitution (IES)”
• Sometimes 1/σ is called “coefficient of relative risk aversion (RRA)” and
(∗∗) is called “CRRA utility”
• Can show: log utility = special case with σ = 1 (use l’Hopital’s rule)

u(c) = lim
σ→1

c1−
1
σ − 1
1− 1σ

= log c

• Note: weird −1 in numerator only there because we want to take this limit
• Important for those reading Kurlat: he, many others use σ for coeff of RRA

u(c) =
c1−σ

1− σ or u(c) = c
1−σ − 1
1− σ

• Same but σ in place of 1σ . Unfortunate notation, but don’t get confused! 23



Euler equation in parametric example

• With functional form (∗∗) have
u′(c) = c−1/σ

• Euler equation
u′(c1) = β(1 + r)u

′(c2) ⇒ c
−1/σ
1 = β(1 + r)c

−1/σ
2

or
c2
c1
= [β(1 + r)]σ

• IES σ governs responsiveness of growth rate of consumption c2/c1 to
changes in r and β, e.g.

∂ log(c2/c1)

∂ log(1 + r)
= σ ⇒ hence the name IES

• A low IES σ means households dislike intertemporal substitution (want to
smooth c )⇒ low responsiveness of c2/c1 to changes in r and β 24



Analytic solution in parametric example

• Not hard to show (you should be able to!): solution to problem is

c1 =

(
1

β(1+r)

)σ
(1 + r)

1 +
(

1
β(1+r)

)σ
(1 + r)

W, c2 =
1 + r

1 +
(

1
β(1+r)

)σ
(1 + r)

W

where
W = y1 +

y2
1 + r

• Useful special case (see next slide why): β(1 + r) = 1

c1 = c2 =
1 + r

2 + r
W

• If further r = 0, then c1 = c2 = W
2
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Reasonable parameterizations

Reasonable parameterizations have two features
1. β(1 + r) not too far from 1, equivalently discount rate ρ = 1/β − 1 ≈ r

• e.g. ρ = 0.05, r = 0.01 but not ρ = 0.5, r = 0.01 or ρ = 0.05, r = 0.5
• in general equilibrium model of part 4, 1 + r∗ ≈ 1/β
• market discounts future at roughly the same rate as individuals

2. σ not too large

• e.g. σ = 1/2, probably ≤ 1, definitely not σ = 5 or 10
• empirical evidence: people do not massively substitute
intertemporally, i.e. they do not massively increase spending when r ↓

26



MPC out of transitory income shock
• Question: suppose y1 increases by $1 but y2 is unchanged. By how
much does c1 increase? What is MPC out of transitory income shock?

• Answer: the marginal propensity to consume (MPC) out of a transitory
income shock is

∂c1
∂y1
=

(
1

β(1+r)

)σ
(1 + r)

1 +
(

1
β(1+r)

)σ
(1 + r)

• Contrast with Keynesian cross: C = α+γ(Y −T ), γ = exogenously given

• In current model, MPC is instead endogenous and depends on
preferences (β, σ) and prices (r)!

• This is precisely what we mean when we say “Keynesian cross is not
microfounded but modern macro models are”
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MPC out of transitory income shock
• Question: suppose y1 increases by $1 but y2 is unchanged. By how
much does c1 increase? What is MPC out of transitory income shock?

• Answer: the marginal propensity to consume (MPC) out of a transitory
income shock is

∂c1
∂y1
=

(
1

β(1+r)

)σ
(1 + r)

1 +
(

1
β(1+r)

)σ
(1 + r)

• Also note: this MPC is a number < 1 and << 1 for reasonable parameters
• In fact, in this 2-period model, MPC ≈ 1/2, e.g. with β(1 + r) = 1

∂c1
∂y1
=
1 + r

2 + r

and if r = 0 then ∂c1∂y1 = 1/2
28



MPC out of permanent income shock
• Question: suppose both y1 and y2 increase by $1. By how much does c1
increase? What is MPC out of permanent income shock?

• Assumption: y1 = ȳ1 + ∆, y2 = ȳ2 + ∆ and ∆ increases

• From W = y1 + y2
1+r : when both y1, y2 ↑ by $1, W ↑ by ≈ $2

∂W

∂∆
= 1 +

1

1 + r
=
2 + r

1 + r
≈ 2

• Similarly

∂c1
∂∆
=

(
1

β(1+r)

)σ
(2 + r)

1 +
(

1
β(1+r)

)σ
(1 + r)

• For reasonable parameters this is a number ≈ 1. Exact when β(1+ r) = 1
∂c1
∂∆
= 1

29



Summary: main prediction of permanent income hypothesis

• Main prediction of permanent income hypothesis (PIH):

MPC out of transitory income << MPC out of permanent income

30



Resolving our puzzle with the permanent income hypothesis

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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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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Resolving our puzzle with the permanent income hypothesis

Micro data:
• Transitory income shocks are important, some people have good year,
others have bad year. Get mixed together with permanent income
shocks.
• Coefficient in regression of C on Y reflects MPCs out of both permanent
and transitory income shocks
• Estimate c ′(Y ) and ∂ log c(Y )∂ log Y considerably < 1

Macro data:
• Transitory income shocks mostly wash out in the aggregate
• Coefficient in regression of C on Y mostly reflects MPCs out of permanent
income changes (e.g. country as a whole is richer on average)
• Estimate c ′(Y ) and ∂ log c(Y )∂ log Y much closer to 1 32



Extension to many time periods
• Macro models used for research, policy etc: not just two time periods
t = 1, 2. Instead: many time periods t = 1, 2, 3, ..., T
• consumption c1, c2, c3, ..., cT , income y1, y2, y3, ..., yT
• relatively straightforward extension – see Kurlat chapter 6.3

• Takeaway: more time periods make PIH prediction even starker
• Key: PV budget constraint

c1 +
c2
1 + r

+
c3

(1 + r)2
+ ...+

cT
(1 + r)T−1

= W

where W = y1 +
y2
1 + r

+
y3

(1 + r)2
+ ...+

yT
(1 + r)T−1

• Makes PIH prediction even starker: effect of transitory change in y1 (say)
has negligible effect on permanent income W , hence ∂c1/∂y1 very small
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Friedman’s example: paydays staggered throughout week
CHAPTER IX

Summary and Conclusion

THE central theme of this monograph can be illustrated by a simple
hypothetical example. Consider a large number of men all earning
$100 a week and spending $100 a week on current consumption.
Let them receive their pay once a week, the pay days being staggered,
so that one-seventh are paid on Sunday, one-seventh on Monday, and
so on. Suppose we collected budget data for a sample of these men
for one day chosen at random, defined income as cash receipts on
that day, and defined consumption ascash expenditures. One-seventh
of the men would be recorded as having an income of $100, six-
sevenths as having an income of zero. It may well be that the men
would spend more on pay day than on other days but they would
also make expenditures on other days, so we would. record the one-
seventh with an income of $100 as having positive savings, the other
six-sevenths as having negative savings. Consumption might appear
to rise with income, but, if so, not as much as income, so that the
fraction of income saved would rise with income. These results tell
us nothing meaningful about consumption behavior; they- simply
reflect the use of inappropriate concepts of income and consumption.
Men do not adapt their cash expendi.tures on consumption to their
cash receipts, and their cash expenditures on consumption may not
be a good index of the value of services consumed—in our simple
example, consumption expenditures might well be zero on Sunday.

Lengthening the period of observation from a day to a would
eliminate entirely the error introduced. .into our simple example by
the use of inappropriate concepts of income and consumption. It is
the central theme of this monograph that the use of a period as long.
as a year does not render the error in actual data negligible, let alone
eliminate it .entirely. The results obtained from such annual data
conform in broad outline to those of our simple example: recorded
consumption is on the average positive when recorded income is
zero, and the fraction of income saved rises with income. If the thesis
of this monograph is correct, these results are to be explained in the
same way. They too reflect the use of inappropriate concepts of•
income and consumption.
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Source: Friedman (1957) “A Theory of the Consumption Function”
https://www.nber.org/books-and-chapters/theory-consumption-function

This excerpt from conclusion https://www.nber.org/system/files/chapters/c4411/c4411.pdf 34
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The PIH predicts that multipliers are small

Keynesian Cross

• Equilibrium condition in simple Keynesian Cross model

– Output must equal planned expenditures:

𝑌 = 𝛼 + 𝛾 𝑌 − 𝑇 + 𝐼 + 𝐺 + 𝑁𝑋

• A little bit of algebra then gives:

𝑌 =
1

1 − 𝛾
𝛼 − 𝛾𝑇 + 𝐼 + 𝐺 + 𝑁𝑋

• Government purchases multiplier =
1

1−𝛾

• Tax cut muliplier =
𝛾

1−𝛾
W7: Investment & Savings 11Keynesian Cross IS Curve IS Curve Shocks MPC & Hand-to-Mouth Consumers

PIH predicts that aggregate MPC out of current income is small, say γ = 0.05
⇒ Multipliers are small
• government purchases multiplier ≈ 1, say = 1

1−0.05 = 1.053

• tax cut multiplier close ≈ 0, say = 0.05
1−0.05 = 0.053 35



Empirical failure of the PIH

• Multi-period versions of the PIH generate MPCs out of transitory income
shocks that are way too small relative to data

• Can show: model MPC ≈ r so something like 0.02 or 0.05 per year

• In contrast, empirical MPCs are around 0.3 per year on average (i.e.
people consume 30 cents for every $1)

• ... lots of heterogeneity in MPCs

• ... and this heterogeneity depends on things like liquid wealth, i.e. more
cash-strapped households have higher MPCs

• See evidence on next slides

• So perhaps Keynes wasn’t as wrong as we thought?
36



Empirical failure of the PIH (from EC1B1 notes)

Measuring the MPC

• Parker, Souleles, Johnson, McClelland (2012):

– Look at 2008 Economic Stimulus Payments

– People got checks from the government (~1000 USD)

– Timing was random (based on last digits of SS#)

– Compare those that got a check at time 𝑡 with those that didn’t 
(treatment vs. control)

– How much more did treated people spend over a 3-month period

... Another natural experiment! 

– Randomisation means on average the treated and control people are 
the same

W7: Investment & Savings 34Keynesian Cross IS Curve IS Curve Shocks MPC & Hand-to-Mouth Consumers 37



Empirical failure of the PIH (from EC1B1 notes)

Evidence of MPC Levels

35W7: Investment & Savings

Source: Parker, Souleles, 
Johnson, McClelland (2012)

• Technical point:

– These estimates 
come from 
regressions

– Cf. your metrics 
class! 

Keynesian Cross IS Curve IS Curve Shocks MPC & Hand-to-Mouth Consumers 38



Empirical failure of the PIH
Figure 6: Marginal Propensity to Consume by Asset Buffer

Note: This figure compares the estimates of heterogeneity by assets in the passthrough of income shocks to
consumption. Parker et al. (2013), Fagereng, Holm and Natvik (2018) and Kueng (2018) use terciles, quar-
tiles, and quintiles respectively. To enable comparability with these prior papers, we calculate the marginal
propensity to consume (instead of the elasticity of consumption to income) using their respective bin cutoffs.
Our paper, Parker et al. (2013), and Kueng (2018) measure the MPC on nondurables. Fagereng, Holm and
Natvik (2018) measures the MPC on total consumption. See Section 3.5 for details.
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How to fix the PIH prediction?

Huge literature. Most common fixes:

• Credit constraints, i.e. drop assumption that can borrow as much as you
want at rate r

• Behavioral theories

• mental accounting
• present bias or “salience of the present”⇒ dynamic inconsistency
and procrastination, see EC1P1 lecture notes

• ...
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This is exactly what the HANK literature is all about
• Graph from Kaplan, Moll and Violante (2018)
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• When PIH is fixed, something interesting happens: model behaviour
resembles Keynesian cross again, in particular sizable multipliers

• But important difference: micro founded model, makes precise predictions
about behavior as well as inequality, can use it to think about welfare

41



Consumption, saving and interest rates
in general equilibrium

42



Consumption, saving, interest rates in general equilibrium

• So far: exogenously given interest rate r

• Now: equilibrium determination of r

• Continue to work with two-period model

• Economy without production, i.e. endowment economy (like in EC2A1)

• Main application: representative household model

• But start with environment with multiple households i = 1, ..., I for reason
that will become clear shortly
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Borrowing and saving in equilibrium
• I households i = 1, ..., I

• Recall: ai > 0 = saving, ai < 0 = borrowing

• Claim: in a closed system, e.g. a closed economy or this classroom
I∑
i=1

ai = 0

• Logic: there is a saver for every borrower, i.e. you can only borrow if
someone takes the other side of this trade and lends to you

• What if all households are alike, i.e. ai = a for all i = 1, ..., I? Then clearly
ai = 0 all i = 1, ..., I

i.e. in equilibrium noone will borrow and noone will save

• Next: competitive equilibrium with rep household⇒ exactly what happens44



Competitive equilibrium with representative household

Definition: a competitive equilibrium are quantities (c1, c2, a) and an interest
rate r such that
1. Utility maximization: taking as given r , the representative household

chooses (c1, c2, a) to solve
max
c1,c2,a

u(c1) + βu(c2) s.t. c1 + a = y1, c2 = y2 + (1 + r)a

2. Profit maximization: none because no production
3. Market clearing: demand = supply for goods and credit market

goods in period 1: c1 = y1

goods in period 2: c2 = y2

credit market: a = 0

Note on goods market: if no borrowing, can only consume your income
45



What’s the point of this equilibrium model?

• We usually solve for equilibrium quantities like (c1, c2, a) because we’re
interested in their behavior, how they change with parameters etc

• But here we already know that (c1, c2, a) = (y1, y2, 0) so what’s even the
point?

• Answer: the model makes interesting predictions about the equilibrium
interest rate
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Solving for the equilibrium interest rate

• Household maximization⇒ Euler equation

u′(c1) = β(1 + r)u
′(c2)

• But we know that c1 = y1 and c2 = y2. Therefore

1 + r∗ =
1

β

u′(y1)

u′(y2)

• Parametric example from earlier: u′(c) = c−1/σ

1 + r∗ =
1

β

(
y2
y1

)1/σ
• Note: for entire economy, reasonable to assume y1 ≈ y2 ⇒ 1 + r∗ ≈ 1/β
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Comparative statics: how does r ∗ depend on parameters?

• Recall
1 + r∗ =

1

β

(
y2
y1

)1/σ
• What happens to equilibrium interest rate r∗ when

• β ↑?
• y1 ↑?
• y2 ↑?

and what is the intuition?

• Note: questions like these are excellent exam questions!
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Next few lectures

• More interesting dynamic macro models with non-degenerate predictions
for the quantities?

• ⇒ add production and capital accumulation

• Use them to think about business cycles and macroeconomic stabilization
policies, in particular monetary and fiscal policy

• microfounded analogue of Keynesian IS-MP-PC model from EC1B1
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