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1

Introduction
”We think about models not because they are realistic, but because
thinking about models is a good warm-up exercise for thinking about
the world we live in. The goal, always, is to understand our own
world.”
Steven T. Landsburg (1993), The armchair economist

In this summary, we develop the working horse in modern business cycle
theory: the market-clearing or real business cycle (RBC) model. We start with
the labor-leisure choice in a static setting. We study an individual that maximizes
his or her utility subject to a resource constraint. Next, we focus on the individual
consumption choice problem within a dynamic setting. We study an individual
that maximizes lifetime utility subject to an asset accumulation condition. Third,
we consider a preliminary version of the business cycle model, where the economy
as a whole has no possibility to save or dissave and must satisfy the economy’s
resource constraint in each an every period. Despite these limitations the model
gives many insights of how a dynamic stochastic general equilibrium model works.
Finally, we introduce capital and investment and, thus, the possibility of a closed
economy to save and dissave. We compare the predictions of the full-ﬂedged RBC
model with the business cycle facts outlined in Summary 1. The summary draws
on Barro [1] and King and Rebelo [3], among others.

2

Labor/leisure choice

Suppose, households are isolated from each other and therefore behave like Robinson Crusoe’s. There are no markets on which people can trade, and each household uses its own labor to produce goods by means of a production function.
Because we treat goods as nonstorable, each household consumes what it produces.

2.1

The Robinson-Crusoe economy
Figure 1: Combining indifference curve
and resource constraint

We begin by considering Robinson Crusoe’s labor/leisure choice. Suppose
Robinson has continuous, convex, and strongly monotone preferences  deﬁned
over a (single) consumption good, c, and his consumption of leisure, l. He has
an endowment of L̄ units of time (which we typically normalize to 1) and no
endowment of the consumption good. Let u (c, l) be a utility function representing
. (Note that the assumptions on Robinson’s preferences imply that u (c, l) is
strictly increasing, strictly concave, and continuously diﬀerentiable.)
3

Robinson uses his labor eﬀort as an input to production (he has no capital or
any other inputs). The quantity of Robinson’s output per period, y, is a function
of the quantity of labor input, n
y = f (n)
We assume f (·) to be strictly increasing and strictly concave. Since Robinson
has no opportunity to exchange commodities, his only option is to consume all
the goods that he produces in each period
c = y = f (n)
Robinson’s problem is given as follows:
max u (c, l)
c,l≥0

subject to
c = f (n)
n = 1−l
Robinson selects from the attainable combinations of work and consumption
(given by the production function) the one that gives him the most utility (i.e.
the highest indiﬀerence curve) (compare Figure 1). In the optimum, the slope of
the production function equals the slope of the indiﬀerence curve (check this in
the graph):
u2 (c, l)
f  (n) =
u (c, l)
 1  
M RS

2.2

Digression: The one-consumer, one-producer economy

Suppose that there are two price-taking economic agents, a single consumer and
a single ﬁrm, and two goods, the labor (or leisure) of the consumer and a (nonstorable) consumption good produced by the ﬁrm. The ﬁrm uses labor to produce
the consumption good according to the increasing and strictly concave production function y = f (n), where n denotes work eﬀort. Thus, to produce output,
the ﬁrm must hire the consumer, eﬀectively purchasing some of the consumer’s
leisure from him. We assume that the ﬁrm seeks to maximize its proﬁts. Letting
p be the price of its output (which is usually normalized to one) and w be the
price of labor, the ﬁrm solves
max p · f (n) − wn
n≥0
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(1)

Given prices (p, w), the ﬁrm’s optimal labor demand is n (p, w), its output is
y (p, w), and its proﬁts are π (p, w). Furthermore, we assume that the consumer
is the sole owner of the ﬁrm and receives the proﬁts earned by the ﬁrm.
The consumer has continuous, convex, and strongly monotone preferences 
deﬁned over the consumption good, c, and his consumption of leisure, l. He has
an endowment of L̄ units of leisure (which we normalize to 1) and no endowment
of the consumption good. Letting u (c, l) be a utility function representing ,
the consumer’s problem given prices (p, w) is
max u (c, l)
c,l≥0

subject to
pc ≤ wn + π (p, w)
n = 1−l
Since the utility function is strictly increasing, the ﬁrst constraint holds with
equality.
A Walrasian equilibrium in this economy involves an allocation (c∗ , l∗ ) and a
price vector (p∗ , w∗ ) at which
• The consumer’s problem is solved
• The ﬁrm’s problem is solved
• The good and labor markets clear, that is
c (p∗ , w∗ ) = y (p∗ , w∗ )
and

n (p∗ , w∗ ) = 1 − l (p∗ , w∗ )

The consumer selects from the attainable combinations of work and consumption (given by the production function) the one that gives him the most utility
(i.e. the highest indiﬀerence curve). This equilibrium (or eﬃciency) condition is
given by
u2 (c, l)
f  (n) =
u (c, l)
 1  
M RS

Note that p has been normalized to 1. Then the above optimality condition
requires that the slope of the production function (the marginal product of labor)
equals the marginal rate of substitution (the slope of the indiﬀerence curve).
Given the convexity of preferences and the strict convexity of the aggregate
production set assumed here, there is a unique Walrasian equilibrium allocation
5

(compare Figure 1). Since the well-being of the single consumer is maximized
subject to feasibility constraints the Walrasian equilibrium allocation is Pareto
optimal. That is, the Walrasian equilibrium allocation is the same allocation that
would be obtained if a planner ran the economy in a manner that maximized the
consumer’s well-being.

2.3

Comparative statics

In this section we want to understand how people alter their work eﬀort and consumption when there are changes in the opportunities for production. We begin
by noting that an extra hour on the production function generates additional
output (and, hence, consumption) of
∆y
∂y
=
= f  (n)
∆n→0 ∆n
∂n
lim

units. Thus, f  (n) measures the change in production resulting from a marginal
change in the amount of labor supplied. Because additional time at work necessarily means less leisure time, f  (n) also gives the price, in terms of leisure
forgone, of increasing consumption. In other words, f  (n) is the price of leisure
in terms of output which has to be given up when Robinson wishes to enjoy one
unit more of leisure.
Let us, ﬁrst, consider a parallel upward shift of the production function. A
parallel upward shift of the production function simply means that Robinson can
produce and consume more goods for the same amount of work eﬀort while the
marginal product of labor remains unchanged, i.e. the relative ease or cost with
which Robinson can obtain consumption good or leisure are not altered. That is,
wealth - and only wealth - increases. Robinson responds to an increase in wealth
by raising the demand for everything that provides utility, i.e. c and l. As a
corollary labor supply, n, decreases.
Second, let us consider a rotation of the production function through the
original equilibrium point, that is, a ’pure’ substitution eﬀect. (We put pure in
quotation-marks since its derivation is a bit awkward - see Barro [1], chapter
2. It’s enough when we catch the intuition.) Such an increase of the marginal
product of labor represents a change in the relative price of consumption. Since
the price of leisure increases relative to the price of consumption people shift
away from leisure toward consumption, i.e. they consume and work more and
enjoy less leisure.
Finally, consider a proportional upward shift of the production function. A
proportional upward shift induces both wealth and substitution eﬀects. Regarding consumption both eﬀects show in the same direction. We conclude that
consumption (and output) increases. Regarding leisure time (or work eﬀort) the
two eﬀects show in opposite directions; hence, the overall eﬀect on labor supply
is ambiguous.
6

3

Consumption/saving decision

In this section, we study the consumption/saving decision of an individual which
has access to a bond market and can, thus, freely borrow and lend. We start
with a setting in which we assume that the consumer lives for two time periods.
Next, we assume that the the consumer lives for T time periods, where T can be
any positive integer. Finally, we assume that the consumer lives forever.1 In all
three cases, decisions are based on perfect foresight of the future.2

3.1
3.1.1

The two period case with exogenous income
Optimal consumption choice over time

Consider the optimal consumption choice over time for an individual who can
freely borrow or lend and who lives for two periods. Its lifetime utility is given
by
(2)
U (c1 , c2 ) = u (c1 ) + βu (c2 )
where c1 is the amount of consumption in period 1, c2 is the amount of consumption in period 2 and u (·) is called momentary utility. We assume that the
momentary utility function is strictly increasing in its argument and strictly concave: u (·) > 0 and u (·) < 0. β denotes the discount rate; it is deﬁned as
β ≡ 1/ (1 + ρ), where ρ denotes the rate of time preference.
The momentary utility function is often speciﬁed to3

 1  1−σ
ct − 1
if σ > 0, σ = 1
1−σ
u (ct ) =
if σ = 1
ln (ct )
For this speciﬁcation the elasticity of intertemporal substitution between consumption at any two points in time is constant.4 We refer to this class of util1

This might sound weird to you. But, let’s imaging a family dynasty that lasts forever in so
far as parents are connected to their children through a pattern of intergenerational transfers
so that the household plans with an inﬁnite horizon. Then the assumption makes sense.
2
In later chapters we will abandon the assumption of perfect foresight and introduce uncertainty about future income. As we will see this does not change the basic insights of this
section.
3
In Summary 3, we will learn more about why this speciﬁc form is convenient.
4
The elasticity of intertemporal substitution is given by the absolute value of

 
u (ct )
d ccst
u (cs )
ηt,s =  
· 
(ct )
ct
d uu (c
cs
s)
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ct
cs

−σ



ct
cs

−σ
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ct
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1
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and
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u (ct )
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= − σ1 z − σ −1 · z · z σ = − σ1 . The elasticity of

substitution between consumption in two periods is given by
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1
σ.

ity functions as the isoelastic or constant relative risk aversion (CRRA) class
(since the elasticity of intertemporal substitution is deﬁned as the inverse of the
coeﬃcient of relative risk aversion). (For an interpretation of the elasticity of
intertemporal substitution compare Problem Set 3.)
In general, the household’s period-by-period budget constraint is given by
bt+1 + ct ≤ yt + (1 + rt )bt
where ct is period t consumption, yt is the exogenous income of period t, bt is
the stock of assets (or liabilities) of period t, and rt is the real rate of return.
On the right hand side, we have the source of funds (income plus receipts of
principal plus interest for the bonds), on the left hand side we have the use of
funds (consumption plus the stock of bonds to be carried over to the next period).
In the two period model, we typically assume that our individual starts with
no wealth and does not want to leave any uncollected claims or unpaid debts,
respectively. Thus, in period 1 we have
b2 + c 1 ≤ y 1
and in period 2 we have
c2 ≤ y2 + (1 + r2 )b2
Since r2 is the only interest rate that plays a role in our model we set r2 = r.
The two period-by-period budget constraints collapse to the following present
value lifetime budget constraint (PVBC)
c2 ≤ y2 + (1 + r) (y1 − c1 )
1
1
c 2 ≤ y1 +
y2
(3)
1+r
1+r
The individuals dynamic choice problem is to maximize (2) subject to (3). This
problem is very similar to the standard utility maximization problem in the twogoods case.
Suppose that u (·) is continuously diﬀerentiable. The indiﬀerence curves satisfy
u (c1 ) + βu (c2 ) = Ū
 c1 +

Their slopes, given by
u (c1 ) dc1 + βu (c2 ) dc2 = dŪ = 0
u (c1 )
dc2
=− 
→
dc1
βu (c2 )
show the individual’s attitude toward diﬀerent combinations of the consumption
levels, i.e. reveal the individual’s willingness to exchange consumption in period
1 for consumption in period 2.
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Further, suppose that u (·) is strictly increasing in its argument. Then the
PVBC holds with equality and can be rearranged as follows
c2 = (1 + r) y1 + y2 − (1 + r) c1
Since the individual can always consume his or her income, the point (y1 , y2 ) is on
the budget line (compare Figure 2). But there are other (c1 , c2 ) combinations that
are feasible too and that probably provide more utility than (y1 , y2 ). However,
these other (c1 , c2 ) combinations involve borrowing (i.e., c1 > y1 ) or lending (i.e.,
2
= − (1 + r): giving
c1 < y1 ). The slope of the budget constraint is given by ∂c
∂c1
up one unit of ﬁrst-period consumption allows the individual to increase secondperiod consumption by 1 + r.
As in the classical utility maximization problem the optimal consumption
point is given by
u (c1 )
βu (c2 )
 u (c1 ) = (1 + r) βu (c2 )

(1 + r) =

i.e., the condition that (−1) · M RS equals the slope of the budget line.
In the case of a dynamic choice problem, this eﬃciency condition is called
an intertemporal Euler equation. This Euler equation, which will recur in many
guises, has a simple interpretation: At a utility maximum, the individual cannot
gain from feasible shifts of consumption between periods. A one-unit reduction
in ﬁrst-period consumption lowers U by u (c1 ) (marginal utility cost). The consumption unit thus saved can be converted (by lending it) into 1 + r units of
second-period consumption that raise U by (1 + r) βu (c2 ) (sure marginal utility gain). An intertemporally optimal consumption plan, thus, equates the cost
of forgone consumption today and the beneﬁts of increased future consumption.
An important special case is the one in which ρ = r and thus β = 1/ (1 + r).
In this case the Euler equation becomes u (c1 ) = u (c2 ), which implies that the
consumer desires a ﬂat lifetime consumption path, c1 = c2 .
Figure 2: Interest rate and saving in the two-period case
(taken from Romer [8], Fig 7.2)
3.1.2

Comparative statics

When r rises as in Figure 2, the budget constraint continues to go through (y1 , y2 )
but becomes steeper; because the individual can obtain more units of consumption next period for each unit of consumption forgone, the cost of current consumption relative to that of next period’s consumption (or intertemporal relative
price of consumption) increases. In Figure 2, savings is initially zero. In this case
the increase in r has no wealth eﬀect (i.e., the individual’s initial consumption
9

bundle continues to be on the budget constraint); rather, there is a pure intertemporal substitution eﬀect. Thus, c1 falls, and so saving (in period 1) rises. A rise
in the exogenous income leads to a parallel outward shift of the budget line. The
new budget line allows the household to reach a higher indiﬀerence curve (pure
wealth eﬀect); both, c1 and c2 , increase.

3.2

Digression: The ﬁnite time horizon case with exogenous income

Consider the optimal consumption choice over time for an individual who lives
for T periods and who can freely borrow or lend. Its (time-separable) life-time
utility is given by
T

β t u (ct )

U=
t=0

The individual’s asset, at , evolves through time according to the following
period-by-period (or accumulation) constraint
1
at+1 + ct = yt + at
1 + rt
where rt denotes the period t interest rate and yt denotes the individual’s period
t income (still exogenous). We use here a slightly diﬀerent notation compared to
the intuitive example. This time the source of funds is given by the exogenous
income and the stock of assets or liabilities, respectively. The use of funds is
given by consumption and the stock of bonds carried over to the next period
times their price in terms of the consumption good. Do not bother, this is just
an alternative way of stating the same.
In addition to the accumulation constraint we require that the terminal asset,
aT +1 , must not be negative
aT +1 ≥ 0
We also assume that a0 is given.
It is convenient to rewrite the accumulation constraint in terms of the following diﬀerence equation
at+1 = (1 + rt ) (at + yt − ct )
which can be solved as follows. For period 1, we get
a1 = (1 + r0 ) (a0 + y0 − c0 )
For period 2 we get
a2 = (1 + r1 ) (a1 + y1 − c1 )
= (1 + r1 ) [(1 + r0 ) (a0 + y0 − c0 ) + y1 − c1 ]
= [(1 + r1 ) (1 + r0 )] (a0 + y0 − c0 )
+ (1 + r1 ) (y1 − c1 )
10

Finally, going out all the way to the last period we ﬁnd that
aT +1 = [(1 + rT ) (1 + rT −1 ) · · · (1 + r0 )] (a0 + y0 − c0 )
+ [(1 + rT ) (1 + rT −1 ) · · · (1 + r1 )] (y1 − c1 )
+ [(1 + rT ) (1 + rT −1 ) · · · (1 + r2 )] (y2 − c2 )
+...
+ [(1 + rT ) (1 + rT −1 )] (yT −1 − cT −1 )
+ [(1 + rT )] (yT − cT )

(4)

Next, let us deﬁne the market discount factor (or simply: price) for date t
consumption on date 0
pt ≡

1
(1 + r0 ) (1 + r1 ) · · · (1 + rt−1 )

With this discount factor at our disposal we can rewrite (4) as
pT aT +1 = (a0 + y0 − c0 )
+p1 (y1 − c1 )
+p2 (y2 − c2 )
+...
+pT (yT − cT )
pT aT +1 = a0 + y0 − c0 +

T
t=1

pt (yt − ct )

From the terminal asset condition we get
T
1 
a0 +
pt (yt − ct ) ≥ 0
t=0
pT



aT +1

a0 +

T
t=0

pt (yt − ct ) ≥ 0
T

T

p t c t ≤ a0 +
p t yt
 t=0
 

t=0 
use of funds

source of funds

We conclude that solving the asset diﬀerence equation and employing aT +1 ≥ 0
leads to the same type of present value lifetime budget constraint (PVBC) as we
encountered in the two-period case.
The dynamic optimization problem
T

β t u (ct )

max U =
t=0

11

subject to
1
at+1 + ct = yt + at
1 + rt
aT +1 ≥ 0

t = 0, 1, ..., T

can be solved with the help of discrete time optimal control.5 Note that there is
one control variable (ct ) and one state variable (at ) and one exogenous variable
(yt ). The following Lagrangian can be formed
T

T

Λt yt + at −

β t u (ct ) +

L=
t=0

t=0

1
at+1 − ct + ΩT +1 aT +1
1 + rt

The ﬁrst order conditions take the form
∂L
∂ct
∂L
∂at+1
∂L
∂aT +1
∂L
∂ (β t λt )

∂u (ct )
− Λt = 0
t = 0, 1, ..., T
∂ct
1
= −
Λt + Λt+1 = 0
t = 0, 1, ..., T
1 + rt
1
= −
ΛT + ΩT +1 = 0
1 + rT
1
= y t + at −
at+1 − ct = 0 t = 0, 1, ..., T
1 + rt
= βt

plus the complementary slackness condition. Combining the ﬁrst two optimality
conditions we get
∂u (ct )
1
βt
1 + rt
∂ct

∂u (ct+1 )
∂ct+1
∂u (ct )
∂u (ct+1 )

= (1 + rt ) β
∂ct
∂ct+1
= β t+1

which is nothing else than the generalization of the familiar intertemporal Euler
equation.

3.3

Digression: The inﬁnite time horizon case with exogenous income

Consider the optimal consumption choice over time for an inﬁnitely lived individual who can freely borrow or lend. Its (time-separable) life-time utility is given
5

Please note: What follows only serves for illustrative purposes. You need not be familiar
with optimal control or any kind of intertemporal optimization methods. The only thing you
have to notice is that in the case of T > 2 we also end up with an intertemporal Euler equation.
(The interested student might wonder how discrete time optimal control works in detail. Please
compare the supplementary material on this subject.)
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by

∞

β t u (ct )

U=
t=0

The individual’s asset, at , evolves through time according to the following
accumulation constraint
1
at+1 + ct = yt + at
1 + rt
where rt denotes the period t interest rate and yt denotes the individual’s period
t income (still exogenous). Further, there is a boundary condition limt→∞ Λt at =
0.6 a0 is given.
This dynamic optimization problem can be solved with the help of discrete
time optimal control.7 Note that there is one control variable (ct ) and one state
variable (at ) and one exogenous variable (yt ). We can form the following Lagrangian
∞
∞
1
t
β u (ct ) +
Λt yt + at −
at+1 − ct
L=
1 + rt
t=0
t=0
The ﬁrst order conditions take the form
∂u (ct )
∂L
= βt
− Λt = 0
t = 0, 1, ..., T
∂ct
∂ct
∂L
1
= −
Λt + Λt+1 = 0
t = 0, 1, ..., T
∂at+1
1 + rt
∂L
1
at+1 − ct = 0 t = 0, 1, ..., T
= y t + at −
t
∂ (β λt )
1 + rt
plus the boundary condition. Combining the ﬁrst two optimality conditions we
again get
∂u (ct )
∂u (ct+1 )
= (1 + rt ) β
∂ct
∂ct+1

3.4

The two period case with labor/leisure choice

So far, income was exogenous. Let us now consider the case where the individual’s
income depends on the individual’s decision how to divide time between work,
nt , and leisure, lt = L̄ − nt ; for simplicity let us suppose that income is strictly
6

This boundary condition is called the transversality condition. For a good treatment compare Obstfeld and Rogoﬀ [7], pp. 63-66.
7
Please note: What follows only serves for illustrative purposes. You need not be familiar
with optimal control or any kind of intertemporal optimization methods. The only thing you
have to notice is that in the case of T → ∞ we also end up with an intertemporal Euler
equation.
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increasing in nt , yt = f (nt ). The individual still has access to a bond market
and, thus, can freely borrow and lend. The individual’s momentary utility now
should depend on two arguments, c and l (leisure time). It is often speciﬁed as
follows
 1
1
[c ν (lt )]1−σ − 1−σ
if σ > 0, σ = 1
1−σ t
u (ct , lt ) =
if σ = 1
ln (ct ) + ln ν (lt )
where ν (·) is twice continuously diﬀerentiable. If σ = 1 then concavity requires
that the function ln ν (·) is increasing and concave; if σ = 1 then ν (·)1−σ must
be increasing and concave if σ < 1 and decreasing and convex if σ > 1 (compare
King and Rebelo [3], 996n69).8 A common speciﬁcation of would be ltb , b > 0.
The PVBC is exactly the same as in subsection 3.1.1.
Let us start with the simple case of a parallel upward shift of the production
function for periods 1 and 2. Think of parallel shifts that do not change the
schedule for labor’s marginal product. For given amounts of work, n1 and n2 ,
the real sources of funds (the RHS of the PVBC) increase; this represents a pure
wealth eﬀect. Thus, the individual takes more of everything that yields utility;
c1 , c2 , l1 and l2 increase - the levels of work in both periods, n1 and n2 , decline.
Next let’s consider a proportional upward shift of the production function for
periods 1 and 2, i.e. a mix of substitution and wealth eﬀects. On the one hand,
as in the Robinson Crusoe economy, consumption becomes less costly relative to
leisure - this is true in both periods. That is, consumption rises equally in both
periods and leisure decreases. On the other hand, the individual takes more of
everything that yields utility - c1 , c2 , l1 and l2 increase. Total eﬀect: There is an
increase in c1 and c2 while the eﬀect on l1 and l2 is ambiguous (depends on which
of the eﬀects is larger).
What happens as r rises? Suppose that savings initially is zero, i.e. the increase in r has no wealth eﬀect and there is a pure intertemporal substitution
eﬀect. Because the individual can obtain more units of consumption next period
for each unit of current consumption forgone, the cost of next period’s consumption relative to that of current consumption is lowered. Thus, c1 falls, and saving
rises. The same argument holds for leisure. If the individual takes leisure in
period 2, he or she discounts the loss in output, f (n2 ), by the factor (1 + r).
Therefore, when r rises, the leisure from period 2 becomes cheaper relative to
that in period 1. The conclusion is that an increase in the interest rate motivates
the individual to substitute toward next period’s leisure and away from this period’s. Equivalently, this period’s work, n1 , rises relative to next period’s, n2 .
Note also that the increase in n1 reinforces the eﬀects of the decrease in c1 in
raising current saving.
8

In Summary 3, we will learn more about why this form is convenient.
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3.5

The inﬁnite horizon case with labor/leisure choice

Finally let us consider the optimal consumption and leisure choice over time for
an inﬁnitely lived individual who can freely borrow or lend. The only diﬀerence
compared to the two-period case is that now we make the distinction between
temporary changes in the production function (and, hence, the individual’s labor
income) and permanent changes in the production function (and, hence, the
individual’s labor income). A temporary eﬀect only lasts for one period. The
production function then shifts back to its original position. A permanent eﬀect
means that the change in the production function lasts for ever.
3.5.1

Permanent parallel upward shift of the production function

Suppose there is a permanent parallel upward shift of the production function
(while {rt }∞
t=0 - which is exogenous - remains unchanged).
• There is a pure wealth eﬀect. Since the long-term average of income increases signiﬁcantly (upward shift is permanent) the wealth eﬀect is large.
Consumption increases signiﬁcantly in each and every period. Leisure increases signiﬁcantly in each and every period. Labor decreases substantially
at each date.
• Since consumption and income (given by f (nt )) increase at roughly the
same amount in the current period, there is no change in saving. Marginal
propensity to consume (i.e., the eﬀect of a change in income or output on
consumption) is about one.
3.5.2

Temporary parallel upward shift of the production function

Suppose there is a temporary parallel upward shift of the production function
(while {rt }∞
t=0 remains unchanged).
• There is a pure wealth eﬀect. Since the long-term average of income remains almost unaﬀected, the wealth eﬀect is small. The individual spreads
his or her extra income over consumption in all periods. (Consumption
increases slightly and equally in all periods. Equivalently, labor supply
decreases slightly and equally in all periods.)
• Consumption in the ﬁrst period increases slightly whereas income is temporarily high; to raise future consumption the individual has to raise current
saving. The marginal propensity to consume is small.
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3.5.3

Permanent proportional upward shift of the production function

Suppose there is a permanent proportional upward shift of the production function (while {rt }∞
t=0 remains unchanged).
• A proportional upward shift of the production function induces both wealth
and substitution eﬀects. Long-term average of income increases signiﬁcantly.
• Wealth eﬀect: The wealth eﬀect is large. Consumption and leisure increase
signiﬁcantly in each and every period; work eﬀort decreases at each date.
• Static substitution eﬀect between leisure and consumption: Consumption becomes less costly relative to leisure at each date. Consumption
rises equally in all periods, leisure decreases, work eﬀort increases.
• The overall eﬀect on consumption is positive whereas the overall eﬀect on labor supply is ambiguous. Since consumption and income increase at roughly
the same amount in the current period there is no change in saving.
3.5.4

Temporary proportional upward shift of the production function

Suppose there is a temporary proportional upward shift of the production function while {rt }∞
t=0 remains unchanged.
• Again, we observe a mix of wealth eﬀect and substitution eﬀect. Because
the proportional upward shift of the production function is short-lived, the
long-term average of income increases by a small amount.
• Wealth eﬀect: The wealth eﬀect is small. Consumption and leisure increase
slightly in each and every period; work eﬀort decreases slightly at each date.
• Static substitution eﬀect between leisure and consumption: Current leisure
becomes more costly relative to consumption in the current period (period t). Current consumption and current work eﬀort rises, current leisure
decreases.
• Intertemporal substitution eﬀect between leisure today and leisure
tomorrow (new element): The price of leisure in a given period relative
to the price of leisure in the following periods is measured in terms of forgone output (recall that the individual has to give up output when he or
she wants to take one unit more leisure): As the marginal productivity of
labor in period t increases temporarily, leisure at period t becomes more
expensive relative to leisure at period t + 1 (and all subsequent periods).
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Accordingly, the individual substitutes away from current leisure toward
future leisure. Equivalently, current work eﬀort rises and future work eﬀort
decreases.
• Total eﬀect: Consumption increase slightly and equally in all periods; it
increases a little bit more in the current period. Current work eﬀort rises
signiﬁcantly; future work eﬀort decreases slightly and equally. Current
period saving increases. The marginal propensity to consume is small.
3.5.5

Increase in {rt }∞
t=0

Suppose the whole future sequence of rt , {rt }∞
t=0 , shifts up (while the production
function remains unchanged). Moreover, suppose that savings initially is zero,
such that the increase in {rt }∞
t=0 has no wealth eﬀect.
• For each unit of consumption forgone the individual can get more consumption in the following periods. Hence, an increase in {rt }∞
t=0 lowers the
costs of future period’s consumption relative to that of current consumption; current consumption falls, future consumption rises. What about the
labor-leisure choice? Equation (??) tells us that an individual discounts future streams of income. The same is true for future losses of income, namely
the output loss which arises when an individual takes leisure. Therefore, as
rt rises future leisure becomes cheaper relative to current leisure; current
leisure drops, future leisure increases; current labor supply increases, future
work eﬀort decreases. Current saving rises.

4

A preliminary version of the RBC model (no
investment, no capital)

The next step towards our aim of developing a real business cycle model is to
take the theory of consumption demand and labor supply studied so far and add
up the actions of all households and ﬁrms in a economy.

4.1

Assumptions

• We consider a closed economy with no government sector.
• The economy is populated by inﬁnitely lived households with identical preferences over consumption, c, and leisure, l.9
9

Due to the assumption that all households are identical with respect to both preferences
and endowments, we could - if we wanted - work with a representative household. As a corollary
we would identify individual variables with national aggregates - and in fact would not care
about this distinction.
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• We do not distinguish ﬁrms from households. Each household owns its
own business and provides the labor input for this business (we call this a
backyard or yeoman farmer economy).
• There is only one type of physical goods that households/ﬁrms can produce,
buy, and exchange.
• This good, which cannot be stored, is produced according the technology
yt = f (nt ). f (·) is strictly increasing in its argument, is concave, twice
continuous diﬀerentiable, and homogenous of degree one.10
• There are two markets, a commodity market and a bond market:
– After every period households/ﬁrms sell all of their output on the commodity market at price p (usually normalized to 1); housholds/ﬁrms
buy these goods for consumption.
– Each household has access to a bond market and can freely borrow
and lend. All bonds are alike and have maturity of one year. Thus,
the interest rate is the same for all bonds.
• All markets are always cleared, i.e. total output equals total consumption
and each dollar lent by someone on the bond market corresponds to a dollar
borrowed by someone else.
• In the aggregate the stock of bonds equals zero (i.e. savings and borrowings
equal zero) in each and every period. This means that in the aggregate this
economy has no opportunity to save or dissave and that there is no wealth
eﬀect due to changes in B.
• There is only one source of shocks in this economy: changes in the production function.

4.2

Graphical representation

Figure 3 contains a graphical representation of the preliminary RBC model. This
representation is useful to study the impact eﬀects of a supply shock on the aggregate variables of interest, that is the eﬀect of a shock that happens in period t
on time-t variables. We adopt Barro’s notation: Capital letters denote aggregate
quantities. Y stays for aggregate output, C for aggregate consumption. In contrast to Barro, we use the letter N (instead of L) for work eﬀort and r (instead
of R) for the real interest rate (R denotes the nominal interest rate and will be
introduced in Section 6).
10
In fact, f (·) satisﬁes another important condition called the Inada-condition. Compare
Summary 3.
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There are two markets in our model economy and, since this is a marketclearing model, there are two aggregate-clearing conditions: (i) Total production
equals total uses of output. (ii) Each dollar lent by someone on the credit market
corresponds to a dollar borrowed by someone else, that is, in the aggregate B d =
0. (Recall that this is a closed economy.) By Walras’ law we explicitly feature
only one market, the goods market. We write out the condition for clearing the
commodity market during a given period as


s
d
Y rt , ... = C rt , ...
−

+

The LHS of this market clearing condition shows the positive intertemporal substitution eﬀect from the real interest rate on the aggregate supply of good. This
is because the aggregate quantity of output is a function of aggregate labor supply (Yts = F (Nt )). As we have seen in the previous section an inﬁnitely lived
individual with access to a bond market rises current work eﬀort as real interest rate increases. We conclude that in the aggregate current labor supply and,
thus, current output increases as r rises. The omitted variables in the function,
denoted by ..., include the wealth and substitution eﬀects that arise from changes
in the production function. (When any of these elements change the eﬀects on
commodity supply show up as a shift of the curve.)
We have seen in the previous section that an inﬁnitely lived individual with
access to a bond market lowers current consumption as real interest rate increases.
We conclude that in the aggregate demand, C d , decreases as r rises. Again, the
omitted variables in the function, denoted by ..., include the wealth and substitution eﬀects that arise from changes in the production function. Once we know
the market clearing level of aggregate output we can compute the corresponding
level of aggregate work eﬀort by N ∗ = F −1 (Y s∗ ).
Figure 3: Market clearing:
Barro [1], Figure 5.1

4.3

Impact eﬀects of a negative supply shock

Next we investigate the impact eﬀect of a negative supply shock on our marketclearing economy. In reality all endogenous quantities in our market-clearing
model are determined simultaneously. However, we derive the eﬀects on Y , C,
N , and r step by step.
4.3.1

Temporary parallel downward shift of the production function
(Figure 4)

• Primary eﬀect
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– The primary eﬀect of a temporary parallel downward shift of the production function in period t is a signiﬁcant shift of the Y s curve to the
left: For any given real interest rate, more output can be produced.
• Wealth eﬀect
– We know that a parallel downward shift of the production function
involves a pure negative wealth eﬀect. Since the adverse shock is
short-lived, the decline in wealth must be small. This means that
the C d curve is shifted a little bit to the left. Moreover, current aggregate leisure decreases slightly and, equivalently, current aggregate
work eﬀort, N , increases slightly.
– The increase in aggregate work eﬀort implies a rise in good supplied
which involves a small shift of the Y s curve to the right (oﬀsets only
a small part of the initial cutback in aggregate supply).
• Eﬀects of a change in r
– Since the shift of the supply curve is larger than that of the demand
curve there is excess demand for commodities at the initial interest
rate, r∗ . In other words, at the going interest rate everybody would
like to reduce his or her saving or borrow more. This is not possible,
since aggregate saving must end up being zero in every period. r
must rise to clear the commodity and bond markets; at (r∗ ) > r∗ the
markets clear.
– The increase in r lowers the quantity of goods demanded along the
new C d -curve (current aggregate demand decreases) and raises the
quantity supplied along the new Y s -curve (current aggregate supply
increases).
• Given (Y s∗ ) we can determine (N ∗ ) (see above). The story reads as follows:
The small decline in wealth raises work eﬀort; the rise in r (intertemporal
substitution eﬀect!) reinforces the wealth eﬀect; the aggregate work eﬀort
rises.
Figure 4: Temporary downward shift:
Barro [1] Figure 5.4
4.3.2

Temporary proportional downward shift of the production function (Figure 4)

The only new element compared to the previous case are the substitution eﬀects
implied by a change in the marginal product of labor, M P N .
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• Primary eﬀect
– The primary eﬀect of a temporary proportional downward shift of the
production function in period t is a signiﬁcant shift of the Y s curve to
the left.
• Eﬀect on labor eﬀort
– Since the adverse shock is short-lived, the decline in wealth must be
small. This means that the C d curve is shifted a little bit to the
left. Moreover, current aggregate leisure decreases slightly and, equivalently, current aggregate work eﬀort, N , increases slightly.
– The increase in aggregate work eﬀort implies a rise in goods supplied
which involves a small shift of the Y s curve to the right (oﬀsets only
a small part of the initial cutback in aggregate supply).
• Substitution eﬀects:
– Static substitution eﬀect between leisure and consumption:
Current leisure becomes cheaper relative to consumption in the current period (period t). Current consumption and current work eﬀort
decrease, current leisure rises.
– Intertemporal substitution eﬀect between leisure today and
leisure tomorrow: As the marginal productivity of labor in period
t decreases temporarily, leisure at period t becomes cheaper relative
to leisure at period t + 1 (and all subsequent periods). Accordingly,
households substitute toward current leisure and away from future
leisure. Equivalently, current work eﬀort decreases and future work
eﬀort rises.
– The substitution eﬀect between leisure and consumption as well as
the intertemporal substitution eﬀect lead to a reduction in current
work eﬀort and, hence, to a reduction of goods supplied (leftward
shift of the Y s -curve). Households spread this fall in today’s income
over consumption and leisure in all periods; current aggregate demand
decreases, but only by a small amount (small leftward shift of the C d curve).
– We conclude that the two substitution eﬀects do not alter the general
conﬁguration of the commodity market graph given in Figure 4. The
only qualitative diﬀerence in the results concerns the behavior of work
eﬀort which is now ambiguous.
• Eﬀect of a change in r
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– As before, the shift of the supply curve is larger than that of the
demand curve. Hence, there is excess demand for commodities at the
initial interest rate, r∗ . In other words, at the going interest rate
everybody would like to reduce his or her saving or borrow more. This
is not possible, since aggregate saving must end up being zero in every
period. r must rise to clear the commodity and the bond market; the
markets clear at (r∗ ) > r∗ .
– The increase in r lowers the quantity of goods demanded along the
new C d -curve (current aggregate demand decreases) and raises the
quantity supplied along the new Y s -curve (current aggregate supply
increases).
4.3.3

Permanent proportional downward shift of the production function (Figure 5)

• Primary eﬀect
– The primary eﬀect on Y s in period t remains the same as above.
• Wealth eﬀect
– When the proportional downward shift is permanent, the wealth effect is big. There is now a strong negative eﬀect on consumer demand
(strong leftward shift of the C d -curve) and, equivalently, a strong positive eﬀect on labor supply.
– The large increase in work eﬀort implies a signiﬁcant raise in goods
supplied which involves a sizeable shift of the Y s curve to the right
(oﬀsets a signiﬁcant part of the initial cutback in aggregate supply).
– Overall C d and Y s are reduced by comparable amounts so that r does
not change; the markets clear at (r∗ ) = r∗ . (All the eﬀects stemming
from a change in r above are nil.)
• Substitution eﬀects
– The static substitution eﬀect between leisure and consumption lead
to a reduction in work eﬀort and, hence, to a reduction of goods supplied (leftward shift of the Y s -curve) in all periods. This decline in
income leads to a decline in consumption (and leisure) in all periods;
current aggregate demand decreases (leftward shift of the C d -curve).
We conclude that this substitution eﬀect does not alter the general
conﬁguration of the commodity market graph given in Figure 5.
– Note that there is no intertemporal substitution eﬀect since all periods
are aﬀected in the same way!
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• Although r does not change both C d and Y s fall. The behavior of work
eﬀort remains ambiguous.
Figure 5: Permanent downward shift:
Barro [1] Figure 5.7

4.4

A note on dynamics

So far we’ve been asking ourselves what the impact eﬀects of a productivity shock
on our model economy are. But at times we might wonder about the eﬀects of a
shock on the variables of interest not only in the time period in which the shock
happens (in period t, namely), but also in the subsequent time periods t + 1,
t + 2, etc. In the present setting, the dynamic responses to a productivity shock
are pretty dull: When the shock is temporary, the economy returns to its initial
equilibrium in period t+1 and stays there forever. When the shock is permanent,
the economy reaches a new equilibrium in period t and stays there from time t
onwards.

5

Digression: Decentralized labor market

So far we have thought of households as being ﬁrms or, as we have called them
alternatively, self-employed yeoman farmers. This may seem strange, but as we
will show in this section this device is just a useful simpliﬁcation. The results
can easily be extended to the case of decentralized labor market, where we have
labor supplying households on one side of the market and labor demanding ﬁrms
(owned by households) on the other side of the market. We adopt Barro’s notation
with the exception that (as hitherto) l stands for leisure and n stands for work
eﬀort.

5.1

Assumptions

• We introduce ﬁrms which are owned by households. All ﬁrms produce
according to the same CRTS technology. (Given our assumption of constant
returns, we can think of output as being produced by a single representative
ﬁrm that behaves competitively.)
• We introduce a third market, the labor market.
• All labor services are identical. All jobs have identical working conditions.
Information is symmetric and there are no externalities and no imperfections whatsoever.
• The labor market is always cleared, i.e. employment equals the labor force
and vacancies and unemployment are always zero.
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• We neglect distributional eﬀects.

5.2

The equilibrium

Demand side: From the classical microeconomic theory of the ﬁrm we know that
if the ﬁrm acts to beneﬁt its owners then it sets its demand for labor, nd , to
maximize proﬁt in each period. To maximize proﬁt a ﬁrm expands employment
up to the point at which the value of the marginal product equals the wage rate,
i.e. until p · M P N = w. An upward shift in the schedule for labor’s marginal
product leads to a greater quantity of labor demanded at any given real wage
rate. Employment expands. (Note that the interest rate does not aﬀect the
demand for labor.) We can summarize results by writing down a function for the
aggregate demand for labor
N d = N d (w/P , ...)
−

Supply side: In contrast to the previous model households sell their labor
services at the real wage rate, w/P , rather than working on their own production.
The real wage rate therefore indicates the terms on which people can substitute
consumption for leisure. For workers, the real wage takes the place of the marginal
product of labor as the measure of how much additional consumption can be
gained from more work. If the real wage rises, a worker can get more consumption
than before for additional work. Thus, we assume that an increase in the real
wage raises the quantity supplied of labor and the demand for consumption. The
eﬀects of a change in interest rate, r, remains the same as in the previous model;
an increase in the interest rate rises the supply of labor. We can summarize the
results by writing down functions for aggregate labor supply
N s = N s (w/P , r , ...)
+

+

where (...) refers to any elements that generate departures of expected future real
wage rates from the current value.
Clearing the labor market: Including the labor market in our model gives
another aggregate consistency condition: For a given value of interest rate, r,
and for a given state of production, the labor market clears when the real wage
rate is (w/P )∗ and the quantity of work is N ∗ .

5.3

Conclusions

The presence of the labor market does not alter the analysis and results of section
4, i.e. it does not aﬀect the results about how changes in the production function aﬀect the economy. The only diﬀerence is that the presence of an explicit
labor market improves the economy’s eﬃciency and performance by equalizing
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workers’ marginal product of labor. At any point in time, each worker receives
the same real wage rate because we assumed that all labor services are identical.
Labor’s marginal product therefore end up being the same on all production processes. This, of course, is eﬃcient; otherwise the economy’s total output could
rise without changing total work eﬀort, simply by shifting workers from one place
to another. On the other hand, there is no reason for workers’ marginal products
to be equal if a labor market does not exist.

6

Investment and the baseline RBC model

With this section we reach the ﬁnal step in constructing an RBC model. The
most crucial modiﬁcation with respect to the preliminary version is the introduction of investment and capital. In the baseline RBC model, capital is simply
stored consumption goods. The storage of consumption (we call it ”capital accumulation”) allows a closed economy to save and dissave. However, dissaving is as we shall see - possible only to a limited degree.

6.1

Firm investment behavior with exogenous interest rates

We start by investigating the demand for investment, based on a neoclassical
ﬁrm’s investment decision in a perfect foresight setting. That is, we consider the
investment decision of an isolated ﬁrm which has access to a bond market. The
intuition gained in this subsection carries over to the stochastic baseline RBC
model with which we are going to deal further below.
When it comes to the decision whether some amount of capital should be
purchased or not, a producer faces two alternatives (recall that we assume perfect
foresight):
a) Either he or she buys an additional unit of capital on the capital goods
market at the beginning of a given period, utilizes it during the period and
sells what is left of it at the end of the period on the capital goods market.
−Pt + Pt+1 M P Kt + Pt+1 − δPt+1
(−Pt ) is the price of an additional unit of capital at the beginning of a
given period t. If we hold labor ﬁxed, Pt+1 · M P Kt is the nominal value of
what the producer can produce and hence sell additionally when he or she
purchases an additional unit of capital and utilizes it during the current
period to produce one unit of output (there is only one type of good in
the model and this good is used for either consumption or investment).
Pt+1 − δPt+1 is what the producer gets when she sold the utilized capital
good at the end of period at Pt+1 minus what the value of depreciation at
t + 1.
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b) Or he or she invests the same amount of money which the purchase of a
unit of capital would have required in a risk free bond which yields some
risk free (nominal ) return
−Pt + Pt (1 + Rt )
−Pt is the price of an additional unit of capital at the beginning of a given
period t which now is invested in a risk free bond. At the end of the period
the producer/invester gets principal plus interest, Pt (1 + Rt ).
For the producer to be indiﬀerent between the two alternatives, both must
yield the same return. Conversely, if one of the two alternatives is more attractive,
the producer will choose this alternative and will continue to do so until the two
alternatives are equivalent. The resulting equation is particularly meaningful
when we rewrite it as follows
−Pt + Pt+1 M P Kt + Pt+1 − δPt+1 = −Pt + Pt (1 + Rt )
Pt+1 (M P Kt + 1 − δ) = Pt + Pt Rt
Pt+1 M P Kt = Pt Rt + δPt+1 + [Pt − Pt+1 ]

(5)

In words: The ﬁrm should equate the value marginal product of capital to an implicit rental price that consists of three terms: the interest cost, the depreciation
cost, and the capital loss cost.
Let us express this condition in real terms. We start by modifying it to
Pt+1 (M P Kt + 1 − δ) − Pt = Pt Rt
Pt+1 (M P Kt + 1 − δ) − Pt
= Rt
Pt
Then we deﬁne
Pt+1 − Pt
Pt
 Pt+1 = Pt (1 + πt )

πt ≡

Thus,
Pt (1 + πt ) (M P Kt + 1 − δ)
= 1 + Rt
Pt
(1 + πt ) (M P Kt + 1 − δ) = 1 + Rt
Moreover, let us deﬁne
(1 + Rt )
(1 + πt )
 (1 + Rt ) = (1 + πt ) (1 + rt )

1 + rt ≡
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We end up with
(1 + πt ) (M P Kt + 1 − δ) = (1 + πt ) (1 + rt )
M P K t − δ = rt

(6)

This optimality condition says that period t investment should continue to the
point at which its marginal return net of depreciation is the same as the real
return on a bond.
Figure 6: Investment and capital:
Barro [1], Figure 9.6
Depicting the optimality condition (see Figure 6) helps to recognize that the
condition (6) implicitly deﬁnes the desired stock of capital of the ﬁrm, k̂t . The
eﬀects of a change in M P Kt , rt or δ, respectively, on k̂t can be read oﬀ the graph.
(Do this experiment!) We conclude that

(7)
k̂t = k̂ rt , δ , ...
− −

Suppose the capital accumulation equation of the ﬁrm is given by
kt = it + (1 − δ) kt−1
where it is gross investment. Substituting k̂t for kt in the capital accumulation
equation yields a demand function for gross investment, idt
idt = k̂t − (1 − δ) kt−1

d
it = k̂ rt , δ , ... − (1 − δ) kt−1
− −

d
d
it = i rt , δ , kt−1 , ...
− ?

−

Note that the eﬀect of a change in δ on idt is ambiguous.

6.2

Assumptions of the baseline RBC model

After having studied the optimal investment decision by an individual producer,
we now continue by setting up a full-ﬂedged one-good, one-shock RBC model
including capital and investment. We continue to think of producers as selfemployed yeoman farmers who invest with the goal of maximizing their lifetime
utility. We could, however, show that the results would be exactly the same when
we explicitly allowed for markets in labor and capital. We make the following
assumptions:
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• We consider a simple, closed economy without a government sector.
• The economy is populated by inﬁnitely lived households with identical preferences over consumption, c, and leisure, l.11
• We do not distinguish ﬁrms from households, i.e. we do not explicitly deal
with ﬁrms or factor markets.
• There is only one type of good that people produce and exchange.
• This good is produced according to the technology yt = f (kt−1 , nt ); k stands
for physical capital (i.e. producer’s durable equipment and structures).
f (·) is strictly increasing in its argument, is concave, twice continuous
diﬀerentiable, and homogenous of degree one.12 Note that it takes time to
make new capital operational; for use in production during period t, the
stock from period t − 1 is available. Further note that we abstract from
variations in the utilization rate of capital, i.e. the capital stock equals
capital services (in terms of a standard shift per day).
• After every period producers sell all of their output on the commodity
market at price p; housholds/ﬁrms buy these goods either for consumption
or investment. The initial labelling choice as consumables or capital is
irreversible; households cannot consume their capital at a later date. (They
can, however, allow capital to depreciate and not replace it. See below.)
• There is a single type of capital, i.e. there is no diﬀerence between old and
new capital.
• The moving of capital goods from one production activity to another is
possible at negligible costs; each unit of capital must therefore end up with
the same physical marginal product.
• Capital goods tend to depreciate over time; the amount of depreciation
during period t is a constant fraction of capital, δ ∈ [0, 1]. The capital
stock that is available in period t + 1 is therefore given by13
kt = it + (1 − δ) kt−1
11

Due to the assumption that all households are identical with respect to both preferences
and endowments, we could - if we wanted - work with a representative household. As a corollary
we would identify individual variables with national aggregates - and in fact would not care
about this distinction.
12
In fact, f (·) satisﬁes another important condition called the Inada-condition. Compare
Summary 3.
13
Note that the capital accumulation equation usually looks slightly diﬀerent, kt+1 = it +
(1 − δ) kt . This diﬀerence has to do with the speciﬁcation of technology which is usually given
by yt = f (kt , nt ).
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We implicitly assume that ﬁrms adjust their capital stock costlessly.14
• We assume a given initial capital stock for this economy (usually the steady
state level).
• As usual there is a bond market. All bonds are alike and have maturity of
one year. Thus, the interest rate is the same for all bonds.
• All markets are always cleared, i.e. total output equals total consumption
and each dollar lent by someone on the bond market corresponds to a dollar
borrowed by someone else.
• In the aggregate the stock of bonds equals zero (i.e. savings and borrowings equal zero) in each and every period. This means that the only way
for this closed economy to shift resources through time is by accumulating/depreciating capital.
• There is only one source of shocks in this economy: changes in the production function.

6.3

Graphical representation

The graphical representation of the baseline RBC model contained in Figure 7
is useful to study the impact eﬀects of a productivity shock on the variables
of interest. It is less useful, however, to understand the dynamic responses of
the model economy. The problem is, that - in contrast to the preliminary RBC
model - investment increases in response to a positive productivity shock (i.e.,
the representative household optimally saves some fraction of the higher current
output). An rise of the capital stock, of course, has consequences on the dynamics
of the model economy. Nevertheless, we start by studying Figure 7.
Figure 7: Full-fledged RBC model:
Barro [1], Figure 9.7
As in the preliminary RBC model there are two markets and, since this is
a market-clearing model, there are two aggregate-clearing conditions: (i) Total
production equals total uses of output; (ii) Each dollar lent by someone on the
credit market corresponds to a dollar borrowed by someone else. Thus, in the
aggregate B d = 0. (Recall that this is a closed economy.)
By Walras’ law we explicitly feature only one market, the goods market. We
write out the condition for clearing the commodity market during a given period
as



s
d
d
Y rt , ... = C rt , ... + It rt , ...
+

−

14

−

For the case where capital is costly to install compare e.g. Romer [8], chapter 8 or Obstfeld
and Rogoﬀ [7], section 2.5.2.
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As in the preliminary version, the LHS of this market clearing condition shows
the positive intertemporal substitution eﬀect from the real interest rate on the
aggregate supply of good. The omitted variables in the function, denoted by
..., include the wealth and substitution eﬀects that arise from changes in the
production function as well as the quantity of capital from the previous period.
The RHS contains the two components of aggregate demand. Consumption
demand is exactly the same as in the RBC without investment and capital. Accordingly, C d depends negatively on rt . Itd represents aggregate gross investment
demand15
Itd = K̂ − (1 − δ) Kt−1
As we have seen in the subsection on ﬁrm’s demand for investment, idt depends
negatively on rt . We conclude that in the aggregate gross investment also depends negatively on rt . Again, the omitted variables in the function, denoted
by ..., include the wealth and substitution eﬀects that arise from changes in the
production function as well as the quantity of capital from the previous period
and the depreciation rate. Note that the investment demand curve is less negatively sloped that the consumption demand curve since it is especially sensitive
to variations in the real interest rate.16

6.4
6.4.1

Impact eﬀects of a positive supply shock
Temporary parallel upward shift of the production function
(Figure 8)
Figure 8: Temporary upward shift:
Barro [1], Figure 9.8

• Eﬀects on the Y s and the Y d curve (shifts of the curves):
– The improvement of the production function in period t shifts the
aggregate supply curve to the right.
– Wealth rises, but by only a small amount, because the increase in
income is temporary. Therefore
∗ Consumer demand rises by a small amount.
15
Note that aggregate gross investment cannot be negative whereas aggregate net investment,
Itd − δKt−1 = K̂t − Kt−1 , can be negative but only up to the amount of depreciation. Aggregate
real saving, ﬁnally, is given by K̂t − Kt−1 .
16
Generally, because net investment is a small fraction of the existing capital stock, small
percentage changes in the desired capital stock generate large changes in net investment demand.
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∗ Work eﬀort falls by a small amount. This decrease in work eﬀort
oﬀsets part of the increase in the supply of goods (small leftward
shift of Y s ).17
– Gross investment demand does not shift since there is no change
in M P Kt . Note that any eﬀects of changes in the real interest rate
are captured by movements along the Y d curve.
• Eﬀects on real interest rate (movements along the curve):
– At the initial market clearing interest rate, the quantity of goods supplied exceeds the quantity of good demanded. Equivalently, we can
say that the disturbance creates an excess of desired real saving over
investment demand
(S ≡) Y s − C d > I d
Hence, the real interest rate must fall for the commodity market to
clear. This has the following consequences:
∗ As we move from the situation of the excess supply to the new
equilibrium point we note that the fall in the real interest rate
raises consumption and investment demand.
∗ A cut in r not only lowers the costs of current consumption; the
same argument holds true for leisure. Thus, work eﬀort falls
short of the initial amount.
• Closer inspection of the quantitative responses of consumption demand,
work and investment demand:
– Because the wealth eﬀect is weak, the changes in consumption and
work will be large only if there is a substantial decline in the real
interest rate.
– Since investment demand is highly responsive to r, a small decrease in
r is suﬃcient to clear the commodity market. Hence, most of the rise
in output reﬂects an increase in investment and there is only a small
change in consumption and work.
6.4.2

Temporary proportional upward shift of the production function

Upward shift of the schedule for labor’s marginal product, M P Nt (Figure 8)
17
Note that such a feedback only happens when labor supply changes for reasons other than
a change in the real interest rate (here because of a pure wealth eﬀect).
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• The improvement of the schedule for labor’s marginal product, M P Nt ,
shifts the aggregate supply curve to the right.
• Wealth rises, but by only a small amount, because the increase in income
is temporary. Therefore
– Consumer demand rises by a small amount.
– Work eﬀort falls by a small amount. This decrease in work eﬀort
oﬀsets part of the increase in the supply of goods (small leftward shift
of Y s ).
• The change in M P Nt motivates people to raise work eﬀort (current leisure
becomes more expensive relative to consumption - static substitution effect).
• Because the improvement in productivity is temporary, there is also an
intertemporal-substitution eﬀect (current leisure becomes more expensive
relative to future leisure), which reinforces the tendency for work to rise.
• The increase in work eﬀort implies additional rightward shifts to commodity
supply. Output expansion becomes even larger.
• At the initial market clearing interest rate, the quantity of goods supplied
exceeds the quantity of goods demanded. Hence, the real interest rate
must fall for the commodity market to clear:
– As we move from the situation of the excess supply to the new equilibrium point we note that the fall in the real interest rate raises consumption and investment demand.
– A cut in r not only lowers the costs of current consumption; the same
argument holds true for leisure. Thus, work eﬀort falls short of the
initial amount.
Upward shift of the schedule for capital’s marginal product, M P Kt
(Figure 9)
Figure 9: Temporary upward shift of M P Kt
• Recall that this marginal product refers to the output for period 1 + t.
• To keep things simple, assume, for the moment, that no changes occur to
the production function in period t. That is we neglect the positive eﬀects
on the current supply of goods, Y s , and the eﬀects from increased wealth.
Given this assumption, the only eﬀect from the disturbance is an increase in
net investment demand (since M P Kt increases) which leads to a rightward
shift of the Y d curve.
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• This leads to an increase of the real interest rate and, hence, output. As
we move along the curves to the new equilibrium we note
– that the higher real interest rate leads to a fall in investment and
consumption demand. As usual the reaction of investment demand on
a increase in rt is bigger than that of consumption demand. Note that
the net eﬀect on investment demand still is positive.
– that the expansion of output reﬂects the positive eﬀect of the higher
real interest rate on work eﬀort (movement along Y s ).
• When we relax the assumption that no changes occur to the production
function in period t, then the eﬀect of a temporary proportional upward
shift of M P Kt is a combination of shifts of the schedule for capital’s and
labor’s marginal product. For a discussion compare Subsection 6.5 and Set
9, Problem 11.
6.4.3

Permanent parallel upward shift of the production function

• Eﬀects on the Y s and the Y d curve (shifts of the curves):
– When the favorable shock is permanent, the wealth eﬀects become
important.
∗ There is a strong positive eﬀect on consumer demand (large forward shift of the demand curve).
∗ There is a strong negative eﬀect on work eﬀort (implies a backward
shift of the supply curve which is larger than before).
– Overall, the rightward shift in demand roughly equals that in supply.
Therefore, output rises, but the real interest rate does not change.
6.4.4

Permanent proportional upward shift of the production function

Compare subsection 6.5, Dynamic response of the baseline RBC model to productivity shocks. In particular, observe the large positive eﬀect on the real interest
rate!

6.5

Dynamic response to a productivity shock

So far we’ve been asking ourselves what the impact eﬀects of a positive productivity shock on our model economy are. But we might wonder about the eﬀects of
a shock on the variables of interest not only in the time period in which the shock
happens (in period t, namely), but also in the subsequent time periods t+1, t+2,
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etc. We call this the dynamic response of a model economy. Those dynamics are
represented by means of so-called impulse response functions (IRF).
King and Rebelo [3] generate the IRF for the baseline RBC as it is presented
in this summary. They consider a proportional upward shift of the production
function. First, they let the shock be very short-lived. Next, they consider the
case where the shock is fairly long-lived.18 Finally they consider the case of
a permanent shock. In the remainder of this subsection, we simply quote the
relevant part from King and Rebelo [3]. The IRF for all three cases are included
in the PDF ﬁle containing the ﬁgures to this summary. (If you do not immediately
understand what is going on: do not become desperate. It is a complex story
going on here. Just stick at it.)
Purely temporary shock : ”Productivity is assumed to increase by one percent
in the initial period (date 1). Given the rise in the marginal product of labor
resulting from the increase in productivity, the representative household faces an
unusually high opportunity cost of taking leisure in this initial period. While
there are oﬀsetting income and substitution eﬀects, the model’s preferences were
chosen so that a permanent increase in the real wage (such as the one associated
with the trend in technical progress) generates exactly oﬀsetting income and
substitution eﬀects so that labor and leisure are left unchanged. An implication of
this result is that N has to rise in response to a temporary productivity increase.
With a temporary shock, there is a much smaller income eﬀect and there is
greater incentive to substitute intertemporally, since the current wage is high
relative to expected future wages. On net, the positive labor response ampliﬁes
the productivity shock. Half of this response is due to the direct eﬀect of the
productivtiy shock and half due to the increase in labor.
”The representative agent must choose what the economy will do with all
this additional output. One possibility is to consume it all in period one. However, this would be ineﬃcient given that the marginal utility of consumption is
decreasing, thus inducing a preference for smooth consumption paths. It is optimal to increase consumption both today and in the future. In fact, given that
there are many future periods, only a small fraction of the output windfall will
be consumed at time 1; most of it will be invested. Thus investment rises by
8% in response to a 2% increase in output. It is interesting to note that the
high volatility of investment, which Keynes ascribed to ’animal spirits’, arises
naturally in this economy as the ﬂip side of consumption smoothing.
”In the future, which begins with period 2, productivity returns to its original level. The only diﬀerence relative to period zero is that the economy has
accumulated some capital and only a relatively small amount since the productivity shock lasted just for one period. The optimal policy for the economy is to
gradually reduce this excess capital by enjoying higher levels of consumption and
leisure. The real interest rate signals individuals to adopt these consumption and
18

We call this a persistent shock; productivity shocks persist for a while but not forever.
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leisure paths: with a purely temporary change in productivity, the real interest
rate falls in the impact period and in all future periods, making it desirable for
individuals to choose consumption proﬁles that decline through time toward the
steady-state level.”
Long-lived (but not permanent) shock : ”The same mechanisms are at work
as in the case of a purely temporary shock, but these eﬀects are now drawn out
over time. We now have an extended interval in which productivity is above
normal . During this interval, workers respond by increasing their labor supply
and most of the additional output is invested. Interestingly, high productivity is
now initially associated with high real interest rate, since the marginal product
of capital schedule, M P Kt − δ, is shifted upwards by the productivity shock and
by a higher level of future labor input, with capital responding only gradually
via the accumulation of investment. However, later in the impulse responses, the
rate of return is below its steady-state level because the capital stock has been
built up while the stimulative eﬀects of the productivity shock and labor input
have dissipated. This leads consumption to initially grow through time and then
subsequently to decline back toward the stationary level. Later in the impulse
responses, as productivity converges slowly to its normal level, labor supply actually drops below the steady-state level as the economy enters a phase that
resembles the transitional dynamics discussed above. Investment also eventually
drops below the steady state, as the economy runs down the capital that was
accumulated during the initial expansion.
”As with the case of the purely temporary shock discussed above, the early
part of the impulse responses is dominated by the fact that the productivity shock
raises the desirability of work eﬀort, production, investment and consumption;
the latter part of the impulse response function is dominated by the transitional
dynamics, i.e., reduction of capital back toward its stationary level.”
Permanent shock : ”Figure 10 shows that the impulse responses of all variables
are substantially aﬀected by changing the driving process parameter ρ from 0.979
to 1. Part of this diﬀerence involves the fact that a permanent productivity shock
leads to an identical, proportional, long-run increase in consumption, investment
and output, while the stationary shock has no long-run eﬀect. There are also
important diﬀerences in how the economy responds in the short-run depending
on the value of ρ. (...) In the general equilibrium of our RBC model, there is one
additional channel [other than wage and wealth eﬀects]: interest rate eﬀects that
induce intertemporal substitutions for consumption and leisure. In general, these
intertemporal price eﬀects are a powerful inﬂuence, but one that is not much
discussed in informal expositions of the comparative dynamics of RBC models.
In particular, permanent increases in productivity lead to high real interest rates
and these induce individuals to substitute always from 0 consumption and leisure
(..).”
”We are now in a position to describe why a permanent shift in productivity
(arising when ρ = 1) has a smaller eﬀect on labor than a persistent but ultimately
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temporary shocks (ρ = 0.979). When the shock is temporary, there is a small
wealth eﬀect that depresses labor supply but temporarily high wages and real
interest rates induce individuals to work hard. When the shock is permanent,
there are much larger wealth eﬀects and the pattern of intertemporal substitution
in response to wages is reversed since future wages are high relative to current
wages. However, labor still rises in this case in response to productivity shocks
due to very large intertemporal substitution eﬀects of interest rates.”

6.6

Evaluation of the model
Figure 10: Cyclical behavior of the baseline RBC model
(taken from King and Rebelo [3], Table 3)

How well does the baseline RBC model match empirical business cycles? One
way of evaluating the predictions of the baseline RBC model is to compare moments that summarize the actual experience of an economy with similar moments
from the model.19 If we assume a long-lived but not permanent shock then the
model’s predictions ﬁt fairly well the various business-cycle facts (compare Figure 10); the summary statistics reported e.g. by King and Rebelo [3], Table 3,
are comparable to those discussed in Summary 1. However, there are also evident discrepancies. Notably, consumption and labor input in the baseline model
are each much less volatile than in the data. Further, the baseline RBC model
produces a strongly procyclical real wage and real interest rate, which does not
accord well with the U.S. experience.
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