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1. Motivation

(a) Researchers have identi�ed many potential exogenous
shocks

Technology (TFP) shocks
Tax and government spending shocks
Preference shocks

(b) Researchers have also identi�ed many potential
propagation mechanisms

Physical capital accumulation
Human capital accumulation
Intertemporal substitution of labor
Financial frictions
Capital and labor adjustment costs
Decision lags

(c) Which shocks and frictions are the most important?
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2. Approach

(a) Construct a basic RBC model where distortions
(“wedges”) cause the economy to deviate from a
steady-state competitive equilibrium.

(b) Measure the wedges by comparing quantities observed
in the data to quantities predicted by the model.

(c) Chari, Kehoe and McGrattan's (CKM, 2007)
equivalence result:

The wedges look like distortionary taxes,
government spending, and TFP shocks.
However, the wedges can capture the effects of
�nancial frictions, sticky prices (or wages) and other
frictions.

(d) Assess the importance of each “wedge” through
counterfactual simulations.
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3. CKM's Benchmark Model

(a) Producer's problem
Per-capita production function

yt = A tF
�
kt ; (1 + 
 )t ` t

�
;

A t = TFP shifter;

 = growth rate of labor-enhancing technology:

Producer solves:

max
kt � 0;` t � 0

A tF
�
kt ; (1 + 
 )t ` t

�
� r tkt � wt ` t :
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3. CKM's Benchmark Model

(b) Consumer's problem:

max
f ct ;kt +1 ;` t g

1
t =0

E0

� X 1

t=0
(�N )tU(ct ; ` t )

�
;

s:t: Nk t+1 = (1 � � + r t )kt + i t ;

ct + (1 + � it )i t = (1 � � `t )wt ` t + Tt ;

and the other usual constraints.
� it and� `t capture income taxes, consumption taxes,
property taxes, adjustment costs, �nancial frictions
and allocation frictions such as search costs or
decision lags.
Tt captures government transfers, needed to close
government's budget constraint.
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3. CKM's Benchmark Model

(c) Government (balanced) budget constraint:

� it i t + � `t wt ` t = Tt + gt ;

wheregt is per-capita government spending.
(d) Equilibrium Conditions

� U`t = (1 � � `t )(1 + 
 )tA tF`t Uct;

Uct(1 + � it ) = �E t

�
Uct+1

�
A t+1 Fkt+1 +

(1 � � )(1 + � it +1 )
� �

;

Nk t+1 = (1 � � )kt + A tF
�
kt ; (1 + 
 )t ` t

�

� ct � gt :
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4. Calculating the Wedges

(a) The wedges should allow the model to perfectly
replicate the data.

(b) Three wedges are derived directly from the equilibrium
conditions:

A t =
yt

F (kt ; (1 + 
 )t ` t )

1 � � `t = �
Uct

U`t
(1 + 
 )tA tF`t ;

gt = (1 � � )kt + A tF
�
kt ; (1 + 
 )t ` t

�

� ct � Nk t+1 :

All of the right-hand side variables are observed.
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4. Calculating the Wedges

(c) The investment wedge is trickier:
The Euler equation is dynamic, and involves
expectations:

1+� it = �E t

�
Uct+1

Uct
[A t+1 Fkt+1 + (1 � � )(1 + � it +1 )]

�
;

Approximate procedure:
Guess a stochastic process forf 1 + � it +1 gt .
Using this process, �nd the model's decision rules.
Use the equation above to calculate1 + � it (from
the LHS of the equation) for each year in the data.
Continue until the calculated values of1 + � it are
consistent with the assumed stochastic process.

There are several approaches (CKM; Inaba, 2007;
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5. CKM's Equivalence Result Illustrated

(a) Consider the following economy
Capital adjustment costs:

Nk t+1 = (1 � � )kt + i t � �
�

i t

kt

�
kt :

No other frictions.
No government,A t = 1; 8t.

(b) Euler equation

1
1 � � 0

t
= �E t

�
Uct+1

Uct

h
Fkt+1 +

�
� 0

t+1
i t+1

kt+1
� � t+1

+ (1 � � )
� 1
1 � � 0

t+1

i �
;
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5. CKM's Equivalence Result Illustrated

(c) Convert the adjustment cost economy into the
benchmark wedge economy

Imputed government spending for the wedge
economy is:

gt = (1 � � )kt + A tF
�
kt ; (1 + 
 )t ` t

�
� ct � Nk t+1 ;

= �
�

i t

kt

�
kt :

Adjustment costs “look” like government spending.
Now suppose adjustment costs are quadratic

�
�

i t

kt

�
=

a
2

�
i t

kt
� b

� 2

:
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5. CKM's Equivalence Result Illustrated

(c) Convert the adjustment cost economy into the
benchmark wedge economy

If adjustment costs are quadratic

� 0
t+1 = a

�
i t+1

kt+1
� b

�
;

� 0
t+1

i t+1

kt+1
� � t+1 =

a
2

 �
i t+1

kt+1

� 2

� b2

!

:

Because(x=k); b � 0, the �rst term above dominates
the second and we impute capital taxes as:

1 + � it �
1

1 � � 0
t
:
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6. CKM Case Study: The Great Depression

(a) Approach
Calculate each of the wedges
Simulate the model with different wedges set to their
pre-Depression (1929) values.

(b) Specialization

F
�
kt ; (1 + 
 )t ` t

�
= k�

t
�
(1 + 
 )t ` t

� 1� �
;

U(ct ; ` t ) = ln( ct ) +  ln(1 � ` t ):

(c) Findings
Ef�ciency and labor wedges are important
Investment wedge and government wedges are not
important

7. CKM �nd similar results for the entire postwar period.
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7. Prescott (2002)

(a) Approach
Look at growth, rather than business cycles
Cross-country comparisons
Measure taxes directly, rather than calculate them as
wedges.

(b) Growth decomposition
Per-capita resource constraint for countryi

yit = k�
it

�
A it (1 + 
 )t ` it

� 1� �
:


 is the same across countries, butA it is country
speci�c
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7. Prescott (2002)

(b) Growth decomposition
Rewrite production function as

ln(yit ) = t ln(1+ 
 )+ln( A it )+
�

1 � �
ln

�
kit

yit

�
+ln( ` it ):

Output depends on 4 factors
Trend growth:t ln(1 + 
 )
Productivity: ln(A it )
Capital intensity: �

1� � ln(kit =yit )
Labor utilization:ln(` it )
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7. Prescott (2002)

(c) Cross-country comparison
Compare France, Japan and the U.K. to the U.S.
All countries have similar capital intensities
France has a much lower labor utilization rate than
the U.S.
Japan has a much lower level of productivity
The U.K. has lower productivity and lower labor
utilization
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7. Prescott (2002)

(c) Explaining labor utilization
Suppose the consumer solves:

max
f ct ;kt +1 ;` t g

1
t =0

E0

� X 1

t=0
(�N )t [ln(ct ) +  ln(1 � ` t )])

�
;

s:t: Nk t+1 = (1 � � + r t )kt + (1 � � `t )wt ` t

+ Tt � (1 + � ct)ct ;

and the other usual constraints.
First-order condition

1 � � `t

1 + � ct

�
wt

1
ct

�
=  

1
1 � ` t

:

701: Accounting – p. 16/17



7. Prescott (2002)

(c) Explaining labor utilization
Imposewt = (1 � � )yt=`t and rewrite �rst-order
condition as

` t =
�
1 +

 
1 � �

(ct=yt )
1 + � ct

1 � � `t

� � 1

:

Assume that taxes fund transfers
Equivalently, government goods are perfect
substitutes for private consumption.
Implies thatct=yt does not depend on taxes.
Lack of income effects means we can focus on tax
rates.

Finding: Measured tax rates can explain
cross-country differences in labor utilization.
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