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1 Ex 1.

1. zt measures technology shock. HOne meausre size of shock, the other measure the persis-
tence of previous shocks. j�j < 1 is required for sationarity. (mean and variance does not change
over time.) � = 1 randome work. j�j > 1; in�nite variance for zt:

Real world events: New technology. New inventions, such as steam engine, computer etc.
Organizational (institutional) changes. Environmental changes. Might be deviations from an
underlying trend in a more realistic setting. (not increased demand)

2. �rms maximize pro�ts in competitive market subject to its own technology with respect to
capital and labor:

max[Yt � wtNht � rtKt � �Kt] (1)

= max[eztK�
t (Nht)

1�� � wtNht � rtKt � �Kt]

FOC:
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@ht

= (1� �)( Kt
Nht
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= �ezt(
Kt
Nht

)��1 = rt + �

3. budget constraints for consumers:
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no Ponzi-game condition:

lim
t!1

(

t�1Y
s=1

1

1 + rs
)at = 0

debt cannot increase faster than real interest rate. (not die with negative wealth. not die with
positive wealth either). Note that only when the non-Ponzi condition is satis�ed, the present value
of the life time consumption will be �nite.

4. household decision:

maxE(

1X
t=0

�tu(ct; 1� ht))

s:t: at+1 = (1 + rt)at + wtht � ct

we rewrite it using the value function representation. State variable (at; zt). Decision variable
(ct; ht) :
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V (at; zt) = max
ct;ht

U(ct; 1� ht) + �E(V (at+1; zt+1))

using the budget constraints and replace at+1 with (1 + rt)at + wtht � ct, we have

V (at; zt) = max
ct;ht

U(ct; 1� ht) + �E(V ((1 + rt)at + wtht � ct; zt+1))

FOC w.r.t ct and ht:
@U(c�t ; 1� h�t )

@ct
= �E[

@V (a�t+1; zt+1)

@at+1
] (3)

@U(c�t ; 1� h�t )
@ht

= �wt�E[V (a�t+1; zt+1)] (4)

which give us
@U(c�t ; 1� h�t )

@ht
=
@U(c�t ; 1� h�t )

@ct
= �wt (5)

again using envelop theorem:

@V (at; zt)

@at
= �(1 + rt)E[

@V (a�t+1; zt+1)

@at+1
] (6)

= (1 + rt)
@U(c�t ; 1� h�t )

@ct

combine (3) and (6) we have the Euler condition:

Uc(c
�
t ; 1� h�t ) = �E[(1 + rt+1)Uc(c�t+1; 1� h�t+1)] (7)

together with (5) and the budget constraint, we can charaterize the choices of the consumer.

note that in our case,
U = lnC + � ln(1� h)

we can rewrite the conditions as:
�c�t
1� h�t

= wt

and
1=c�t = �E(

1 + rt+1
c�t+1

)

5. Relative labor supplies in two successive periods, note that we have

1

wt(1� h�t )
= �E[

(1 + rt+1)

wt+1(1� h�t+1)
]

This gives us the inter-temporal substitution relationship between labor supply behaviors in
two successive periods. They response to relative wages. Higher �rst period wage will reduce �rst
period leisure and increase �rst period labor supply. In addition, interest rate r also has an e¤ect,
with higher interest in second period, the consumer may want to increase �rst period labor supply
and save more to take advantage of the higher interest.

6. equilibrium consists time path of:
a) output

Yt = e
ztK�

t (Nht)
1�� (8)
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b) consumption

1=c�t = �E(
1 + rt+1
c�t+1

) (9)

c) capital (missing)

Kt+1 = (1� �)Kt + Yt � Ct = (1� �)Kt + Yt �Nct (10)

d) employement
1

wt(1� h�t )
= �E[

(1 + rt+1)

wt+1(1� h�t+1)
] (11)

e) wage rate

(1� �)( Kt
Nht

)�(ezt) = (1� �) Yt
Nht

= wt (12)

f) interest rate

�ezt(
Kt
Nht

)��1 � � = � Yt
Kt

� � = rt (13)

7. positive shock on "t -> positive shock on zt can be seen as a positive shock on technology.

initital responses:
Marg return to capital increase => interest rate goes up, investment goes up (13)
Marg return labour increase => real wage rate goes up (12)

e¤ect on other variables:
� income e¤ect, higher wages (and higher interest income this period) will lead to

higher income => consumption goes up, leisure goes up
� wage e¤ect (substitution e¤ect) => work more, labor supply goes up
� interest rate e¤ect (substitution between consumption and savings, intertemporal

substitution in labor supply) => work more and consume less

in our setting,
Output will increase due to positive technology shock.

For consumption, it is typically that income e¤ect dominates , so consumption increases.
For labor supply, it depends on the relative increase of w and r, (income e¤ect vs

substitution e¤ects) (11)
investment goes up.

Since the shock is temporary (it dies out slowly due to the AR(1) structure), in long run, the
system will return to its normal state. However, the adjustments take time. See also the numerical
example and related discussion in the book.

Ex 2.

Two things decide the weights: 1) How much e¤ort is this part of the exam requiring? 2)
How central is the topic? This question is demanding but not necessarily requiring 1/3 of the
time to answer. There is no explicit demand for a formal model. Good verbal reasoning will be
appreciated, and can give top grades on this question.
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So there is a wide range of possible answers here - from setting up a simple two periods model
with certainty to a verbal discussion. They can be equally valuable.

Points that could be made:

� Engoenous labor supply: employment is on labor supply curve, no involuntary unemploy-
ment,

� intertemporal substitution important

� technology shocks main source of movement of labor demand

� variations in hours versus numbers

� reconciling high volatility in employment with low estimated elasticities of labor supply

� Rogerson�s labor lottery model

� In addition to Romer, the article by Li is a source.
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