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1 True or False [20 Points]

1. [2.5 Points] A change in the workers’ bargaining power does not change the natural rate of unem-
ployment.

Solution: FALSE.
If workers have more bargaining power then the natural rate of unemployment increases

2. [2.5 Points] If people assume that inflation will be the same as last year’s inflation, the Phillips
curve relation will be a relation between the change in the inflation rate and the unemployment

&ap-
Solution: TRUE.
The Phillips Curve is given by
T = 7T€+£¥(Mt —M”)

If 7° = 1;,_1 then
e — o1 = (up —u'")

3. [2.5 Points] If unemployment is constantly below its natural level and people expect that inflation
will be the same as last year’s inflation the inflation rate explodes over time (that is, it increases
over time).

Solution: TRUE.
The Phillips curve is
= 11 + o (up — u")
If uy — u™ > 0 for all t then 77; > 71,1 and inflation explodes.
4. [2.5 Points] A negative financial shock in the IS-LM model shifts the IS curve to the left. Solution:
TRUE.

A negative financial shock in the IS-LM model reduces investment for a given interest rate. This
represents a shift of the IS curve to the left.



Consider a modified version of the Solow Model with technological progress that includes human
capital.

5. [2.5 Points] Adding human capital to the Solow model doesn’t change steady state growth.
Solution: TRUE.
Steady state growth is given by the rate of technological progress, regardless of the presence of
human capital.

6. [2.5 Points] Human capital doesn’t influence the level of output per worker in steady state.
Solution: FALSE.
Even though human capital does not change steady state growth, it affects the level of output per
worker in steady state.

7. [2.5 Points] If we assume no difference in productivity across countries, the model predicts higher
inequality in output per worker than we observe in the data.
Solution: FALSE.
If we assume no difference in productivity across countries, the model predicts lower inequality
than we observe in the data.

8. [2.5 Points] On average, poor countries grow faster than rich countries.
Solution: TRUE.

On average poor countries are further from their steady state than rich countries, so they tend to
grow faster.

2 The IS-LM-PC Model [40 Points]

Consider an economy whose aggregate demand side is characterized by
Zt =C (Yt, T) +1 (Yt,rt) + G
where

C (Yt, T) =Cco + 1 (Yt — T)
I (Y, 1) =bo+b1Y: — 14

Taxes T and government spending G are exogenously given, and r; is set by the central bank. The
parameters co, c1, by, and by are all strictly positive with c; < 1, b <1, and ¢; + by < 1. The supply side
of the economy is characterized by the production function

Y = N;

where the total employment N; is given by N; = (1 — ;) L; and the labor force L; = L is fixed. From the
wage-setting relation and the price-setting relation, we can derive the Phillips curve

=71 — o (up —u")

where the natural level of output is given by Y = (1 — ") L and the natural rate of unemployment is
given by
n Mtz

o
« is a parameter, z is an exogenous catch-all variable that stands for all other factors that can potentially
affect the labor market equilibrium, and m is the exogenous markup. Assume that inflation expectations
are anchored 7§ = 7T

u



1. [5 Points] Solve for equilibrium output as a function of r;, G, and other exogenous variables /parameters.

Solution: In equilibrium

Yt :Zt
=co+c1 (Vi —T)+G+by+b1Yr—1¢

- - — T —
1—c1—b1(60+b0+c 1 rt)

2. [5 Points] Rewrite the Phillips curve relationship in terms of (Y; — Y”) instead of (u; — u"), where
Y" is the natural output. Calculate the natural output Y” in terms of the exogenous variables and
fixed parameters.

Solution: Use

Yi—Y'=w"—u)L
Replace in the Phillips Curve .
L

Finally, Y” = (1 — u") L. Replacing with u" = "=

o

v — (1_m+z>i
«

=+ =Yy —Y")




3. [6 Points] Draw the IS-LM and PC curves corresponding to a medium-run equilibrium in two
diagrams, and label the natural level of output Y” in each. Be sure to label your axes.

Solution:

Tt A




4. [5 Points] Suppose that this economy is initially at a medium-run equilibrium. During the pan-
demic, many people developed a strong preference for leisure and staying at home. This translated
into a lower supply of work for a given wage, which can be viewed as an increase in the catch-all
variable z to z’ = z + Az. Using the IS-LM-PC diagram, show graphically what happens to output
Y and inflation 7t in the short run.

Solution:

Tta




5. [10 Points] Assume that after the increase in z, the fiscal authorities decide to adjust government
spending to bring the economy to the new medium-run equilibrium. Calculate the required change
in government spending. Using the IS-LM-PC diagram, show graphically how this policy change
moves the economy to the new medium-run equilibrium. If, instead, policymakers decide to
change taxes to move the economy to the new medium-run equilibrium, calculate the required
change in taxes. Is the change in taxes needed to reach the new medium-run equilibrium smaller
than, larger than or equal to (in absolute value) the required change in government spending that
you just calculated? Why?

Solution:

Tta

The required change in output is

_ Az _
AY; = —Au'"L = —fL

Using the IS equation:
1
AY} = ——— (—a1AT + AG
' 1-— c1 — bl ( “ * )
Then the required change in government spending/taxes is
_A 1—c1—bi;:A
A(;:—(1—c1—b1)L7Z AT = -7 p0%

C1 4
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6. [10 Points] Now assume that fiscal policy does not respond to the increase in z, but that monetary
policy does. Calculate the required change in the real interest rate that would bring the economy to
the new medium-run equilibrium. Using the IS-LM-PC diagram, show graphically how this policy
change moves the economy to the new medium-run equilibrium.

Solution:

Tt a

Tt

UTHN

T p=———————

The required change in output is

AY = —au'l = — 221

o
Using the IS equation:
1
AYy = ———— A
! 1-— 1 — bl t
Then the required change in government spending is
- Az

Ai’t = (1—C1 —b1> L;



3 The Solow Growth Model [40 Points]

Consider the Solow growth model:
Yy = Ky (AN "

where the subscript t = 0,1,2, ... is the time index; Y; denotes output, K; denotes the amount of capital
being used in production, N; denotes the amount of labor and A; is a measure of technology. Assume
that capital depreciates at rate 6 € (0,1). Savings rate is constant and satisfies s € (0,1). Finally, assume
that Ny and A; grow at a constant rate 7 and g, respectively. That is,

Nip1 = (14+n) N;
Appr = (1+g) A
The relationship between investment and capital accumulation is given by
Kiyi =L+ (1-9)K;
where I; = sY; denotes investment. Assume that g =0andatt =0A; =1

1. [5 Points] Show that this production function has constant returns to scale and decreasing marginal
returns to capital and labor.

Solution: First we show the function has constant returns to scale
F (AKy, AAN) = (AK)® (AAN)' ™ = AKY (AiN;)' ™" = AF (K;, AiNy)
Now we show that the function has decreasing marginal returns
Fg = aK (AN)TY = Fxg=a(1—a)KF 2 (AN)T* <0

FN = (1 — DC)OCK;XA}_‘XNE( — FNN = —u (1 _ 06) Kf‘Al—DéNt)—tx—] < 0

2. [5 Points] Let k1 be the capital per worker. Derive the law of motion for k;. That is, express k11
as a function of k, s, n, 4, and «. (Hint: divide by N; on both sides, and use k;;1n ~ k¢n)

Solution:

KH—l :SYt + (1 — (S) Kt

Kzt\;;l =SYt + (1 — (5) kt
Kot 4 ) =y + (1= 0) ke
Nt
ki1 (1+n) =sy; + (1 —96) k;
ki1 ~syr+ (1 —06 —n)k;
kiiq ~ski +(1—06 —n)k;



3. [6 Points] Find the steady state level of k;, denote it k*. How does it depend on §? Provide an
economic intuition.

Solution: In a steady state

* *\ & s * * 5 e
kK*=s(k*)"+(1-0—-n)k" = k _<n—|—5>

It depends negatively on ¢: if capital depreciates at a faster rate then the level at which it will be
constant is lower.

4. [10 Points] Assume that at t = 0 the economy is in the steady state, i.e., kg = k* and that s < a.
However, at t = 2 the savings rate changes permanently to s = a. Describe the transition path
for capital per worker and consumption per worker. You don’t need to do any math here, you can
show the result graphically by sketching the time evolution of each variable.

Solution:

ke
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Now consider the case of ¢ > 0.

5. [5 Points] Find the steady state level of the capital stock per effective worker and output per worker.
Solution: The law of motion for capital per effective worker is

lActH:s(l%)avL(l—cS—n—g)lA(

1

Then in a steady state k* = ) o Output per worker is given by y; = A;jJ. Then in a steady

state j = (fc*)a If Ay = 1theny; = (1 +g)t (]AC*)LK

11



6. [10 Points] Assume that at t = 0 the economy is at the steady state with saving rate s < a. However,
at t = 2 the savings rate decreases permanently. Plot the evolution of output per effective worker,
consumption per effective worker, total output and consumption per worker.

Solution:

0 2

A 4

0 2
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