Problem Set # 2
14.02 Spring 2011
Due Feb 25

Feb 11

1 True/False [30 points]

Please state whether each of the following claims are True or False, and provide
a brief justication for your answer. You may include graphs and equations to
support your answer.

2

. "The demand for money can decrease if the price of bonds falls" [6 points]

. "In the IS-LM model, monetary policy can be an effective instrument to

increase the level of output in the short run" [6 points]

. "In an economy in which banks are not allowed to make loans (i.e. they

are used only for security reasons), total money supply equals the amount
of central bank money" [6 points]

. "Consider a given increase in taxes (fiscal contraction). Both the model

of the goods market studied in chapter 3, and the IS-LM model studied
in chapter 5 predict the same effect (quantitative) on output." [6 points]

. "Taking as given the level of nominal income, an increase in the money

supply will result in a decrease in the interest rate" [6 points]
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Financial Markets [20 points]

Suppose that people hold a fixed proportion of their money in currency - denote
this proportion by ¢, and assume ¢ = 1/4. Suppose also that banks are required
to hold 20% of their deposits in reserves (# = 1/5). The supply of money (M)
in this economy is 2,000 billion dollars.

1. Calculate the amount of currency (CU), reserves (R) and deposits (D) in

this economy. [5 points]



2. What is the demand for central bank money (denote by H¢)? [5 points]

3. Suppose that the demand for money is given by M? = 200/i (in billion
dollars). Find the equilibrium interest rate. [ 5 points]

4. Suppose the Fed creates 100 billion of central bank money. What is the
total increase in the money supply? What is the new interest rate? [5
points]

3 IS-LM [ 50 points]

Consider the following IS-LM model

C = c+als
I ig + 1Y —igi
MeIP = d|Y —dyi

where Yy is disposable income (Y3 =Y — T'). Note that output and the interest
rate are non-negative variables.

1. Find the combinations of ¥ and 4 that keep the goods market in equilib-
rium. Express Y as a function of i. This is the IS. [10 points]

2. What assumption on the parameters of this model is required to have an
equilibrium in the goods market? (Hint: you also need this assumption to
have a multiplier larger than unity) [4 points]

3. For a given interest rate, how much would output change in response to a
1 dollar increase in Government spending (G)? [ 4 points]

4. For a given interest rate, how much would output change in response to
a 1 dollar decrease in Taxes (T)? Why is this different from part 37 [ 3

points]
A "r\-': 4";. T ‘ i i
5. The statement of the problem gives us a demand for real money balances. &~ J¢#1daq=  /c Ao ]
What condition, not stated in the problem set up, do we need in order to v

find the equilibrium in financial markets? Find the combinations of ¥ and
¢ that keep financial markets in equilibrium. This is the LM. [7 points]

6. Use the IS and LM to find the equilibrium levels of output (call it Y*)
and the interest rate (call it ¢*). You can assume that the parameters are
such that Y* > 0 and ¢* > 0. [8 points]

7. Show a sketch of the IS and LM curves on the usual (Y,i) space. Show
the effect of an increase in taxes on the IS and LM lines. What happens
to equilibrium output and the interest rate? [7 points]



8. Using your answer to point 6, what is the effect of a 1 dollar increase in
Government spending (G) on the equilibrium level of output (Y*)? How
does this number compare to your answer to part 37 Try to provide some
intuition. [7 points]
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Solutions to Problem Set # 2
14.02 Spring 2011
Due Feb 25

Feb 11

1 True/False [30 points]

Please state whether each of the following claims are True or False, and provide
a brief justication for your answer. You may include graphs and eguations to
support your answer.

1. "The demand for money can decrease if the price of bonds falls" [6 points]

ANSWER. TRUE. A decrease in the price of bonds makes money rela-
tively less attractive.

2. "In the IS-LM model, when the interest rate is greater than zero, monetary
policy can be an effective instrument to increase the level of output in the
short run" [6 points]

ANSWER. TRUE. When the interest rate is positive (i.e. we are not in
a liquidity trap), an increase in money supply shifts the LM curve down,
thus increasing the level of output.

3. "In an economy in which banks are not allowed to make loans (i.e. they
are used only for security reasons), total money supply equals the amount
of central bank money" [6 points]

ANSWER. TRUE. In this case (¢ = 1), the money multiplier is 1, so that
H=M.

4. "Consider a given increase in taxes (a fiscal contraction). Both the model
of the goods market studied in chapter 3, and the IS-LM model studied
in chapter 5 predict the same quantitative effect on output." [6 points]

ANSWER. FALSE. While it is true that qualitatively both models predict
a decrease in output, the statemente is nevertheless false. This is because
quantitatevily the IS-LM model predicts a smaller decrease in output (as
long as the LM curve is upward slopping). In the standard model of the



2

goods market studied in chapter 3, the interest rate is fixed. When we
allow the interest to adjust (in chapter 5), output will fall by less.

. "Taking as given the level of nominal income, an increase in the money

supply will result in a decrease in the interest rate" [6 points]|

ANSWER. FALSE. This claim is not true in the case of the liquidity trap.
If the initial interest rate is zero, and people already hold enough money
for transactions, then an increase in money supply will have no effect on
the interest rate.

Financial Markets [20 points]

Suppose that people hold a fixed proportion of their money in currency - denote
this proportion by ¢, and assume ¢ = 1/4. Suppose also that banks are required
to hold 20% of their deposits in reserves (¢ = 1/5). The supply of money (M)
in this economy is 2,000 billion dollars.

1. Calculate the amount of currency (CU), reserves (R) and deposits (D) in

this economy. [5 points]
ANSWER.

cU eM = 500
D = (1-¢)M = 1500
R = 6D =300

. What is the demand for central bank money (denote by H%)? [5 points]

ANSWER.

CU*R
= 800

Hd

. Suppose that the demand for money is given by M¢ = 200/¢ (in billion

dollars). Find the equilibrium interest rate. [ 5 points]
ANSWER.

MY = M
200/ 2000
i = 01=10%

. Suppose the Fed creates 100 billion of central bank money. What is the

total increase in the money supply? What is the new interest rate? [5
points]



ANSWER. As shown in the book, money supply is
1
——H
c+8(1-c¢)

so that the increase will be 75— % 100 = 250 billion (the multiplier

is 2.5). The new money supply is 2250 billion, and thus the interest rate
will be

200/i = 2250
i = 200/2250 = 8.88%

3 IS-LM [ 50 points]
Consider the following IS-LM model

G = CQ+C1Yd
I = ig+i1Y —igi
M?*/P = diY —dyi

where Y} is disposable income (Y3 =Y —T'). Note that output and the interest
rate are non-negative variables.

1. Find the combinations of ¥ and 7 that keep the goods market in equilib-
rium. Express Y as a function of i. This is the IS. [10 points]

ANSWER.
Y = C+I1+G
h CQ+CI(Y—T)+3-U+’I‘1Y—'£2T:+G
1
— ———_[CO—C]_T-}-?:()—?:Q'L'-*-G]
I—Cl—?.l

2. What assumption on the parameters of this model is required to have an
equilibrium in the goods market? (Hint: you also need this assumption to
have a multiplier larger than unity) [4 points]

ANSWER.
e+ <1

3. For a given interest rate, how much would output change in response to a
1 dollar increase in Government spending (G)? [ 4 points]
ANSWER. Output would increase by
1
1-— C1 — i]_



4. For a given interest rate, how much would output change in response to
a 1 dollar decrease in Taxes (T)? Why is this different from part 37 [ 3
points]

ANSWER. Output would increase by

1
1—61—?:1

This is lower than in part 3 because consumers will save a fraction 1 — ¢;
of the tax cut rather than spend it.

5. The statement of the problem gives us a demand for real money balances.
‘What condition, not stated in the problem set up, do we need in order to
find the equilibrium in financial markets? Find the combinations of Y and
i that keep financial markets in equilibrium. This is the LM. [7 points]

ANSWER. We need the supply of money: M*® = M. Combining supply
and demand we find the LM to be

d\Y —dyi =
M ds.

¥ = d
T

Ll
P
3
d
6. Use the IS and LM to find the equilibrium levels of output (call it ¥™*)

and the interest rate (call it i*). You can assume that the parameters are
such that Y* > 0 and ¢* > 0. [8 points]

ANSWER.
1M dp, 1 . i
Gt e T Ty et et O
do 19 . 1 . 1 M
[a"‘m]% = m[co*—qT-}-%O‘FG]—a?
: 1 1 1M
R : — 4 e et
i) :—i%-{--ltsf_—il-{l—cl—?:l [C() C1 +30+G] d} P}
1 M 1 1 1 M
Y* = —— - S I CAEE I | et
d1P+1+£1._.“_{1—c1—i1[00 Chi s

(fg ].—C] —1:1

7. Show a sketch of the IS and LM curves on the usual (Y,i) space. Show
the effect of an increase in taxes on the IS and LM lines. What happens
to equilibrium output and the interest rate? [7 points]

ANSWER. The IS curves shifts in, so both output and the interest rate



go down.

LM

Y*

Yo*

8. Using your answer to point 6, what is the effect of a 1 dollar increase in
Government spending (G) on the equilibrium level of output (Y*)? How
does this number compare to your answer to part 3?7 Try to provide some

intuition. [7 points]

ANSWER. The new "multiplier" is

1 1
5 i AT
Lepigl o= ol Sy =ity
which is smaller than the multiplier found in part 3, as ———— < 1.

1+ZI% 1*';1*'1

‘We should think of the multiplier in part 3 as a "partial equilibrium" mul-
tiplier, that gives us the effect of a dollar increase in G when the interest
rate is not able to adjust. However, in "general equilibrium" the interest
rate will tend to increase when the IS shifts outwards. If the interest rate
did not increase, the money market would not be in equilibrium (money
demand goes up as income increases, but money supply is fixed). The
interest rate needs to increase. This is why output increases by less than

in part 3.



Multipliers in the IS-LM model

dy —cy

ﬁ: (1—Cy—Iy)+Ii-YL—L£
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1 Diamond-Mortensen-Pissarides

e We start with flows in page 115 of the textbook. We simplify by assuming
no one is out of the labor force (or that we only study transitions between
employed and unemployed, even if other flows also matter).

e We will think of everything happening within a year, but we could have
assumed any time interval.

e Define the following variables:

u = unemployment rate
v = vacancies

h = hires

s

= separation rate

e Vacancies are simply available jobs that have not been filled yet. Note
that the labor market described by the model in the textbook does include
vacancies as a variable.

e Hires are the number of vacancies filled this year and the separation rate
is the number of workers who lose their jobs this year.

e The key variable will be "market tightness", defined as v/u. When markets
are "tight" (i.e. v/u is high), there are a lot of vacancies and not many
unemployed.

e The key assumption that we are going to make is that it is difficult to
match workers with job. By “difficult” we mean that matching is time
consuming and/or is costly. We model that process using a matching
function. We assume the following form:

h = my/uv,

where m is a parameter that controls the quality of the matching (the
higher m, the more hires, h). The matching function captures the intuitive
idea that if there are more vacancies or more unemployed people, there
will be a higher number of hires in the economy. A great advantage of the
matching function is to identify that the macroeconomic variables = and
v are the main variables that determine h, without having to explicitly
figure out how each individual job is being filled and what each individual
person does to find a job.

e The matching function has "constant returns to scale" (which has em-
pirical support), meaning that when both vacancies and unemployment
double, the number of hires also doubles.



e The separation rate s indicates the number of workers who lose jobs per
year. We will assume that this separation rate is exogenous (that is, given).
So we carefully model how many jobs are created through the matching
function, but we have nothing to say about how many jobs are destroyed
or why.

e Now we analize the two sides of the market, first unemployment dynamics
and then vacancies dynamics (by “dynamics” we mean “evolution over
time”) . From now on, we normalize the total size of the labor force to 1

(how would the analysis below change if the labor force were L instead of
17).

1. Unemployment dynamics are given by:
Uty — U = S(l — ’U,t) = ht.

The left-hand side, ;47 —uy, is the change in the unemployment rate from
last year to this year. When the change in unemployment is zero, we say
that unemployment is at its steady state (it is no longer changing over
time)

In steady state u;49 —u; =0, and so
hss = 3(1 _ uss),

where we use the superscript ss to denote that variables have reached their
steady state. Plugging in the matching function gives a relation between
the unemployment rate u and vacancies v:

myvussuss = s(1 — u®).

We call this relationship the Beveridge curve after William Beveridge
(1879-1963). It is downward sloping if we plot it in a graph where the
x-axis is u and the y-axis is v (we call this "uv space"). See figure.

2. Vacancies dynamics:
Ut 1
Upp1 —Vp = — — —
o i
where z is a variable that shifts the underlying demand for labor (more
on this below).

In steady state, v¢4; — v = 0 and

,USS — mué’s

which traces a ray from the origin in "uv space". See figure.

Let’s focus now on the steady-state only, forgetting about "dynamics".
What determines z7 We can assume that the unemployment wage (e.g.
value of leisure + unemployment benefits — in page 120 of the textbook



it is called the reservation wage) is exogenously given by b and that each
firm produces an exogenously given level of output y. Then the wage w
is determined by the relative bargaining power 3 of workers and firms
(see page 121 of the book for a discussion on bargaining) and the market
tightness

w=pb+(1—-B)y+ .
u

If 8 = 0, workers appropriate all output. If § = 1, employers get all
the surplus. Now think intuitively, why does market tightness affect the
wage? If there are a lot of unemployed people and not too many vacancies
available, what should happen to the wage?

‘We can use our understanding of how the wage is determined to define the
factors that shift the demand for labor (why does the demand for labor
depend on the wage?)

z=w-pb+(1-5)y
to get v** = zu®.
Now we're ready to do some experiments. For example,
when z T thenw | and v T

Another interesting thing to look at is h/u, which is the exit rate from
unemployment or, equivalently, u/h which is the average duration of un-
employment (why is that?). In this case, when = T we have u/h |

Other interesting exercises: what happens with better matching technology
(m goes up), smaller separation rates (s goes down), higher productivity
(y goes up) or a change in bargaining power (e.g. unionization, and 3 goes
down, or union dismemberment, think Wisconsin 2011, and 8 goes up)?

We can also see what has happend in the US in the recent past. Look at
the second figure. This figure plots the observed combination of u and v
for each month in the US since 1959 and then conects them by lines. We
note three things:

1. Movements along the downward sloping Beveridge curve seem to
dominate year-to-year (exercise: what determines movements along
this curve?)

2. Outward shifts dominate decade-to-decade (exercise: what creates
these shifts?)

3. And lastly, note how remarkable the changes have been in the cri-
sis. Can you use the model to identify which variables could have
produced the observed pattern?
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From nominal to real GDP and the
Chain Index

You can compute the change in real GDP from year ¢ to year ¢t + 1
in two alternative ways

Yivi  BYin

Y, INg

or

Yiri _ PV
Y, FiY:

the two ways of computing it are obviously identical.

But now let there be two goods in the economy, Y; and Y2. Then the
two ways of computing the change in real GDP from year ¢ to year t +1
are no longer identical:

(Ytﬂ)’ _ (P1,LY1,¢+1 + P2,3Y2,t+1)

Y P Y+ PoyYo,

(Ytﬂ)” _ (P1,z+1Y1,a+1 + P2,a+1Y2,s+1)
Pi1Yii+ Pog1Yoy

if you divide thorugh(y‘“) by Pii/Ps; and( ‘“) by Pi +1/Ps 441 you

can verify that the two ways of computing the change in real GDP from
year t to year t + 1 are equal only if Py ,/Pso; = Py 11/Ps44+1. Since the
relative price of goods changes over time, this condition will in general
not be satisfied. Thus the two expressions will give you two different



changes in real GDP. The chain index addresses the problem by simply
defining the change in GDP as the weighted average of the two

Yur)', (Yen )’
Y, Y,

Finally it is customary to compute the change in real GDP using an

g(01/00) = -9

index that is (aribitrarily) set to be equal to 100 in a "base" year, say
the year 2000:

chain indexgge = 100

chain indezs00; = 100 * g(o1/00)
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Problem Set # 3
14.02 Spring 2011
Due March 4

February 25, 2011

1 True/False [40 points]

Please state whether each of the following claims are True or False, and provide
a brief justication for your answer. You may include graphs and equations to
support your answer.

.

2.

3.

4.

d.

6.

T

8.

"An economy with a low rate of separations will have a low rate of unem-
ployment". [5 points]

"In recessions, the reservation wage of the workers tends to decrease". [5
points|

"Expectations matter in the AS-AD model because wages are set before
the price level is known". [5 points]

"It is not possible to have an increase in the rate of unemployment when
the number of employed people is going up." [5 points]

"A tax on firing workers can result in less hiring." [5 points]

'In the AS-AD model, when output is above its natural level, wage setters
revise their expectations downwards so that output decreases continously

towards its natural level" [5 points] Lo pot %4 7L
] (U ;. (A f

"In the medium run, a decrease in public spending affects the AD curve,
and leaves the AS curve unchanged" [5 points]

"According to the empirical evidence, the Beveridge curve holds at any
time frequency." [5 points]



2 AS-AD [30 points]

Consider an economy with a labor force of size L. Let IV denote the employment
level. The production function is

Y=N
The price and wage setting relations are:

P = (1+pwW
W = P(l+z-u)

where u denotes the unemployment rate, z denotes "other" unemployment ben-
efits, and the rest of the variables are as in class. The consumption and invest-
ment functions are

C = c+al¥-T)
Foalpar e

Finally, money demand is given by

Md
? =m0+m1Y—m2i

1. Derive the AS relation. Show your derivations clearly. [7 points]
2. Why is the AS curve upward sloping? Provide your intuition [3 points]

3. Find the natural level of output (Y;,). Draw the AS relation in the (Y, P)
space. What is the value of price level when ¥ = ¥,,? Locate this point
in the graph. [7 points]

4. Derive the AS relation (solve for Y as a function of P and parameters). [7

points] \' A O(|

5. Suppose that the economy is in its medium run equilibrium (3=
P = P®). Suppose that taxes T are increased. In the short run, what
happens to equilibrium price and output? What happens to the expecta-
tions of wage setters as time goes by? Explain how is the new medium
run equilibrium, and in particular, what happens to the interest rate [6
points]

3 Labor market dynamics [ 30 points]

This question explores the dynamics of labor market flows - that is, the flows into
and out of the pools of employed and unemployed people. We have seen in class a
model designed to address these issues, but we have focused on the long run (we
studied the steady state). In this question we focus on the economy’s transition



10.

11.

workers. As a result, the rate of job separation increases (assume that the
rate of job finding remains constant). What will happen to the unemploy-
ment rate in the long run? Describe (in words, one line will suffice) what
will happen to the unemployment rate in the transition to the new steady
state. [3 points]

Assume, again, the economy has reached its original steady state (i.e.,
the one derived in point 4). Suppose that there is a change in labor
market regulations which decreases the costs of hiring workers. As a result,
the rate of job finding increases (assume that the rate of job separation
remains constant). What will happen to the unemployment rate in the
long run? Describe (in words, one line will suffice) what will happen to the
unemployment rate in the transition to the new steady state. [3 points]

Assume, again, the economy has reached its original steady state (i.e., the
one derived in point 4). Suppose that there is a demographic change that
increases the size of the labor force in this economy (assume that the rates
of job separation and job finding remain constant). What will happen to
the level of unemployment in the long run? What will happen to the rate
of unemployment in the long run? Describe (in words, briefly) what will
happen (in the short-run) to both the level of unemployment and the rate
of unemployment after the demographic change. [3 points]



to this steady state. To simplify the analysis, we abstract from the dynamics for
vacancies, and concentrate exclusively on the dynamics of unemployment (and
employment).

Let L be the labor force in the economy. Agents can be employed or unem-
ployed. Time is discrete and denoted by subscript ¢. Let E; and U, denote total
employment and unemployment at time t, respectively. Assume that the labor
force is constant, and equal to L in every period. Suppose that the evolution of
U; and E; is given by

AU, =U; — U = sEyq — fUr (1)

Assume the economy starts with Uy > 0, and Ey > 0. Assume also that
s>0,f>0and s+ f < 1.

1. What do the parameters s and f represent? [2 points]
2. Explain in words the logic behind equation (1). [2 points]
3. Find an equation for AE, in terms of U;—; and E;_;. [2 points]

@Find a steady state for this economy. That is, find the level of unemploy-
ment (U*) and employment (E*) such that once the economy reaches these
levels it stays there forever. [Hint: take (1) and the equation obtained in
part 3, and impose AE, = AU; = 0] [3 points]

5. Use equation (1) to find an expression for U; as a function of U;_; and
parameters. [2 points]

f@/. Now we will fully characterize transitional dynamics in this model. Use the
equation derived in point 4 to obtain an expression for U; as a function of
parameters and time ¢ only. To do this you need to substitute recursively
the expression derived in point 5. [Hint: (i) the first step of this procedure
consists of evaluating the expression obtained in part 5 for both £ = 1 and
t = 2; then substitute the expression obtained for U; into the expression
obtained for Us ; this way you obtain an expression for Us as a function of
Up; the idea is to repeat this procedure ¢ times to obtain an expression for

U, (ii) note that for 7 € (0,1) we have that "7, 7 = 1=""" | [5 points]

1—7

QX Check that your result from part 6 is consistent with your result from part

~ 4. That is, take the limit as £ — oo on the expression you got in part 6

and verify that U, converges to the steady state level found in point 4. [2
points]

8. In point 7 you have shown that the economy will converge in the long run
steady state (U*, E*). Show that if Uy < U* then U, > U,_,, while if
Up > U* then U; < U,_;. (3 points]

9. Assume the economy has reached the steady state. Suppose that there is
a change in labor market regulations which decreases the costs of firing
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Problem Set # 3
14.02 Spring 2011
Due March 4

February 23, 2011

1 True/False [40 points]

Please state whether each of the following claims are True or False, and provide
a brief justication for your answer. You may include graphs and equations to
support your answer.

1. "An economy with a low rate of separations will have a low rate of unem-
ployment". [8 points]
ANSWER. FALSE. The separations rate tells us about the flows into
the pool of unemployed. But there are other flows into this pool (the
people who is out of the labor force and then decides to start working but
cannot find a job), and there are flows out of this pool, namely the rate
of hires. The unemployment rate will be afected by all of these forces, so
the statement is false.

2. "In recessions, the reservation wage of the workers tends to decrease". 8
points]
ANSWER. TRUE. In recessions, firms tend to hire less and fire more
workers. This tends to increase the unemployment rate, and make the
prospect of being unemployed worse (the probability of findind a job is
lower). This decreases the reservation wage (so that agents tend to accept
lower wages).

3. "Expectations matter in the AS-AD model because wages are set before
the price level is known". [8 points]

ANSWER. TRUE. See textbook.

4. "It is not possible to have an increase in the rate of unemployment when
the number of employed people is going up." [8 points]



2

ANSWER. FALSE. The unemployment rate is

U 1

AL Tl e LB

so as long as the number of unemployed people (U) goes up by a higher
percentage than the number of employed people (E), the unemployment
rate (u) will indeed go up.

. "A tax to firing workers can result in less hiring." [8 points]

ANSWER. TRUE. Firms will be less willing to hire new workers, when
the cost of firing is higher.

. "In the AS-AD model, when output is above its natural level, wage setters

revise their expectations downwards so that output decreases continously
towards its natural level" [8 points]

ANSWER. FALSE. When Y > Y, , actual price exceeds expected price,
P > P¢. Thus, wage setters will revise their expectations upwards. The
rest of the statement is correct.

. "In the medium run, a decrease in public spending affects the AD curve,

and leaves the AS curve unchanged" [8 points|

ANSWER. FALSE. It affects both curves. In the short run, it only affects
the AD. But then P® adjusts, which shifts AS until ¥ = Y, again the
medium run.

. "According to the empirical evidence, the Beveridge curve holds at any

time frecuency." [8 points]

ANSWER. FALSE. As the class notes show, the relation between the
vacancy rate and the unemployment rate is only negative when one looks
at the yearly frequency.

AS-AD [30 points]

Consider an economy with a labor force of size L. Let N denote the employment
level. The production function is

Y=N

The price and wage setting relations are:

P (1+p)W
W = P(l+z-u)



where u denotes the unemployment rate, z denotes "other" unemployment ben-
efits, and the rest of the variables are as in class. The consumption and invest-
ment functions are

C = Cg+Cl(Y—T)
I = bY —byi

Finally, money demand is given by
M
— =mgp+m1Y —moi
1. Derive the AS relation. Show your derivations clearly. [7 points]
ANSWER. Price and wage setting imply

P=(1+p) P°Q+z—u)

Then, we need the definition of the unemployment rate, and the fact that
the labor force is L =N + U:

g s =W g N
N - 5

L L

Putting everything together, and noting that ¥ = N
P =(1+p)P° (z+ %)

2. Why is the AS curve upward sloping? Provide your intuition [3 points]

ANSWER. A higher Y requires a higher level of employment, which
implies a lower unemployment rate. This increases worker’s bargaining
power, which in turn increases the wage. Thus, firms set a higher price.

3. Find the natural level of output (Y5). Draw the AS relation in the (Y, P)
space. What is the value of price level when ¥ = Y,,? Locate this point
in the graph. [7 points]

ANSWER. When P = P



A3

5

Yu ) &

Clearly, when Y =Y, the price level is P = P°.

. Derive the AS relation (solve for Y as a function of P and parameters). [7
points]

ANSWER. Lets first derive the IS curve
Y=cg+a(Y-T)+0hY -0i+G

or
1

=1—'Cl—b1

Y [co—arT — bri + G]

NO“’, the LM curve

We need to eliminate 7 from this system of two equations, to obtain a
relation between Y and P.

{00 il M
my Mg mg P
Plugging this into the IS
1 ™mo my 1 M
Y=——— -l -h|—+—Y-—=|+G
1—61—51 [CO - l(mg+m2 mo P
: bh M
Y=;[Co—clT—blﬂ—blﬁY-i-—l—-l-G]
l1—c—b mo Mo mo P
1 1 mog by M
= - -bh—+——=+G
1+ b ﬂll—cl—bl [Cg ClT 1m2+m‘2 P +=

1—(.'1 —b] maz



5. Suppose that the economy is in its medium run equilibrium (Y = Y,
P = P¢). Suppose that taxes T are increased. In the short run, what
happens to equilibrium price and output? What happens to the expecta-
tions of wage setters as time goes by? Explain how is the new medium
run equilibrium, and in particular, what happens to the interest rate [6
points|
ANSWER. From the expression above, the AD shifts to the left. Thus,
both output and the price level decrease in the short run. As time goes by,
wage setters revise their expectations downwards, which makes the AS
to shift downwards. This continues until a new medium run equilibrium
is reached when Y =Y,,, and P = P® is lower than the original P = P¢.

3 Labor market dynamics | 30 points]

This question explores the dynamics of labor market flows - that is, the flows into
and out of the pools of employed and unemployed people. We have seen in class a
model designed to address these issues, but we have focused on the long run (we
studied the steady state). In this question we focus on the economy’s transition
to this steady state. To simplify the analysis, we abstract from the dynamics for
vacancies, and concentrate exclusively on the dynamics of unemployment (and
employment).

Let L be the labor force in the economy. Agents can be employed or unem-
ployed. Time is discrete and denoted by subscript ¢. Let £, and U; denote total
employment and unemployment at time t, respectively. Assume that the labor
force is constant, and equal to L in every period. Suppose that the evolution of
U; and E, is given by

AUy =U; = Uy = 8By — fU— (1)

Assume the economy starts with Up > 0, and Ey > 0. Assume also that
s>0,f>0and s+ f < 1.

1. What do the parameters s and f represent? [2 points]
ANSWER. s is the separations rate, and f is the hiring rate.
2. Explain in words the logic behind equation (1). [2 points]

ANSWER. The level of unemployment at time t consist of those people
who were unemployed at t-1 (U;_;), plus those who lost their jobs (sE;_1),
minus those who found a job (fU,_;).

3. Find an equation for AFE; in terms of U;_; and E;_;. [2 points]
ANSWER. Since E; + U, = L we have that

AE, +AU; =0
AFE; = fU — sE, 4



4. Find a steady state for this economy. That is, find the level of unemploy-
ment (U*) and employment (E*) such that once the economy reaches these
levels it stays there forever. [Hint: take (1) and the equation obtained in
part 3, and impose AE; = AU, = 0] [5 points]

ANSWER. Let E and U denote steady state levels. Plugging U = U; =
Ui_1 in equation (1)

= sE-fU
= s(L-U)-fU
sL = (s+f)U*
2 R & a rd l
L = s+f 1+ f/s
B~ s LI TR (N
FET g _S+f_s+f_%+l

5. Use equation (1) to find an expression for U; as a function of U;_; and
parameters. [4 points]

ANSWER. Use equation (1) together with the fact that £, + Uy = L

U = U1 +sE1— fU
Ui—1 +s(L—Ui—1) — fU1
= SL+Ut_1(1—'S—f)

6. Now we will fully characterize transitional dynamics in this model. Use the
equation derived in point 4 to obtain an expression for U, as a function of
parameters and time ¢t only. To do this you need to substitute recursively
the expression derived in point 5. [Hint: (i) the first step of this procedure
consists of evaluating the expression obtained in part 5 for both ¢t = 1 and
t = 2; then substitute the expression obtained for U; into the expression
obtained for Us ; this way you obtain an expression for Us as a function of
Uy; the idea is to repeat this procedure ¢ times to obtain an expression for

U, (ii) note that for r € (0,1) we have that } . 7" = 1‘1'"_":1 ] [5 points]




ANSWER. Let a=1—s— f. Then

Ut = sL+ CLUt_l
Ul = sL -+ (IU[)
Us = sL+alU; =sL+a(sL+ alp)

sL(1+ a) + a®U,
Us = sL+sL(a+a?)+a®Up
= sL(1+a+a®) +dUy

t—1
U, = sL (Zat) + atly
i=0

b otat
U = SL(]i_a)-{-atUo
- s ¢ s
Ut = l_aL'i-ﬂ. (U{) l—aL) (2)
D ol oy g s gy gy it L) (3)
T s+ f 0" s+ F

7. Check that your result from part 6 is consistent with your result from part
4. That is, take the limit as £ — co on the expression you got in part 6
and verify that U, converges to the steady state level found in point 4. [4
points]

ANSWER. Note that lim;_eo (1—s— f)! =0since 0 <1—s— f < 1.

S

lim U, = L+ lim (1-s—f) (Uo— %L)

t—oo s + f t—oo

= %L = U” from point 6.

8. In point 7 you have shown that the economy will converge in the long run
steady state (U*, E*). Show that if Uy < U* then U, > U;_;, while if
Uy > U* then Uy < Ui—. [5 points]

ANSWER. Use equation (2) to get

S
Ut = Ut—l = (a = l)at_l (U[) = = aL)

By assumption, we know (a —1) < 0. Hence Up — ==L < 0 implies
Uy — Up—1 > 0. This corresponds to convergence "from below".

9. Assume the economy has reached the steady state. Suppose that there is
a change in labor market regulations which decreases the costs of firing
workers. As a result, the rate of job separation increases (assume that the



10.

11.

rate of job finding remains constant). What will happen to the unemploy-
ment rate in the long run? Describe (in words, one line will suffice) what
will happen to the unemployment rate in the transition to the new steady
state. [5 points]

ANSWER. The economy will converge to a new and higher steady state.
That is, unemployment will start to increase immediately, and continue
to increase until it "converges" to the new steady state.

Assume, again, the economy has reached its original steady state (i.e.,
the one derived in point 4). Suppose that there is a change in labor
market regulations which decreases the costs of hiring workers. As a result,
the rate of job finding increases (assume that the rate of job separation
remains constant). What will happen to the unemployment rate in the
long run? Describe (in words, one line will suffice) what will happen to the
unemployment rate in the transition to the new steady state. [5 points]

ANSWER. The economy will converge to a new and lower steady state.
That is, unemployment will start to decrease immediately, and continue
to decrease until it "converges" to the new, lower steady state.

Assume, again, the economy has reached its original steady state (i.e., the
one derived in point 4). Suppose that there is a demographic change that
increases the size of the labor force in this economy (assume that the rates
of job separation and job finding remain constant). What will happen to
the level of unemployment in the long run? What will happen to the rate
of unemployment in the long run? Describe (in words, briefly) what will
happen (in the short-run) to both the level of unemployment and the rate
of unemployment after the demographic change. [5 points]

ANSWER. The level of unemployment in the long run (U*) will be higher
(we have seen it is linear in L) . The unemployment rate, however, will
remain constant in the long run. Dynamics: the level of unemployment
(Ug) increases every period until the new, higher steady state. The rate
of unemployment (U;/L) decreases at the moment of the shock, and then
starts to increase every period, converging to the previous steady state.
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