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Problem Set # 4
14.02 Spring 2011
Due March 11

March 4, 2011

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.

1.

2

"A high level of expected inflation tends to increase actual inflation". [5
points]

"The AS equation implies a negative relation between inflation and un-
employment, holding other factors constant". [5 points]

"Consider an economy on its medium run equilibrium. A temporary
increase in nominal money growth reduces unemployment on impact.
Then, unemployment steadily increases over time, monotonically converg-
ing back to its natural rate" [5 points]

. "An increase in the rate of growth of money supply will have no impact

on output growth in the medium run" [5 points]

. "According to the Phillips curve, a mark-up shock will affect inflation

inmediately and in the near future. The effects will vanish in the medium
run." [5 points]

. "Output growth makes the rate of unemployment decrease" [5 points]

Phillips curve [20 points]

Consider the framework of Chapter 7, with a wage setting relation given by

Wi = PF (1 - ow + 2)



where W is the nominal wage, P¢ is the expected price, u is the unemployment
rate, and z captures unemployment benefits. Consider the standard price setting
relation:

Pe= (14 p) W,

where p is the mark-up.
1. State the AS equation. [ 2 points]

2. Let 7y = P,/P,_y — 1, and 7§ = P£/P,_y — 1. Show, step by step, how
you can derive, from the AS relation, the following equation

™=y + (1 +2) — o (1)

State if you are using any approximation rules, and which assumptions
are required for these to work. [ 4 points]

3. Given expected inflation and unemployment, what is the effect of increas-
ing unemployment benefits in period t on the rate of inflation in period
t? Explain intuitively and in detail how the increase in z affects m;. [4
points]

4. Suppose that expectatations are formed according to
wy = 0mpq
Explain briefly in words what this equation means. [ 4 points]

5. Can a single value of € be used to account for the observed pattern of
unemployment and inflation in the US from 1950 to 20007 [ 3 points]

6. Show that you can eliminate p and z from equation (1) and express it as
Tt ~_~7Tf —a(u; _un) (2)

where u,, is the natural rate of unemployment. [3 points]

3 Inflation, Activity and Nominal Money Growth
[50 points]

Consider the following dynamic economy

w—w-1 = —B(g9ye—Jv)
Ty — M1 = —a(up —uy)
gyt = fGmt — Tt

Suppose the economy is in a medium run equilibrium. The normal rate of
output growth is gy = 2%. The central bank has fixed the rate of money growth
to be g = 4%. Assume o = 8 = 1/2.



. Suppose that in labor markets, firms charge a markup of 20% over average

cost (# = 0.20), and that the wage setting relation is W = P¢ (1 — u).
Find the natural rate of unemployment, u,. [3 points]

What is the rate of inflation in the medium run equilibrium? [3 points]

. Suppose that the economy is in its medium run equilibrium (u; = u,),

when the central bank decides to permanently increase the rate of growth
in the money supply to 5%. Compute the new medium run equilibrium
levels of unemployment, inflation, and output growth. [3 points]

. Denote by ¢ = 0 the last period in which the economy is in its medium

run equilibrium. Suppose that from ¢ = 1 on, the central bank keeps
gm = 5%. Compute the values of m¢, g; and s fort =0,t =1,t =2t =3
and t = 4. Display your results in table (columns are time periods, and
rows are variables) (13 points]

After 4 periods, has the rate of inflation reached its new medium run level?
[5 points]

Using a computer, compute the evolution of 7, ¢ and w,; for 50 periods
(assume that in the first 3 periods g,,, = 4%, and in the last 47 periods
gmt = 5%). You just need to report one graph for each variable. Is there
a period in time in which unemployment exceeds its natural rate? [12
points]

Suppose now that the increase in money growth is not permanent but only
lasts one period (i.e. assume that both in the first 3 periods and in the last
46 periods money growth is g,,, = 4%, while in period 4 it is gm: = 5%).
Report a graph (or three graphs) with the time evolution of 7, g, and u;.
How does the time evolution of u; compare with the one obtained in the
previous question? (describe briefly, 3 lines max) [11 points]
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29

4%

21% 19.983%
12% 1.97%
4% 2.03%
2.0254%

19.983%
1.97%
2.03%

30

4%

21% 19.976%
12% 1.99%
4% 2.01%
2.0135%

19.976%
1.99%
2.01%

31

4%

21% 19.975%
12% 2.00%
4% 2.00%
2.0012%

19.975%
2.00%
2.00%

32

4%

21% 19.980%
12% 2.01%
4% 1.99%
1.9911%

19.980%
2.01%
1.99%

33

4%

21% 15.987%
12% 2.02%
4% 1.98%
1.9848%

19.987%
2.02%
1.98%

34

4%

21% 19.996%
12% 2.02%
4% 1.98%
1.9829%

19.996%
2.02%
1.98%
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41

4%
20.001%
1.99%
2.01%
2.0080%

20.001%
1.99%
2.01%

42

4%

21% 19.998%
12% 1.99%
4% 2.01%
2.0068%

19.998%
1.99%
2.01%

43

4%

21% 19.995%
12% 2.00%
4% 2.00%
2.0045%

19.995%
2.00%
2.00%

44

4%

21% 19.994%
12% 2.00%
4% 2.00%
2.0017%

19.994%
2.00%
2.00%

45

4%

21% 19.995%
12% 2.00%
4% 2.00%
1.9992%

19.995%
2.00%
2.00%

46

4%

21% 15.996%
12% 2.00%
4% 2.00%
1.9973%

19.996%
2.00%
2.00%

47

4%

21% 19.998%
12% 2.00%
4% 2.00%
1.9963%

19.998%
2.00%
2.00%
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Problem Set # 4
14.02 Spring 2011
Due March 11

March 16, 2011

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.

1. "A high level of expected inflation tends to increase actual inflation". [5
points]

ANSWER. True. We can see this in the AS relation. If wage setters
expect P¢ to be high, they will demand a high wage, which will result in
a higher price level P.

2. "The AS equation implies a negative relation between inflation and un-
employment, holding other factors constant". [5 points]

ANSWER. True, see derivations in the textbook.

3. "Consider an economy on its medium run equilibrium. A temporary
increase in nominal money growth reduces unemployment on impact.
Then, unemployment steadily increases over time, monotonically converg-
ing back to its natural rate" [5 points]

ANSWER. False. See part 7 of question 2. While it is true that unem-
ployment decreases on impact, it is not true that it then converges "from
below" back to its natural level. As shown in the graph below, unemploy-
ment converges to its natural level by oscillating.

4. "An increase in the rate of growth of money supply will have no impact
on output growth in the medium run" [5 points]

ANSWER. True. In the medium run, output growth is equal to its normal
rate.



5. "According to the Phillips curve, a mark-up shock will affect inflation
inmediately and in the near future. The effects will vanish in the medium
run." [5 points]

ANSWER. True. As can be seen in equation 8.6 of the textbook, a shock

to p in period ¢ increases current inflation (), which in turn increases

inflation at ¢ 4+ 1 (@;+1), but by less. As time goes by, the effects vanish.
6. "Output growth makes the rate of unemployment decrease" [5 points]

ANSWER. FALSE. Output growth has to be bigger than the normal
growth rate (for example, 3% in the US) for unemployment to go down.
This is because of growth in the size of the labor force, and labor produc-
tivity growth.

2 Phillips curve [20 points]
Consider the framework of Chapter 7, with a wage setting relation given by
Wy =P (1—ouy + 2)

where W is the nominal wage, P° is the expected price, u is the unemployment
rate, and z captures unemployment benefits. Consider the standard price setting
relation:

Po=(1+p) W,
where p is the mark-up.

1. State the AS equation. [ 2 points]
ANSWER. As always,

Po=P (14 p)(1 - au + 2)

2. Let ¢ = B,/P,—; — 1, and n§f = Pf/P,_; — 1. Show, step by step, how
you can derive, from the AS relation, the following equation

me=7 + (n+2) — aw (1)

State if you are using any approximation rules, and which assumptions
are required for these to work. [ 4 points]

ANSWER. See appendix of Chapter 8 in the texbook. Yes, we are using
the approximation rules
I+z)(l+y)=1+z+y

1+z
1+y

which require that x and y are small numbers.

=1l+z—1y



. Given expected inflation and unemployment, what is the effect of increas-
ing unemployment benefits in period t on the rate of inflation in period
t? Explain intuitively and in detail how the increase in z affects m;. [4
points]

ANSWER. An increase in unemployment benefits z leads to an inmediate
increase in inflation. The intuition is that more generous unemployment
benefits make the prospects of unemployment less distressing, thus in-
creasing the bargaining power of workers. This increases wages at a given
unemployment rate. In turn, this increases production costs, so price set-
ters translate this to an increase in the price level. Given the price level of
the previous period, P;_;, this results in an increase in the inflation rate.

. Suppose that expectatations are formed according to
ng = 9‘.‘1’1,_.1

Explain briefly in words what this equation means. [ 4 points]

ANSWER. This equation says that when inflation is positive in one period,
workers and firms expect inflation to be positive in the next period as well.
This means that people realize that inflation is persistent.

. Can a single value of 6 be used to account for the observed pattern of
unemployment and inflation in the US from 1950 to 20007 [ 3 points]

ANSWER. No. Before the 60s, a value of # = 0 could do a good job in
fitting the data on unemployment and inflation. To account for the data
after 1970 or so, we need a positive (close to 1) value of . See 166-169 in
the textbook for more details.

. Show that you can eliminate 1 and z from equation (1) and express it as
m =7, — (U — un) (2)

where u,, is the natural rate of unemployment. [3 points]
ANSWER. See page 171 in the textbook.

Inflation, Activity and Nominal Money Growth
[50 points]

Consider the following dynamic economy

w—w_y = —B(gy:—gy)
T= -1 = —a(u —up)
gyt = Gmt — Tt

Suppose the economy is in a medium run equilibrium. The normal rate of

output growth is gy = 2%. The central bank has fixed the rate of money growth
to be gm: = 4%. Assume a = 5 = 1/2.



1. Suppose that in labor markets, firms charge a markup of 20% over average
cost (i = 0.20), and that the wage setting relation is W = P¢(1 —u).
Find the natural rate of unemployment, u,. [3 points]

ANSWER.

1
1=120(1 - n) = un = 1 — > = 16.67%
[Note: There is a small inconsistency in the set-up of this question. In
part 1, we are given a wage setting relation of the form W = P¢ (1 — u)).
But Phillips curve given in the set-up is consistent with W = P¢ (1 — au).
Thus, we will also take as correct the following answer:

1 1
1=1.20 (1 - Eun) — iy =2(1 - ﬁ) =2+ 16.67 = 33.34%

For the remainder of the question, we will take u,, = 16.67% to be the
natural rate of unemployment. If you use u, = 33.34% instead, you will
get different numbers but your answers should be qualitatively similar to
the ones reported below.]

2. What is the rate of inflation in the medium run equilibrium? [3 points]
ANSWER. The AD equation tells us

2% =4% — =
so that m = 2%.

3. Suppose that the economy is in its medium run equilibrium (u; = u,),
when the central bank decides to permanently increase the rate of growth
in the money supply to 5%. Compute the new medium run equilibrium
levels of unemployment, inflation, and output growth. [3 points]

ANSWER. Clearly u,, and gy are independent of g,,. The new rate of
inflation in the MR is such that

2% =5%—1Tt
so that m = 3%.

4. Denote by t = 0 the last period in which the economy is in its medium
run equilibrium. Suppose that from ¢ = 1 on, the central bank keeps
gm = 5%. Compute the values of 74, gy and u; fort =0, =1,t =2t =3
and t = 4. Display your results in table (columns are time periods, and
rows are variables) [13 points]

ANSWER. We can substitute gy;, and express the system as

+2 2 +2_ +1

U = —Up_ =Tp—1 — =g = —u

t 5t1 5:1 5Jmi 59Y 5on
1

Ty = Tt-1— 5 ('Ut = Un)



or

4 2 1
U = gut,_l + g'ﬂ't_]_ —1.2% + gun
1
T = T—1— 5 (Ut —un)

2
Given u;_1, m;—1 these two equations determine u;, .
For ¢ = 1 note that uy = u,, and 7y = 2%.Thus

Il

2
uy 16.67% — 1.2% + =2% = 16.27%

1
M= 2% -5 (16.27% — 16.67%) = 2.2%

And gy; = 5% —2.2% = 2.8%. For t = 2,

2 1
Uy = % *16.27% — 1.2% + 5 *2.2% + 3 * 16.67% = 16.03%
w = 22%-— % (16.03% — 16.67%) = 2.52%

SO: gya2 = 5% -— 2.52% =2 48%

For t=3, we have

Uz

i;. % 16.03% — 1.2% + g *2.52% + % *16.67% = 15.966%
Ty = 2.52%— % (15.966% — 16.67%) = 2.872%

so gys = 5% — 2.912% = 2. 088%
For t=4:

;i £ 15.966% — 1.2% + g +2.872% + % « 16.67% = 16.056%

Uy

Ty = 2.872% — % (16.056% — 16.67%) = 3.179%

: 80 gyq = 5% — 3.179% = 1.821%

Summarizing the results in one table:

| =0 =1 [t=2 [I=3 t=4 |

Imt 4% 5% 5% 5% 5%

e 2% 2.2% 2.52% 2.872% | 3.179%
gyt || 2% 2.8% 2.68% 2.088% 1.821%
Ut 16.67% | 16.27% | 16.03% | 15.966% | 16.05%

. After 4 periods, has the rate of inflation reached its new medium run level?
[6 points]

ANSWER. No, it is still oscillating.



6. Using a computer, compute the evolution of 7, g; and w; for 50 periods
(assume that in the first 3 periods g,,, = 4%, and in the last 47 periods
gmt = 5%). You just need to report one graph for each variable. Is there
a period in time in which unemployment exceeds its natural rate? [12
points]

ANSWER. To do this question, just plug this system of difference equa-
tions into MATLAB

Q,B'U.n oF ﬁ.@y = ﬁgmt

u = t—1 + M1 +

i
1+ap 1+af 1+ af
T = w1 — o (up — up)
The evolution of the variables is:
Money Growth Unemgloyment rato
0.055 017, '[\
0.05 D.Iﬁv W_
0.045 0.18
0.04 0.155
1] 20 40 60 /] 20 40 60
Inflation rate Output growth rate
0.04 0.03
0.035
/\ 0025
0.03 \/‘v\_‘ J
0.025 / o8 /\ A
0.02 i 0.015 v
1] 20 40 &0 ] 20 40 60

After the initial period of lower unemployment, there is a period in which
unemployment is higher than its natural rate.

7. Suppose now that the increase in money growth is not permanent but only
lasts one period (i.e. assume that both in the first 3 periods and in the last
46 periods money growth is g,,, = 4%, while in period 4 it is gm¢ = 5%).
Report a graph (or three graphs) with the time evolution of 7y, g¢ and ;.
How does the time evolution of u; compare with the one obtained in the
previous question? (describe briefly, 3 lines max) [11 points]



ANSWER.

Money Growth Unemployment rate
0.055 0.17
0.05 \/\,———w
0.165 ‘\
0.045 |
0.04 0.16
0 20 40 60 o 20 40 60
Infation rate Output growth rate
0.024 0.03
0.022 j\ 0.025
002 \/’{‘ o — 0.02 ,f\/—.___
0.018 0.015
0 20 40 60 0 20 40 60

We see that the transitory increase in money growth generates a qualita-
tively similar pattern on u; but the effects are milder and go away faster.
This can be better seen in the following graph which shows the evolution
of u; both under the transitory and the permanent shock

Evolution of Unemployment

- Temporary Shock
—— Permanent Shock




Problem Set # 4
14.02 Spring 2011
Due March 11

March 3, 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. "A high level of expected inflation tends to increase actual inflation". [5
points]
ANSWER. True. We can see this in the AS relation. If wage setters

expect P® to be high, they will demand a high wage, which will result in
a higher price level P.

2. "The AS equation implies a negative relation between inflation and un-
employment, holding other factors constant". [5 points]

ANSWER. True, see derivations in the textbook.

3. "Consider an economy on its medium run equilibrium. A temporary in-
crease in nominal money growth reduces unemployment on impact. Then,
unemployment steadily increases over time, and converges back to its nat-
ural rate" [5 points]

ANSWER. False. See part 7 of question 2. While it is true that unem-
ployment decreases on impact, it is not true that it then converges "from
below" back to its natural level. As shown in the graph below, unemploy-
ment converges to its natural level by oscillating.

4. "An increase in the rate of growth of money supply will have no impact
on output growth in the medium run" [5 points]

ANSWER. True. In the medium run, output growth is equal to its normal
rate.



5. "According to the Phillips curve, a mark-up shock will affect current and
future levels of inflation" [5 points]

ANSWER. True. As can be seen in equation 8.6 of the textbook, a shock

to p in period ¢ increases current inflation (), which in turn increases

inflation at £+ 1 (m441). Thus, the shock propagates to all future periods.
6. "Output growth makes the rate of unemployment decrease" [5 points]

ANSWER. FALSE. Output growth has to be bigger than the normal
growth rate (for example, 3% in the US) for unemployment to go down.
This is because of growth in the size of the labor force, and labor produc-
tivity growth.

2 Inflation, Activity and Nominal Money Growth
[60 points]

Consider the following dynamic economy

w—u1 = —P(gv:—Fv)
T — Tp—1 = — (ut _un)
gyt = Gmt — Tt

Suppose the economy is in a medium run equilibrium. The normal rate of
output growth is gy = 2%. The central bank has fixed the rate of money growth
to be gm: = 4%. Assume oo = = 1/2.

1. Suppose that in labor markets, firms charge a markup of 20% over average
cost (= 0.20), and that the wage setting relation is W = P¢ (1 — u).
Find the natural rate of unemployment, u,. [5 points]

ANSWER.

1
1=1201—up) 2 up=1- 13 = 16.67%
2. What is the rate of inflation in the medium run equilibrium? [5 points]

ANSWER. The AD equation tells us
2% =4% -7

so that 7 = 2%.

3. Suppose that the economy is in its medium run equilibrium (uy = u,),
when the central bank decides to permanently increase the rate of growth
in the money supply to 5%. Compute the new medium run equilibrium
levels of unemployment, inflation, and output growth. [5 points]



ANSWER. Clearly u,, and gy are independent of g,,. The new rate of
inflation in the MR is such that

2% = 5% — m¢
so that 7 = 3%.

. Denote by t = 0 the last period in which the economy is in its medium
run equilibrium. Suppose that from ¢ = 1 on, the central bank keeps
gm = 5%. Compute the values of my, g; and u; fort =0, =1,t =2,t =3
and ¢ = 4. Display your results in table (columns are time periods, and
rows are variables) [15 points]

ANSWER. We can substitute gy, and express the system as

U = Zu +27r == +2— +lu
gl = 5t~1 5:ﬁ1 Sth 59Y 5 Un
T o= T —l(u —Up)
t = t—1 g \ut n
or
4 2 1
= —U_ —mi_1 — 1.2% 4+ —u,
Uy 5Ut 1+57TL 1 0+5U
1
T = Wt—1—§(ut"un)

Given wu;—1, m¢—1 these two equations determine w;, .

For t = 1 note that uy = u,, and 7y = 2%.Thus
2
w, = 16.67% — 1.2% + 52% = 16.27%
1
™= 2% 5 (16.27% - 16.67%) = 2.2%

And gy, = 5% — 2.2% = 2.8%. Fort = 2,

4 2 1

wp = £ *16.27% — 1.2%+ - * 22% + ¢ * 16.67% = 16.03%
1

m = 22%- 3 (16.03% — 16.67%) = 2.52%

So: gy = 5% — 2.52% = 2.48%

For t=3, we have
4 2 1
ug = g +16.03% — 1.2% + v *2.52% + v * 16.67% = 15.966%
w3 = 2.52% — % (15.966% — 16.67%) = 2.872%

so gys = 5% — 2.912% = 2.088%



For t=4:

Ug

T4

: 50 gya = 5% — 3.179% = 1.821%

1
2.872% — 5 (16.056% — 16.67%) = 3.179%

Summarizing the results in one table:

% *15.966% — 1.2% + % *2.872% + % * 16.67% = 16.056%

=00 R e v == |
Ime || 4% 5% 5% 5% 5%
m || 2% 2.2% [ 252% |[2.872% | 3.179%
gyve || 2% 2.8% [ 2.68% |2.088% |1.821%
uy || 16.67% | 16.27% | 16.03% | 15.966% | 16.05%

. After 4 periods, has the rate of inflation reached its new medium run level?

[5 points]

ANSWER. No, it is still oscillating.

. Using a computer, compute the evolution of 7, g, and u, for 50 periods
(assume that in the first 3 periods g,,, = 4%, and in the last 47 periods
gmt = 5%). You just need to report one graph for each variable. Is there
a period in time in which unemployment exceeds its natural rate? [13

points]

ANSWER. To do this question, just plug this system of difference equa-
tions into MATLAB

Uy =

Ty =

Q’,B'U-n + Bg}’ e ﬁgmt

1 +a,6u£—-1 +

The evolution of the variables is:

M1 — e (W — Up)

-1 +
o

1+af

Money Growth Unemployment rate
0.055 0.17
e
0.05 0.165 {
, /
0.045 J 0.16 j
0.04 0.155
0 20 40 0 20 40 60
Infation rale Output growth rate
0.04 0.03
0.035 l
0.025
0.03 —
Gl Mesoce
0.025 f
0.02 ! 0.015 J
[ 20 40 0 20 40

4



After the initial period of lower unemployment, there is a period in which
unemployment is higher than its natural rate.

. Suppose now that the increase in money growth is not permanent but only
lasts one period (i.e. assume that both in the first 3 periods and.in the last
46 periods money growth is g,,, = 4%, while in period 4 it is g = 5%).
Report a graph (or three graphs) with the time evolution of 7, g; and u;.
How does the time evolution of u; compare with the one obtained in the
previous question? (describe briefly, 3 lines max) [12 points]

ANSWER.

Money Growth Unemployment rale
0.055 0.17
0.05 P
| o]
0.045 jl {
0.04 l] 0.16
o 20 30 60 [ 20 40 60
Inflation rate Output growth rate
0.024 0.03
0.022 0.025
H
0.02 /\\_r\_—ﬁ 0.02 —E /\\/\_—_
/
\/ V

0.018 0.015
0 60 0

We see that the transitory increase in money growth generates a qualita-
tively similar pattern on u, but the effects are milder and go away faster.
This can be better seen in the following graph which shows the evolution
of u; both under the transitory and the permanent shock

Ewolution of Unemployment
0.172

= Temporary Shock
Permanent Shock
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