Economics 435 Menzie D. Chinn
Fall 2021 Social Sciences 7418
University of Wisconsin-Madison

Midterm Exam 1 Answers

You have 65 minutes to complete this 60 minute exam. All your answers go in the bluebook. Be
sure to “box in” your algebraic or numerical answers. Show your work (so that partial credit can
be granted if the final answer is incorrect).

1. [10 minutes] Consider the Aggregate Demand-Aggregate Supply framework. Assume oil
prices suddenly increase in period 1, and then stay permanently higher. You can assume that the
economy starts at both short run and long run equilibrium.

1.1 (4 minutes) Show what happens in AD-AS graph in the period the shock occurs; assume
expected inflation is zero to begin with.

Start at full employment, to simplify the exposition. The price shock in period 1 shifts in the
predetermined price line/short run AS curve (black arrow), raising the price level to Ps. Income
falls from Yo to Yi.
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1.2 (6 minutes) Reproduce your answer to Question 1.1. Using that graph, suppose in period 1,
the government responds to the price shock by increasing spending so as to restore output to
initial levels. Further assume:

T{ =Ty
Show what happens in periods 1, 2.

Start at full employment, to simplify the exposition. The price shock in period 1 shifts in the
predetermined price line/short run AS curve (black arrow) up to Ps. Income would fall from Yo
to Y1. The government can increase spending shifting out the AD curve (gray arrow), so that
output remains at Yo. The price level rises from Poto P1resulting in inflation = (P1-Po)/Po. In
period 2, the market looks at inflation in period 1, so that the predetermined price line/short run
aggregate supply curve shifts up to P2 (white arrow). In the absence of further government
action in period 2, output falls to Yo.
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2. [25 minutes] Suppose the IS curve is given by:

Y=< 1 )[Ao—bzi]
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And the LM curve is given by the following (because money demand also depends on wealth):
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Where m is the money multiplier (the ratio of money stock to money base, which is assumed to
be a constant), and 0 <;j <1.

2.1 (8 minutes) Solve for the equilibrium interest rate.

Substitute the IS into the LM curve:
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2.2 (7 minutes) Calculate the change in the interest rate is for a change in government spending.
Assume the budget is initially in balance. Show your work.

Take the total differential to your solution to 2.1:
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The constant in the money demand equation p doesn’t change; for a pure fiscal policy,
money base doesn’t change either. The change in autonomous spending is due solely
to the change in government spending on goods and services. Hence, one gets:

Ai= (h(1(:1§14)r b2> [j A (g)] * (h(l — cll) n bz) AGO

If one is starting from initial budget balance, then an increase in government spending
(with the marginal tax rate set to zero) is accompanied by an increase of real bonds of

equal amount, viz: AGO = A (g), leading to:
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Or simplifying:

Ai=<(1—cl)j+1
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2.3 (5 minutes) If one increases the money base, does the interest rate fall or rise, form > 1? If
possible, show your work.

Return to the total differential obtained in 2.2:
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The constant in the money demand equation p doesn’t change; for a pure monetary
policy, government spending and the stock of bonds don’t change either. Hence, one

gets:
Ar= <h(1(i :511 b2> [_mA (g) tJA (g)]




Or simplifying:
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2.4 (5 minutes) Show, either graphically or algebraically what is the impact of increasing
government spending (starting from initial budget balance) on the interest rate if the Fed targets
the interest rate.

To show this graphically, consider the 1S-LM diagram:
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When the Fed targets the interest rate, and the target interest rate remains constant, then the
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LM is flat; the increase in GDP is equal to yAGO where y = )

1-cq 1—C1+b72.
To see this algebraically, note the solution for equilibrium income in this model is
obtained by substituting the given LM into the given IS curve, and solving for Y:
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Taking the total differential, and starting from initial budget balance (as in 2.1), one
obtains:

AY =9 [AGO - %jAGO] = (1 - 2haco

Where the change in government spending equals the change in real debt. Note that
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when the Fed targets the interest rate, this is the same as h=«. Then y = () = —

3. [15 minutes] Suppose one is examining the term structure of a 7 year bond, and a 5 year bond, and the
expectations hypothesis of the term structure holds.
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3.1 (7 minutes) Solve for the average of 1 year interest rates in starting in year 5, and starting in year 6,
i.e., solve for the average value of if,,s and if;,.?

Take the expression for the 7 year bond, multiply by 7:

7 X7 = (g + g1 + ieq2 + ifees + ifega + iTees +iTt16)

Notice the first five terms in the parentheses equals 5 times the 5 year bond:
7 X i7e = (5 X st + i{t4s + ifrs6)

7 X i7; =5 XI5 = (i{t4s + ifree)

7Xize=5Xigse _ (ife4s5+ifrse)
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3.2. (3 minutes) Suppose the values are:,

i7t =0.10

is; = 0.08
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Calculate the average value of# -and-#, 517,45 and iT; ¢ .
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3.3. (5 minutes) Assume the 3 year bond yield is given by:
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And going from one day to the next day the yield to maturity on the 7 year bond has increased by Ai7;.
Can one say whether the increase is due to change in expected future rates, or due to a change in the risk
premium? Why or why not?
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So without further information, the change in the 7 year yield could be due to changes
in expected future short rates, or a change in the risk premium associated with the 7
year bond.

4. [10 minutes] Suppose the stock price is given by:
p, = Dtt1 EtPryq
t ™ q4jequity | qyjequity

Where (9% the nominal interest rate investors require in order to hold equities.

4.1 (4 minutes) Derive the current stock price as a function of stock prices at time t+3.

Recursively substitute in for P. Note that the price in t+1 is given by:

Dt+2 + Et+lf)t+2 (I)

_1+rf+rp l+rf +rp

t+1




Substituting into (2) yields:

— Dt+1 + Et(E Dt+2) + Et(Et+1Pt+2)
! l+rf+rp (I+rf+rp)A+rf+rp) (A+rf+rp)1+rf +rp)

t+1

(ii)

Note that by the “Law of Iterated Expectations”, viz.,
Et (Et+1 (Zt+2 )) = EtZt+2
Equation (2) becomes:

Dt+1 EtDt+2 EtPt+2 (III)

p= + 7T 2
l+rf+rp (1+7f +rp) (I+7f +rp)

Repeating, yields:

Dt+1 EtDl‘+2 EtDl‘+3 Et])t+3

b= + Tl 7T 3
l+rf+rp (I+rf+1p) (A+rf+rp) (A+rf+rp)

4.2 (6 minutes) Consider the following graph of the S&P 500, the 3 month Treasury rate, and the VIX, a
measure of perceived risk in the stock market. Can you explain why the S&P500 behaved the way it did
in March 2020 onward? Specifically, why the drop, and then why the acceleration in the growth rate of
the stock index? Explain in the context of your answer to problem 4.1.

The answer to problem 4.1 is:

D
l: 1+1 + . 3+ ;
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The risk premium (rp) rises with the VIX in March 2020, driving down P. After the VIX falls in
May 2020 onward, prices rise. But the risk free interest rate (rf) has fallen from March 2020
onward, so P rises from that reason as well.
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