Economics 202b; Fall 2000; Final Exam Answers

1. Monetary Policy: Suppose that the level of real output in a discrete-time model of the
economy is given by the IS equation:
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wherey isthe log difference between actual output and potential output, r isthe rea
interest rate, b and | are parameters, and eis an independent and identically distributed
shock to the IS curve. Suppose further that the economy has adaptive expectations of
inflation, so that the rate of inflation is given by the Phillips curve equation:
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where p istheinflation rate, a is a parameter, and h is an independent and identically
distributed shock to the Phillips curve. Suppose further that the central bank chooses the
interest rate according to arule:
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in order to minimize the objective function:
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where gis a parameter that governs the central bank’s relative aversion to output
variability.

This problem istaken directly from Laurence Ball (1999), " Efficient Rulesfor
Monetary Policy" International Finance, 2:1, pp. 63-83, on the reading list for the
last full week in October, covered in lecture on October 26 and in section on
October 27.

a. Solvefor p,, thisyear'sinflation rate, as a function of inflation and output two years
ago and of the e and h shocks since.

Part aisstraightfoward. Begin by substituting equation (1) for y, ; in
equation (2), and substitute (2) for p,, in (2) aswell:
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Then substitute (3), therule that the central bank followsin setting the
interest rater, into the equation above:
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And regroup:
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b. Suppose that g=0. What do g and f need to be in order to minimize the central bank’s
objective function?

If y=0, then the objective function is simply to minimize the expected value of
inflation squared. Since at time t-2 we don’t know what the futur e values of 1
or ¢ will be, we can writep, as:
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where

Et-Z(‘Tct) = (1' O‘Bq))nt- 2 +O‘(1+7\ - Be)yt-Z
{n,*+ n., + ae,,} cannot be affected by gover nment policy: they do not depend
on either the value of 6 or the value of ¢ in the government’s monetary policy
rule. But E,,(p,) can be and is affected by the government’spolicy rule. As
Ball points out, the way to minimize the variability of inflation about zerois
to do everything you can to neutralize and offset all the factors affecting
inflation that you know about: set your interest rate policy to make expected
inflation equal to zero.

If

¢ = L and 0 = i+h
af
then the coefficients on past output and past inflation in the answer to (a) are
both zero:
E.,(n)=0

That meansthat:
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Inflation depends only on shocksthat happen after timet-2—thusit depends
on thingsthat government policy cannot compensate for. And that isthe best
you can do to minimize inflation.

c. Supposethat g=1. What do q and f need to be in order to minimize the central bank’s
objective function?

The central bank caresonly about minimizing the output gap squared. The
output gap isequal to:
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Substitutein the central bank’s policy rule:
Yo = (7" - ﬁe)yt—l_ Bom, | +e,

If we set:

A
¢=0 and 6 =—
p

Then y, depends only on shocksthat we cannot know and counter as of t-1,
and that isthe best we can do to minimize the squar e of the output gap.

d. What can you say about the values of g and f if gis between zero and one?

We can say that the values of ¢ and 6 are somewherein between the values
for the two extreme cases. We can say that the central bank reactsmore
strongly to movementsin the output gap than when it is concer ned only with
minimizing output variance, and less strongly to movementsin the output
gap than when it is concer ned only with inflation variance. We can say that
the central bank should not react at all toinflation if it does not care about
inflation—Dbut it should react to output aswell asto inflation even if it does
not car e about output.

e. Explain—in about one page in your exam book—why Alan Greenspan or some other
senior official at acentral bank should find the above mathematical exercise very
interesting. What conclusions about monetary policy can be drawn from it?

Thismodel showsthat in a ssmple adaptive-expectations Phillips curve
context a monetary policy of “leaning against the wind” —raising inter est
rates when either output rises above potential output or inflation rises, and
lowering them when either falls—can be an effective stabilization policy. The
amount of leaning that should be done depends on the parameters of the
economy—the mor e per sistent ar e fluctuations in the output gap (the higher
is)\), the stronger should bethe central bank’sreaction to movementsin
output. The more powerful areinterest rates at affecting output (the higher
isp), thesmaller should bethe central bank’s changesin interest rates. The
larger isthe effect of an output gap on inflation (thelarger isa), the smaller
should bethe central bank’sreaction to inflation. In addition, the central
bank should move more aggressively in response to shiftsin either output or
inflation the stronger isitsfocuson stabilizing inflation.



2. Fiscal Policy: Suppose that there is a continuous-time small open economy populated
by identical agents, each of whom has a constant probability of death per unit time of p.

While each person is alive he or she works, and is paid at a normalized after tax wage
rate of 1-T. Everyone expects the tax rate to be constant, and the same in the future asin
the past.

Agents are free to borrow and lend at the same market equilibrium interest rater that is
the yield on capital. Because the economy is asmall open economy, the interest rater is
fixed and unchanging. Moreover, when agents borrow and lend, they insure against
death. For each unit of their wealth, they purchase a particular anti-life-insurance policy
from an insurance company—a policy called atontine. The insurance company pays the
individual p per unit of time per unit of wealth asthe individual is alive, and in exchange
receivestitleto their wealth at the individual’ s death. (Thisis an actuarially fair policy).

Thusif they lend one unit of principal, they receive interest at arate r per unit of time
from the borrower and tontines at arate p per period of time from the insurance company
(and their loan is transferred to the insurance company upon death). If they borrow, they
pay interest at arate r per unit of time to the lender, and also pay an insurance premium at
arate p per unit of time to the insurance company that commits to cover their debt should
they die before repayment.

Individuals maximize alogarithmic utility function. An individua born at time slooking
forward as of time t maximizes:
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Where ¢ is the consumption at timet of an agent born at time s, where q isthe time
discount parameter, and where the extra factor €V arises from the fact that some
members of your cohort will die between now and the future. That people born when you
were born will have a certain consumption level at sometimet far in the future will be of
no interest to you if you die before timet arrives.

This problem comes from a Journal of Political Economy article by Olivier
Blanchard, “ Debt, Deficits, and Finite Horizons.” Itspoint isto show exactly
how the possibility that one might not be around to pay taxesin the future but
oneisdefinitely around to consumein the present breaks Ricardian equivalence.



a. What isthe intertemporal Euler equation for consumption of an agent born at time s
and dtill alive at time t? What is dc/dt?

If you postpone a small amount of consumption Ac for a small amount of
time At, you will be able to consume mor e (because you will have been
earning interest at rater+p on your savings), but time preference meansthat
you discount that higher consumption at arate 6 and therisk of death means
that you discount that higher consumption at an additional rate p. Because
you have log utility, the marginal utility of each extra unit of consumption at
t and at t+At isinversely proportional to thelevel of consumption at those
dates.

Thus equating (private) marginal rates of substitution to marginal utilities of

consumption:
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Taking logs:
- (r+p)Dt=- (p+6)Dt- (In(cuoy) - In(c;))
Dividing by At:
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And then taking limits as At goesto zero...
d
(r+p) = (p+0)+ —In(c)

Rearrangeas.

That isthe growth rate of consumption.

If at timet an agent born at time s has non-human weal th—property—of amount w,*, the
dynamic budget constraint that he or she facesis:

S
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which merely states that property income plus labor income minus consumption equals
the change in (non-human) wealth.



b. From the Euler equation and the budget constraint, either derive or argue heuristically
that the economically-sensible consumption function of such an agent is:
¢ =(0+pw; +h)
Where:
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is the human wealth—the appropriatel y-discounted future labor income—of an agent
alive at timet, and w,® is the agent’ s non-human wealth.

T
r+p

Heuristically, whenever you have log utility the optimal consumption path is
to at every moment consume a share of your total wealth equal to your rate
of time discount. Sincetherate of return on your total wealth (human and
non-human) isr+p and your rate of time discount is 6+p, that meansthat if
you consume a proportional rate 6+p out of your total wealth then your total
wealth and total consumption will be growing at rate r-6—which iswhat the
Euler equation requires. This consumption rule also satisfies the budget
constraint, because it means neither that you have negative total wealth at
the end of time, nor doesyour wealth at the end of time have any positive
present value today...

Now aggregate up. From here on work with economy-wide totals of consumption C,
income Y, and wealth W rather than individual amounts. Assume that at every instant a
large cohort, normalized to be of size (or measure) p is born. The size of a cohort born at
time zero still alive at timet is thus equal to pe™. And the size of the whole population at
any timetis:
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Thus the total population alive is unchanging and is equal to one, and the total level of
incomeY in the economy is equal to one aswell.

c. What is aggregate consumption C in this economy as a function of total economy-
wide wealth W?



Since consumption isthe same fraction of wealth for every individual, smply
add up total wealth for everyonein the economy, multiply by the propensity
to consume 6+p, and you have the economy’s consumption function:
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wherethelast term substitutesin the value of human wealth as defined
above.

d. What isdW/dt as afunction of total economy-wide wealth W, and the parameters r,
p, and g? (Be careful! Consider that the component p x w of each individual’s income
IS not an addition to aggregate wealth, but only atransfer from those who die to those
who remain alive.)

The agentsin the economy have two sour ces of income: thereturnson their
non-human wealth W (remember! The p-term isatransfer!) equal torWw,
and their after tax other income (1-T). The change in wealth will bethe
differ ence between income and consumption:
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Substituting in the consumption function, we see that total wealth evolves
according to:
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With 6+p greater than r, wealth convergesto a steady-state value of:
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And consumption conver gesto a steady-state value of:
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e. What happensto the level of consumption in this economy if the government
conducts afiscal policy—that is, transfers atotal amount of wealth G in the form of



bonds to the currently-alive, and increases taxes by rG in order to pay the interest on
these bonds?

Non-human wealth W rises by G, the amount of bondstransferred. Human
wealth fallsby G(r/(r+p))—theincreased taxesrG are discounted at the same
rater+p aswage income, the p emerging because you think that thereisa
chance you won’t be around to pay the taxes. Consumption immediately rises

by (6 + p)G(p/(r+p)).

If wecall thenew wealth W' =W + G, and thenewtaxrateT' =T +rG, then
our same law of motion for wealth holds;
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But if wewant toretain our old definitions—W for wealth not including
government bonds, and T being the old tax rate—then the law of motion for

wealth is:
dw _ (r-0)1-T-rG)o
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Thetransfer leadsto afall in thelong-run steady-state value of other wealth.

f.  What does this model tell us about the debate over Ricardian equivalence? (No more
than one page, please!)

It showsjust one of the many waysto break Ricardian equivalence: in this
case, that mortality—the fact that one may not be around to pay the taxes
needed to finance thetransfer that enriches one now—meansthat the timing
of taxes and transfers does have an effect on consumption.



3. Exchange Rate Crises. Suppose that the demand for money balancesin a small open
economy is given by:
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where misthe (log) money stock, eisthe (log) exchange rate, and h is a parameter.
Suppose that the government does not have power to print banknotes: it must work
through the central bank, which conducts open-market operations—sales of bonds for
banknotes, or purchases of bonds for banknotes—and foreign-exchange
interventions—sales of domestic bonds for foreign bonds, or purchases of domestic
bonds for foreign bonds. For simplicity’ s sake, suppose that the interest the central bank
earns on its bond holdings is just sufficient to cover the costs of running the central bank.

This problem comes from one of the problem setsfor Ken Rogoff’s under graduate
inter national macr oeconomics course at Harvard.

a. Explain why, with thisinstitutional setup for the central bank, before any speculative
attack the money stock is equal to:
M =B +EFR
where B isthe central bank’s net holdings of domestic bonds, E* isthe (fixed) level
of the exchange rate, and F is the central bank’s net holdings of foreign exchange
reserves.

The only way that money can be created or reduced in this economy is
through open market operations—thus dM/dt must equal dB/dt, where
“om” meansthe change through open market operations. The only way that
the central bank can lose or gain foreign exchange reservesis by buying or
selling them for bonds. Hence dF/dt must equal -(1/e*)dB,/dt, where* fe’
means the change through foreign exchange interventions. I f these two
conditions hold always, then the central bank balance sheet isas above...

b. Suppose that the central bank keeps the log exchange rate fixed at . What path must
the money stock follow in order to maintain this exchange rate target?

With afixed exchange rate the money stock must be constant and equal to
E*, thelevel of the fixed exchangeratetarget.



c. Suppose that government fiscal policy is such asto require that the central bank
increase its holdings of domestic bonds at a proportional rate g as long as it maintains
its fixed exchange rate. What is the time path of the central bank’ s holdings of foreign
exchange reserves as long as the fixed exchange rate target is maintained?

We know that the central bank must keep the money stock constant if it isto
keep the exchangerate fixed. It must also add to its stock of domestic bonds
at aproportional rate 6, which implies exponential growth aslong asthe
fixed exchangerate system lasts. Thesetwo imply that:
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Aslong asthe central bank starts out with positive holdings of domestic
bonds, foreign exchange reserveswill decline. And eventually they will
declinefar enough to trigger a speculative attack.

When a speculative attack takes place the government responds by selling its foreign-
currency reserves for domestic bonds, and then turning around and selling the excess
domestic bonds for cash in order to keep it on its domestic debt accumulation path. Thus
a speculative attack does not cause a discontinuous change in B, but it does cause a
discontinuous changein M.

Suppose that after a speculative attack government fiscal policy also changes—so that
after the shock of the attack central bank holdings of domestic bonds grow not at a
proportional rate g but at some alternative rate f . And suppose that everyonein this
economy has perfect foresight.

d. Supposef=q and both are greater than zero. Will this economy suffer a speculative
attack on its exchange rate? If so, when?

Yes, it will. The speculative attack when it takes place will reduce the money
stock by the current amount of foreign exchangereserves. Thusif you define
the shadow exchangerate e°to be:

e =h +n¢ =b, +6t +n¢



Then the speculative attack will occur the moment that this shadow exchange
rate equals e*. It cannot happen any earlier—the people trading domestic for
foreign bonds will then suffer a capital loss on their foreign bond holdings,
becauseif it happensearlier the exchangerate will suddenly and
discontinuously appreciate. That can’t happen in a perfect-foresight model.

It cannot happen any later—if it happens any later everyone holding
domestic bonds suffers a capital loss, and that cannot happen in a perfect
foresight model.

e. Suppose g isgreater than zero, but that f =0. Will this economy suffer a speculative
attack on its exchange rate? Why or why not? What happens after the central bank’s
foreign exchange reserves are exhausted?

It won't really be an attack: because the post-* attack” inflation rateiszero,
the post-“ attack” log exchangerate will be constant at €. Thus money
demand will not be affected. Foreign exchange r eserves will smoothly decline
to zero. And at that point fiscal policy will change...

f.  Suppose =0, but that f is greater than zero. Can this economy suffer a speculative
attack? If so, under what circumstances can it suffer a speculative attack? Will it
suffer one?

Yes, it can suffer a speculative attack. If:

R=M,- Exe"
then a speculative attack can (but does not haveto) occur at any moment.
Thechangein fiscal policy validatesthe attack whatever moment it occurs,
even though having the attack never occur isa perfectly fine perfect-
foresight equilibrium too.

If:

FO < MO - E* e‘ﬂ‘b
then the speculative attack should have occurred already, and will occur at
time zero (with capital losses for those holding domestic assets).

If:
Fo > Mo - E* e-n¢



g. Suppose that you are in charge of writing a memo for a non-economist who has just
become head of your country’s central bank and wants to know what he or she should
do to guard against a speculative attack on the currency. How does your analysis
above inform what you write? What do you say? (One page only, please!)

This problem shows the lessons of first and second generation models of
currency crisis. A central bank trying to maintain a fixed exchange rate
when therest of the gover nment isrunning an unsustainable and per manent
inflationary deficit cannot do so indefinitely. That isthelesson of part d. The
lesson of part eisthat the end of one'sforeign exchange reserves need not
imply devaluation and depreciation thereafter: if policy shapesup, you can
maintain the e* level of thelog exchangerate even without any foreign
exchangereservesat all.

Thelesson of part f isexactly thereverse: even if your current policiesare
sustainable, a belief that after a speculative attack policieswill be
inflationary may trigger a speculative attack—and the changein policy that
ex post validatesthe attack. It does not havetotrigger one. But it may. To
maintain a fixed exchangerate, you may need to convince markets not only
that current policies are sustainable, but that the gover nment’s preferences
will not shift and become mor e inflationary after a successful speculative
attack. You may not: lots of reserves—a value of F, high enough—can
substitute for alack of credibility.



