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1. We are considering a variant of Lucas tree model , where there are two types of trees:
apple trees, which will be indexed by “a”; and banana trees, which will be indexed
by “b”. Consumers are indifferent between consuming a unit of apple fruit or a unit
of banana fruit; preferences are defined over total consumption, ¢;. The dividend
processes for the two trees follow

dy = c/l\t+5?,
& = c/l;—i-é?,

where d; follows a time-invariant Markov process. The idiosyncratic shocks ¢ and &’
share the same zero-mean i.i.d. distribution, but are mutually independent of each
other and dt at all leads and lags. The economy starts off with half of the households
owning one apple tree apiece, and the other half owning one banana tree. In addition,
initial dividends are equivalent: d? = d3.

(a) Let ¢® (c®) denote the consumption of the representative agent initially endowed
with an apple (banana) tree. Given equal weights, the social planner’s problem
can be written as
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Assuming interiority, it immediately follows that the optimal allocation is

1
c?:c?:dtzg[df—i—dﬂ.

This allocation can be achieved by letting each consumer hold 1/2 share of ap-
ple and 1/2 share of banana stock. Given that consumers have identical initial
endowments and identical preferences, the social planner’s allocation is also the
competitive equilibrium.

(b) We have just shown that in equilibrium, all consumers hold 1/2 share of each
stock. This means that total consumption equals d; = 2[d“ + d°]. However, dt is
the only part of d; that has predictive content, as ¢ and £ are i.i.d. It follows that

d; and c?t together summarize the state of the aggregate economy. In Lagrangean
form, Bellman’s functional equation is:
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Because the consumer’s actions have no effect on the aggregate economy, his finan-
cial resources, x; are a state variable for him but not for the aggregate economy.
The first-order conditions for an interior solution are
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From Benveniste and Scheinkman’s results, we have
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=\
al't ts
so that the first-order conditions reduce to:
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(¢) In equilibrium, ¢; = d;. Inserting this result into equation (EE) shows that in
equilibrium the price of apple stock obeys

E; {(1 - ﬁL_l) P, (f— th)} = BE; ((f — gd11) di+1) )
where L denotes the lag operator. Inverting (1 — L), and imposing
}LIEOBJEt (pi-q-J (f = gdt+J)) =0,
(the transversality condition), one gets
pi (f — gdi) = E; (Z F(f— 9di+j) diﬂ) :
j=1
Recalling the expressions for d: +j» this simplifies to
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so that p? = pl.

(d) Since a mutual fund is just the combination of 1/2 share of apple stock and 1/2
share of banana shock, it follows from arbitrage arguments that
b
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(e) The realized rate of return is given by
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R = " [Ptﬂ +diy1 + 5i+1] :
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with i, = ¢, for apple stocks, €2, for banana stocks, and ;41 for the mutual
fund. It immediately follows that
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so that all three assets offer the same expected return. The mutual fund has safer
dividends, but it does not have a higher price, or offer a lower expected return.
This is because in equilibrium agents hold diversified asset portfolios, and are
thus concerned only about how an assets returns covary with aggregate returns
(consumption). (Recall that equity premia are based on cov; (Ri, u (¢t11)).) By
this measure the mutual fund is no less risky than the individual stocks. Put
differently, risks that can be diversified away do not enter into stock prices.

2. The main equations of our ad hoc model are:

Yt = Pt — P, (AS)
Ye = My — P+ 1 (AD)

Regardless of how it is constructed, p{ cannot use information outside the information
set

I = {yt—j»pt—jamt—jaﬂ't—japffﬁnt—j};il‘
(a) Combining equations (AD) and (AS) yields
Pr— Py =My — pe 1y,
(e + 1, + pj], (EQP)

[my +n, —pf] . (EQY)
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(b) We now assume that agents have adaptive expectations

pi = ¢pi-1,
and that the money supply rule is
my = YPt-1,
v = argmin oV (y;) +V (py) .
Yo

1. Taking v as given, we can simplify (EQP) and (EQY) to get

o= gt (o),
Y = %[nﬁr(v—d))pu],



2. The central bank’s objective is

n}/%)n o& [0727 +(v—9¢)°V (pt_l)} + i [0727 +(y+ 9’V (pt—l)} :

This follows from the fact that pf = ¢p,_; is independent of 7,, as the latter
variable is not known at time ¢t — 1. Taking first order conditions, we get

02 (1= ) V(prs) + 2 (7 + ) V(pir) = 0,
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The second derivative is %(a + 1)V (pi—1) > 0, confirming a minimum.

3. When a = 0, the central bank places no weight on controlling output fluctua-
tions, and v = —¢. Recalling our answer to part (i) above, we see that when
a=0,p = %nt and the central bank offsets all price fluctuations known at
time t — 1. As a — oo, the central bank places all of its weight on controlling
output fluctuations and v — ¢. Recalling our answer to part (i) above, we see
that as a — o0, y; — %nt and the central bank offsets all output fluctuations
known at time t — 1. a = 1 is the intermediate case, and v takes on the
intermediate value of 0.

(¢) Now we assume that agents have rational expectations

Pf =F (pt| Itfl) )

and the monetary rule is as before.

1. Taking v as given, apply the law of iterated expectations to equation (EQP):

1
E(pLi1) = iE (Ype—1 + 1y + pe| Li—1) = YD1—1,
1
Pt = 57% + YDt-1-

Inserting this into equation (EQY) yields
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2. The central bank’s objective is
min al [02] + 102 + 72V (pi_1)
i g oy ]+ 5oy t—1) -

This is minimized with v = 0.

3. Under rational expectations monetary policy does not affect output, as it is
predicted perfectly. The only remaining task for the central bank is price
stability. Recalling our answer to part (1) above, we see that when v = 0,
P = %nt and prices depend only on variables not known at time ¢ — 1.



(d) In the setup used here, “leaning against the wind” (in terms of inflation) makes
the most sense when agents have adaptive expectations and the central bank
is concerned about price stability; ¥ = —¢ under these circumstances. Under
adaptive expectations, high realizations of current inflation (prices) lead agents
to expect higher inflation in the future, putting upward pressure on future prices.
Since py,; does not depend on m;,1, a central bank can then use a decrease in
myy1 to offset this price pressure. Under rational expectations, high realizations
of current inflation do not increase expected inflation wunless the central bank
responds with an increased money supply. In such circumstances, the best thing
for the central bank to do is to keep the money supply stable.



