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1. A NEOCLASSICAL ECcONOMY

Consider a neoclassical economy with a representative household with preferences at time t = 0

given by

1-6

Y exp(—onS 1
/0 exp(—pt) T 0 dt.

There is no population growth and labor is supplied inelastically. Assume that the aggregate
production function is given by Y; = F(A:Kj, L¢), where F satisfies the standard assumptions (constant
returns to scale, differentiability, and the Inada conditions).

(1) Define a competitive equilibrium for this economy.

(2) Suppose that Ay = A for all t, and characterize the steady-state equilibrium. Explain why the
steady-state capital-labor ratio is independent of 6.

(3) Now assume that A; = exp(gt)Ap, and show that a BGP (with constant capital share in national
income, and constant and equal rates of growth of output, capital, and consumption) exists only if F takes
the Cobb-Douglas form, Y; = (Ath)”‘L}_“ )

(4) Characterize the BGP in the Cobb-Douglas case. Derive the common growth rate of output, capital,

and consumption.

2. ASSET PRICE wiTH DIVIDENDS

Consider a stock that pays dividends of D; in period t and whose price in period t is P;. Assume that
consumers are risk-neutral and have a discount rate of r; thus they maximize E[} ;> ﬁ]

(a) Show that equilibrium requires P; = E;[(D;y1 + Pr11)/ (1 +7)] (assume that if the stock is sold,
this happens after that period’ s dividends have been paid).

(b) Assume that lims_,0 E¢[Pr1s/ (1 + 1)°] = 0 (this is a no-bubbles condition; see the next problem).
Iterate the expression in part (a) forward to derive an expression for P; in terms of expectations of future

dividends.



3. ASSET PRICE WITH BUBBLES

Consider the setup of the previous problem without the assumption that lims_,eo E¢[Pr+s/(1+7)°] = 0.

(a) Deterministic bubbles. Suppose that P; equals the expression derived in part (b) of Problem 2
plus (1+7)'b,b > 0.

(i) Is consumers’ first-order condition derived in part (a) of Problem 2 still satisfied?

(ii) Can b be negative? (Hint: Consider the strategy of never selling the stock.)

(b) Bursting bubbles. (Blanchard, 1979.) Suppose that P; equals the expression derived in part (b) of
Problem 2 plus g;, where g; equals (1 + 7)g;_1/a with probability « and equals o with probability 1 — a.

(i) Is consumers’ first-order condition derived in part (a) of Problem 2 still satisfied?

(ii) If there is a bubble at time t (that is, if g; > 0), what is the probability that the bubble has burst by
time t + s (that is, that g;s = 0)? What is the limit of this probability as s approaches infinity?

(c) Intrinsic bubbles. (Froot and Obstfeld, 1991.) Suppose that dividends follow a random walk:
D; = D;_1 + e; , where e is white noise.

(i) In the absence of bubbles, what is the price of the stock in period t?

(ii) Suppose that P; equals the expression derived in (i) plus b;, where by = (1+r)by_1 +cet, ¢ > 0. Is
consumers’ first-order condition derived in part (a) of Problem 2 still satisfied? In what sense do stock

prices overreact to changes in dividends?
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1 A Neoclassical Economy

Consider a neoclassical economy with a representative household with preferences at time ¢ = 0
given by:
&S] 1-6
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There is no population growth and labor is supplied inelastically. Assume that the aggregate production

function is given by Y; = F(A;K;, L;), where F satisfies the standard assumptions (constant returns

to scale, differentiability, and the Inada conditions).

1.1 Competitive Equilibrium Definition

Define a competitive equilibrium for this economy.

Solve. FEFIERAFALIZFE—DFH {Cy, ey, we, Re}2, L
1. ARG T B AE TS L0 RN e KA.
2. ] RO,
3. S,
masx /0 h exp(—pt)cia_eldt
s.t. dy =Triap + wp — ¢

t
lim a, exp(/ rsds) > 0.
t—o0 0

1.2 Steady-State Equilibrium

Suppose that A; = Ay for all ¢, and characterize the steady-state equilibrium. Explain

why the steady-state capital-labor ratio is independent of 6.
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1.3 Balanced Growth Path (BGP) Conditions

Now assume that A; = exp(gt)Ag, and show that a BGP (with constant capital share
in national income, and constant and equal rates of growth of output, capital, and con-
sumption) exists only if F takes the Cobb-Douglas form, Y, = (A4,K,)*L; .
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1.4 Characterization of the BGP in the Cobb-Douglas Case

Characterize the BGP in the Cobb-Douglas case. Derive the common growth rate of

output, capital, and consumption.
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2 Asset Price with Dividends

Consider a stock that pays dividends of D; in period t and whose price in period t is P;. Assume

that consumers are risk-neutral and have a discount rate of r; thus they maximize E [Zt 0 1%) } .

2.1 Equilibrium Condition
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2.2 No-Bubbles Condition

Assume that lim,_, . E; [ P } = 0 (this is a no-bubbles condition). Iterate the expres-

(1+r)®
sion in part (a) forward to derive an expression for P, in terms of expectations of future
dividends.

Solve. FIF gk

Dy + P, Do+ P,
o= [ t+11 +r Hl] Fra = B [ t+12 +r HQ]
RN, ATH
Dy Dyio+ Py Dy Dyio+ Py
P, =K E =E, | — | E,E — .
‘ t[l—H" t+1{ (1+7)? S e A P
FHIEAR A B e !

Dy Dyio+ Py
P, =E E .
' t[1+7"] t[ (1+7)?

[ RTIEAREITE T4, 1

i Dt+s

s=1

P, =E,

FEHUB A Tim, oo By [ 552 ] = 0, BefiT

(o)
t+s
Z (1+47r)s

b =E,

3 Asset Price with Bubbles

Consider the setup of the previous problem without the assumption that lim,_, ., E; [ (f:;)} =0.

3.1 Deterministic Bubbles

Suppose that P, equals the expression derived in part (b) of Problem 2 plus (1 + r)'b,
b> 0.

3.1.1 First-Order Condition

Is consumers’ first-order condition derived in part (a) of Problem 2 still satisfied?
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3.1.2 Negative Bubbles

Can b be negative? (Hint: Consider the strategy of never selling the stock.)

Solve. WK b MK, IARKIKEE T IS, BB R &SRR, JFEaTI85
K. ZFIEORATTRER). BERAEAZ LSRRI O RS S, 5 i S T AN H 5 P SRS AT LLGE G DL A7 A%
AR TEARAR. B B fa] FR i, BRI ST mﬁﬁlETa A A . BRI b ARER T
).

O

3.2 Bursting Bubbles

Suppose that P, equals the expression derived in part (b) of Problem 2 plus ¢;, where

(I47r)gs—1
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q: equals with probability a and equals 0 with probability 1 — a.



3.2.1 First-Order Condition

Is consumers’ first-order condition derived in part (a) of Problem 2 still satisfied?
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3.2.2 Burst Probability

If there is a bubble at time ¢ (that is, if ¢, > 0), what is the probability that the bubble
has burst by time ¢ + s? What is the limit of this probability as s approaches infinity?
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3.3 Intrinsic Bubbles

Suppose that dividends follow a random walk: D; = D;_; + e;, where e is white noise.

3.3.1 No Bubbles Price

In the absence of bubbles, what is the price of the stock in period ¢?7
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3.3.2 First-Order Condition with Intrinsic Bubbles

Suppose that P, equals the expression derived in (i) plus b;, where b, = (1+7)b;_1 + ceq,
¢ > 0. Is consumers’ first-order condition derived in part (a) of Problem 2 still satisfied?

In what sense do stock prices overreact to changes in dividends?
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