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Empirical Facts

For the period from 1890 to 1991
> equity premium puzzle
(i) risky asset premium is “high": 6.17%
(i) riskless asset return is “low”: 1.94%
» volatilities
(i) risky asset preimum volatility is “high”: 19.4%
(i) riskless asset real return volatility is “low": 5.44%
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Key Mechanism

Two factors
1. limited market participation

2. heterogeneous EIS across agents
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Key Mechanism
An Example

» two periods: t = 0,1, known endowments {yo, y1}
» two agents: A and B

1-1/0f
prefences: i—ﬁ

risky technology: f(k)
only agent B can invest
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Key Mechanism

An Example
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Model

Households

» Two type of households: j stockholders and 1 — o non-
stockholders

» stockholders have access to equity and debt
» non-stockholders have access to debt only
» Epstein-Zin preferences:

U= | (1= B)ul(en 1= 1) + 8 (EdUfp) )

» EIS is proportional to 1/p’
» Assume: 1/p" > 1/p"
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Model

Firms

» Y, = Z.KILL?
log(Zi+1) = ¢log(Z:) + 41, where e, ~ N(0,02)
» Firm can issue on-period bonds, at price P!

v

v

Let P; be the price of 1 unit of equity
Total debt is fixed at yK and equity normalized to 1

v

v

Firms problem then is

P =  max e /i*f Dyy;
t

{It+j7Lt+j} j:l

/
Kiyp = @ (%) K+ (1 - 0)K;

t

D. = ZKN“O— WL, — I, — (1— PxK
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Model

Dynamic Programming Problem
» Let B be bonds held by non-stockholders
» Let Y =(K,B,Z2)
» Dynamic programming for stockholders is

Viw,Y) = max[(1-B)u'(c,1-1)

c,l,b’,s’
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P(Y)s' <w+ W(Z,K)I
W = b+ (P(Y)+ D))
= Tk(Y), B'=Tg(Y)

B

o X
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A recursive competitive equilibrium for this economy is given
by:

Vi, D), €, ), (w0, ), (), 5" )} i = B
» price functions {Pf()), P*()), W(Z,K)}
» policies for the firm L(Y), () and D(Y)

» law of motions 'k ()) and Ig())
such that, given prices
(i) {c'(w,Y), b"(w, ), l'(w,Y),s"(w,))} are optimal for house-
holds
(it) {L(Y),1(Y),D(Y)} are optimal for firms
(iii) markets clear:
» (bond market) ub" (wh, V) +(1—p)b™(w", V) = xK/PF(Y),
» (stock market) us"(w,Y) =1
» (labor market) p/f(wh, ¥) + (1 — p)I"(w",Y) = L()
(iv) law of motions
s K =Tk(V) = (1-0)K + o({)k
> B =Tp(Y) = (1—-p)b"(w",))
(v) a stationary distribution P over )
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Results

» Define returns as

1+ R =

+ 55

1+R" = 1/Pf
ReP — Rs_Rf

» Utility function is

i

u(c,1—1)=ct"*

D/ _|_ Ps/
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Results

US Data Consumption Model
ol an 6/6 6/6 6/6  6/12
1/p" 1/p" 0.3/0.1 0.3/0.3 0.1/0.1 0.3/0.1
E(Re?) 6.17 546 244 765 552
E(R) 1.04 131 320 024 135
o(ReP) 19.4 219 153 271 220
o(R) 5.44 6.65 455 852  6.71
olMloge) 155 242 078 112 244
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Results
Why is E(R®) high?
» consumption can be expressed as

OZKO 110 — | B— P'B
"= (W—|— ) —
. ILL / N 'LL
Ab a
B — P'B

\/+ 1—p
An ——

—an
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Results
Why is E(R®) high?
» consumption can be expressed as

011-60 _ pfp/
h (W+QZKL l)_B P'B
7 p

N Y N J/
-~ -~

Ah ah
L B-PB
~— 1— W
An ——

—an

» then

var(Alogc’) ~ var(AlogA') + var (A%)

4—2vaM%ACA%>
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Results
Why is E(R?) high?

E(A)/E(c') E(a)/E(c') o?*(Alogc’)

Stochholders 1.011 0.011 (3.61%)?
Non-stochholders 0.995 0.005 (1.48%)2

Fraction of _02(A log c') '
o?(AlogA')  o*(AZ) 20(Alog A, AZ)

Stochholders 0.185 0.340 0.475
Non-stochholders 3.13 0.61 -2.74

corr(A log A, Aj\—i,-)

Stochholders 0.947
Non-stochholders -0.99
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Results

Why is E(R®) high?

look at the value functions
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Results
Why is o(Rf) so low?

Representative Agent Model with Low EIS
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Figure: bond price volatility
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Results
Why is E(R") so low?

A good approximation is
Rl ~ —InB+ p"E(Alogcl, ) +

Two things are important
» Epstein-Zin preferences : p" # 1/a"
> no growth : E[E,(Alogcl,;)] =0
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Algorithm

Dynamic Programming Problem

Viw,Y) = max[(1-B)u'(c,1—1)

/ <!
c,l,b s

+ B(EVAW, )2
s. to
c+ PI (Y)Y P*(V)s' <w+ W(Z,K)I
W= b+ (P(Y)+ D))
K’ Tk(Y), B =Tg()
b B

_l_

(AVART
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Algorithm

step 0

(a) Choose grids for w", w" and Y

(b) Guess initial functions P"1()), P*1(V), Tk (), TL(Y) and
DY)

(c) denote j to the iteration number

step 1

Given P41 psi=1 /-1 21 and Di~1()) solve each agent

problem by iterating over the value function
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Algorithm

step 2

(a) use cM(w,Y) and VM (w,)) to compute //\\((33}}’))

(b) use the stochastic discount factor to solve for firm policy
P(Y)

(c) obtain D/(Y) = ZK L0~ WL—1(P)— (1P 1(Y))xK
and update [ (V) = (1 — 0)K + cID(Q)K

(d) set P° = PSi=1())) and iterate over

: N

N(Y)

(DY) + PP HYNIY
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Algorithm
step 3
(a) Solve

Vi w,¥,8) = max [(1-pB)u'(c,1—-1)

/<!
c,l,b's

_ph
+BEIVI(W V)| Z] ey )
s. to
c+agb + P <w+ W(K,Z2)I

and (2) — (4)

(b) last step gives policies b"(w, Y, §) and b"(w, Y, §)

(c) Foreach Y, search for g such that bond markets clear. Call
it g*

(d) Set P(¥) = q*(Y)

21/26



Algorithm

step 4

Obtain () = (1 — )B"(w", Y, "())

step 5

Iterate over steps 1 to 4 until convergence

step 6 check!

We haven't used equity market clearing. Check if
lps'(w, V) — 1] <1072
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Algorithm

Question: why not Pf(Y) = E [6’,\\{,((3;)”))} instead of step 37
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Results

Preferences

Three utility functions
1. Consumption : u(c,1—/) = c**
2. Cobb-Douglas: u(c,1— 1) = (c*(1 — [)E-0)1=¢'

3. GHH . U(C,]_— /) — (C—#}Ili)l—pi

1+
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Results

US Data Cons CD GHH
E(ReP) 6.17 546 265 4.21
o(ReP) 194 219 154 174
o(R?) 193 206 148 165
E(R®)/a(ReP 032 025 017 0.24
E(R) 1.94 131 287 142
a(R") 544  6.65 491 4.10
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Results
Why is E(R®P) countercyclical?

For the sharpe ratio

E(ReP)
o(Rep)

vV
~1

but o,(Alogc ) is counterciclycal
why?...

~ a"o,(Alog c,f’ﬂ)forrt(A log ¢/ 1, Rfﬁlz
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