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• Assets are used to shift consumption between periods.

• Some assets are not perfectly safe. Hence, the agent experiences some uncer-
tainty about future payoffs, which results in uncertainty about future levels
of consumption.

• Based on this thought, agents will price assets not only depending on its return
compared to the risk-free rate, but also depending on each agent’s willingness
to take risk (willingness to forego some consumption smoothing for a higher
absolute level of consumption).
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2 Asset Euler Equations

Agent’s Maximization Problem:

• Agents maximize expected lifetime utility:

Et

∞∑

j=0

βju(ct+j), 0 < β < 1. (2.1)

• Individuals can hold bonds and equity. Assets can be sold short, but borrowing
constraints work on both equity and fixed-income holdings.

• Notation:

– Lt: Bond holdings

– Nt: Equity holdings

– Borrowing constraints: Lt ≥ −bL, Nt ≥ −bN .

– Risk-free real gross interest rate: Rt, measured in units of time t + 1
consumption good per time t consumption good.
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• Budget constraint:

ct + Rt
−1Lt + ptNt ≤ At. (2.2)

• Next period’s wealth:

At+1 = Lt + (pt+1 + yt+1)Nt (2.3)

yt+1: stochastic dividend income

• Hence, the agent’s maximization problem is a dynamic programming problem.
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Euler Equations:

• At interior solutions, the Euler equations are

u′(ct)Rt
−1 = Etβu

′(ct+1), u′(ct)pt = Etβ(yt+1 + pt+1)u′(ct+1). (2.4)

• Transversality conditions:

lim
k→∞

Etβ
ku′(ct+k)R

−1
t+kLt+k = 0, lim

k→∞
Etβ

ku′(ct+k)pt+kNt+k = 0. (2.5)

• If any of the transversality conditions (2.5) would be positive, the agent would
be overaccumulating assets. This is the analogous condition to a finite horizon
model where the agent will not die with positive asset holdings.

• Were they negative, the agent would be given credit he cannot pay up - a
contract that no one would enter.
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3 Martingale Theories of Consumption and Stock
Prices

• Assume that the risk-free interest rate is constant (Rt = R > 1). Thus:

Etu
′(ct+1) = (βR)−1u′(ct).

Hence, u′(c) follows a univariate linear first-order Markov process.

• Rearranging the Euler equation yields:

Etβ(yt+1 + pt+1)
u′(ct+1)

u′(ct)
= pt. (3.1)

• The left-hand side of (3.1) is the expected value of a product of two random
variables. Apply Et(xz) = EtxEtz + cov(x, z):

βEt(yt+1 + pt+1)Et
u′(ct+1)

u′(ct)
+ βcovt

[
(yt+1 + pt+1),

u′(ct+1)

u′(ct)

]
= pt (3.2)
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• Can it be the case that pt = βEt(yt+1 + pt+1)? Unlikely to be satisfied for
general utility functions!

• One obvious example where it fits is risk-neutrality of agents. Then u′(ct)
becomes independent of ct, Etu

′(ct+1)/u′(ct) = 1, and

covt

[
(yt+1 + pt+1),

u′(ct+1)

u′(ct)

]
= 0.

• Stock prices then suffice

Etβ(yt+1 + pt+1) = pt. (3.3)

• Adjusted for dividends and discounting, the share price follows a first-order
univariate Markov process and no other variables Granger cause the share price.
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• The stochastic difference equation (3.3) in that case has the class of solutions

pt = Et

∞∑

j=1

βjyt+j

︸ ︷︷ ︸
expecteddiscountedfuturedividends

+ ξt

(
1

β

)t

︸ ︷︷ ︸
bubbleterm

, (3.4)

where ξt is any random process that obeys Etξt+1 = ξt. The ‘bubble term’
must be zero in equilibrium.
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4 Equilibrium Asset Pricing

Lucas’ breakthrough on asset pricing (Econometrica 1978)

• So-called ‘Lucas’ Tree Model’. Trees are durable, dividends (fruits) are not.
Each agent owns one tree at time 0.

• Dividend follows a Markov process and is the only state variable of the economy.

• An asset-pricing model has the following features:

1. It is a dynamic economy.

2. Specified preferences, technology and endowments.

3. Equilibrium is competitive
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• Equilibrium intertemporal consumption allocation then satisfies:

Etu
′(ct+1) = (βR)−1u′(ct).

Et

{
β
u′(ct+1)

u′(ct)
· (yt+1 + pt+1)

}
= pt. (4.1)

• Equate consumption that appears in the Euler equation to the equilibrium
consumption derived in the first step. This procedure will give the asset price
at t as a function of the state of the economy at t.

u′(yt)R
−1
t = Etβu

′(yt+1),

u′(yt)pt = Etβ(yt+1 + pt+1)u′(yt+1).
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5 Stock Prices without Bubbles

• Using recursions on the previous equation and the law of iterated expectations
(EtEt+1(·) = Et(·)), we arrive at the equilibrium share price:

u′(yt)pt = Et

∞∑

j=1

βju′(yt+j)yt+j + Et lim
k→∞

βku′(yt+k)pt+k. (5.1)

• Market clearing implies that the last term must be zero (agents must be willing
to hold their trees forever).

• Would it be positive, then the marginal utility from selling shares, u′(yt)pt,
exceeds the marginal utility loss of holding the asset forever and consuming the
future stream of dividends, Et

∑∞
j=1 β

ju′(yt+j)yt+j. Then, everybody would
like to sell shares and asset prices would immediately be driven down.

• The same arguments holds vice versa: If the term is negative, all agents would
like to purchase more shares and the price would soar.
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• Hence, in equilibrium, the price must satisfy

pt = Et

∞∑

j=1

βj
u′(yt+j)

u′(yt)
yt+j, (5.2)

which is a generalization of equation (3.4).
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Consider a simple example:

• u (c) = log (c)

• yt is a random walk with constant drfit g:

log yt = log yt−1 + g + εt

• Consider equation (5.2);

pt = Et

∞∑

j=1

βj
yt
yt+j

yt+j = yt

∞∑

j=1

βj =
β

1− βyt

– Constant price-dividend ratio pt/yt

– Asset price is independent of expected growth rate g
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6 The Term Structure of Interest Rates

Consider there are two zero-bonds with maturity of 1 and 2 years, respectively. The
law of motion for wealth is then

ct + R−1
1t L1t + R−1

2t L2t + ptNt ≤ At, (6.1)

At+1 = L1t + R−1
1t+1L2t + (pt+1 + yt+1)Nt. (6.2)

Hence the Bellman equation for this problem is:

v(At, st) = max
L1t,L2t,Nt

{
u[At −R−1

1t L1t −R−1
2t L2t − p(st)Nt]

+βEtv(L1t + R−1
t+1L2t + [p(st+1) + yt+1]Nt, st+1)

}
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The first-order conditions are:

u′(ct)R
−1
1t = βEtv1(At+1, st+1), (6.3)

u′(ct)R
−1
2t = βEt

[
v1(At+1, st+1)R−1

1t+1

]
. (6.4)

Applying the envelope theorem and setting ct = yt = st, the equilibrium rates of
return equal

R−1
1t = βEt

[
u′(st+1)

u′(st)

]
≡ R1(st)

−1 (6.5)

R−1
2t = βEt

[
u′(st+1)

u′(st)
R−1

1+1

]
≡ β2Et

[
u′(st+2)

u′(st)

]
≡ R2(st)

−1 (6.6)
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Because of the Markov assumptions, interest rates can be written as time-invariant
functions of the economy’s current state st.
The general expression of (6.6) is as follows:

R−1
jt = βjEt

[
u′(st+j)

u′(st)

]
. (6.7)

This rate is not annualized and smaller than 1. If we invert and exponentiate with
(·)1/j, we get the yield to maturity of a zero coupon bond:

R̃jt = R
1/j
jt = β−1

{
u′(st)[Etu

′(st+j)]
−1
}1/j

(6.8)

If dividends are i.i.d. over time, the yields to maturity for a j-period and a k-period
bond are then related as follows:

R̃jt = R̃kt

{
u′(st)[Eu

′(s)]−1
}k−j

kj
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The term structure of interest rates is thus upward sloping whenever u′(st) <
Eu′(s) - agents have a relatively high level of consumption and a correspondingly
low level of marginal utility of consumption. Hence, agents would like to save for the
future.

Classical theory of term structure: long-term interest rates should be determined
by expected future short-term interest rates.
Recall that E(x× y) = E(x)E(y) + cov(xy). Hence derive from (6.5) and (6.6):

R−1
2t = βEt

[
u′(st+1)

u′(st)

]
EtR

−1
1t+1 + covt

[
β
u′(st+1)

u′(st)
, R−1

1t+1

]

= R−1
1t EtR

−1
1t+1 + covt

[
β
u′(st+1)

u′(st)
, R−1

1t+1

]
. (6.9)

This is a generalization of the pure expectations theory, adjusted for the risk premium
covt(·). The pure expectations theory hence only holds when utility is linear. Then,
R1t is constant and equal to β−1, and the covariance term is zero.
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7 Interpretation of Risk-Aversion Parameter

• Precise idea of risk-aversion important for equity-premium puzzle

• Most commonly used utility function in asset pricing literature: CRRA

U(c) =
c1−γ

1− γ,

where

γ =
−cu′′(c)
u′(c)

.
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The standard way to model risk-aversion experimentally is to use the certainty-
equivalent rationale. Following Pratt, consider the fair gamble yielding either +y or
−y. Then, we want to find the function π(y, c) that solves

u[c− π(y, c)] = .5u(c + y) + .5u(c− y). (7.1)

For given values of c and y, the non-linear function π(·) can be solved for. Alterna-
tively, for small values of y, the Taylor series expansion yields

u(c− π) = u(c)− πu′(c) + O(π2), (7.2)

where O(·) is at most of order (·), whereas o(·) is of smaller order than (·). Taking
a Taylor series expansion of u(c + ỹ) gives

u(c + ỹ) = u(c) + ỹu′(c) +
1

2
ỹ2u′′(c) + O(ỹ3), (7.3)

where ỹ is the random variable that takes value y with probability .5 and −y with
probability .5.
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Taking expectations gives

Eu(c + ỹ) ≈ u(c) +
1

2
y2u′′(c) (7.4)

Equating (7.2) and (7.4) and ignoring higher order terms gives

π(y, c) ≈ 1

2
y2

[−u′′(c)
u′(c)

]
.

For the constant relative risk-aversion utility function, we have

π(y, c) ≈ 1

2
y2γ

c
.

This can be expressed as

π/y =
1

2
γ(y/c). (7.5)

The left-hand side is the premium the consumer is willing to pay to avoid a fair bet
of size y. The right-hand side is one-half γ times the ratio of the bet y to the inictial
level of consumption.
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The equity premium puzzle 393

Taking a Taylor series expansion of u(c + ỹ) gives

u (c + ỹ) = u (c) + ỹu! (c) +
1

2
ỹ2u!! (c) + O

!
ỹ3

"
, (13.11.3)

where ỹ is the random variable that takes value y with probability .5 and !y with

probability .5. Taking expectations on both sides gives

Eu (c + ỹ) = u (c) +
1

2
y2u!! (c) + o

!
y2

"
. (13.11.4)

Equating formulas (13.11.2) and (13.11.4) and ignoring the higher order terms gives

! (y, c) " 1

2
y2

#!u!! (c)
u! (c)

$
.

For the constant relative risk-aversion utility function, we have

! (y, c) " 1

2
y2 "

c
.

This can be expressed as

!/y =
1

2
" (y/c) . (13.11.5)

The left side is the premium that the consumer is willing to pay to avoid a fair bet

of size y ; the right side is one-half " times the ratio of the size of the bet y to his

initial consumption level c .

Table 10.1 Risk premium !(y, c) for various values of y and "

" \ y 10 100 1,000 5,000
2 .02 .2 20 500
5 .05 5 50 1,217
10 .1 1 100 2,212

Following Cochrane (1997), think of confronting someone with initial consumption

of $50,000 per year with a 50–50 chance of winning or losing y dollars. How much

would the person be willing to pay to avoid that risk? For c = 50, 000, we calculated

! from equation (13.11.1) for values of y = 10, 100, 1, 000, 5, 000. See Table 10.1. A

common reaction to these premiums is that for values of " even as high as 5, they

are too big. This result is one important source of macroeconomists’ prejudice that

" should not be much higher than 2 or 3.

The table indicates the values of the risk-premium for someone with an endowment
of 50′000.

What premium would you require for a y = 5000 gamble? Values for γ between
1 and 5 are mot common. Very few exceed 10.
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8 The Equity Premium Puzzle

Mehra and Prescott (1985) describe an empirical problem for the representative agent
model of this chapter. For plausible parametrizations of the utility function, the
model cannot explain the large differentials in average yields on relatively riskless
bonds and risky equity in the US data over the ninety-year period 1989-1978.
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13.12. The equity premium puzzle

Mehra and Prescott (1985) describe an empirical problem for the representative agent

model of this chapter. For plausible parameterizations of the utility function, the

model cannot explain the large di!erential in average yields on relatively riskless

bonds and risky equity in the U.S. data over the ninety-year period 1889–1978, as

depicted in Table 10.2. The average real yield on the Standard & Poor’s 500 index

was 7 percent, while the average yield on short-term debt was only 1 percent. As

pointed out by Kocherlakota (1996a), the theory is qualitatively correct in predicting

a positive equity premium, but it fails quantitatively because stocks are not su"ciently

riskier than bonds to rationalize a spread of 6 percentage points.20

Table 10.2 Summary statistics for U.S. annual data, 1889-1978

Mean Variance-Covariance
1 + rs

t+1 1 + rb
t+1 ct+1/ct

1 + rs
t+1 1.070 0.0274 0.00104 0.00219

1 + rb
t+1 1.010 0.00308 !0.000193

ct+1/ct 1.018 0.00127

The quantity 1 + rs
t+1 is the real return to stocks, 1 + rb

t+1 is the real return to

relatively riskless bonds, and ct+1/ct is the growth rate of per capita real consumption

of nondurables and services.

Source: Kocherlakota (1996a, Table 1), who uses the same data as Mehra and Prescott

(1985).

Rather than calibrating a general equilibrium model as in Mehra and Prescott

(1985), we proceed in the fashion of Hansen and Singleton (1983) and demonstrate

the equity premium puzzle by studying unconditional averages of Euler equations

under assumptions of lognormal returns. Let the real rates of return on stocks and

bonds between periods t and t+1 be denoted 1+ rs
t+1 and 1+ rb

t+1 , respectively. In

our Lucas tree model, these numbers would be given by 1 + rs
t+1 = (yt+1 + pt+1)/pt

and 1 + rb
t+1 = R1t . Concerning the real rate of return on bonds, we now use time

subscript t + 1 to allow for uncertainty at time t about its realization. Since the

numbers in Table 10.2 are computed on the basis of nominal bonds, real bond yields

20 For recent reviews and possible resolutions of the equity premium puzzle, see
Aiyagari (1993), Kocherlakota (1996a), and Cochrane (1997).
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Recall that the Fundamental Asset Pricing equation can be written as follows for
any asset i,

1 = βEt

[
pit+1 + dit+1)

pit

u′(ct+1)

u′(ct)

]
= βEt

[
(1 + rit+1)

u′(ct+1)

u′(ct)

]
,

for i ∈ {s, b}.

Assume that the stochastic processes for endowments (and, hence, consumption)
and rates of return are exogenous. Moreover, assume that consumption growth,
ct+1/ct, and return on the assets, (1 + rit+1), are jointly log normal. Namely, define
the variables {εc,t+1, εs,t+1, εb,t+1} such that

ct+1

ct
= c̄∆ exp{εc,t+1 − σ2

c/2}, (8.1)

1 + rit+1 = (1 + r̄i) exp{εi,t+1 − σ2
i /2}, i = s, b. (8.2)

The variables εc,t+1, εs,t+1 and εb,t+1 are jointly normally distributed with zero means
and variances {σ2

c , σ
2
s, σ

2
b}.

Recall that if x ∼ N(µ, σ2) then E{exp(x)} = exp(µ + σ2/2).
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For the CRRA-case, substituting into (8.1) and (8.2) yields

1 = βE

[
(1 + rit+1)

(
ct+1

ct

)−γ]

= β(1 + r̄i)c̄−γ∆ E{exp[εi,t+1 − σ2
i /2− γ(εc,t+1 − σ2

c/2)]}
= β(1 + r̄i)c̄−γ∆ exp[(1 + γ)γσ2

c/2− γcov(εi, εc)],

where i ∈ {s, b}
Taking logarithms of both sides yields

log(1 + r̄i) = − log(β) + γ log(c̄∆)− (1 + γ)γσ2
c/2 + γcov(εi, εc), i = s, b. (8.3)
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Finally, the equity premium can be derived from (8.3) as follows:

log(1 + r̄s)− log(1 + r̄b) = γ[cov(εs, εc)− cov(εb, εc)].

From Table on p.40, cov(εs, εc) = 0.00219, cov(εb, εc) = −0.000193, and equity
premium is r̄s−r̄b ≈ 7%−1% = 6%. Using log(1+r) ≈ r, the theory’s interpretation
of the historical equity premium can be written as

γ ≈ r̄s − r̄b
cov(εs, εc)− cov(εb, εc)

=
.06

0.00219 + 0.000193
≈ 25.

Instead of assuming log-nomality, Mehra and Prescott (1985) use equation (4.1)
and the empirical joint distribution of real consumption growth and the equity pre-
mium. This implies γ of more than 50.

Equity premium puzzle: Values of γ above 10 are believed to imply unplau-
sible behavior of individuals by the vast majority of economists
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Risk-free rate puzzle (Weil 1989)

Mehra and Prescott (1985) and Weil (1989) point out that an additional part of
the puzzle relates to the low historical mean of the riskless rate of return. According
to (8.3) for bonds,

log(β) = − log(1 + r̄i) + γ log(c̄∆)− (1 + γ)γσ2
c/2 + γcov(εb, εc)

Setting γ = 50 then implies

β ≈ exp

(
−0.01 + 0.018 · γ − (1 + γ)γ · 0.00127

2
− γ · 0.000193

)

= 0.48

Namely, with γ ≥ 50 and the historical consumption data, an unreasonably low
β is needed to rationalize an average risk-free rate of only 1 precent. This is the
”risk-free rate puzzle”
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9 Hansen-Jagannathan bounds

• The equity premium implies a very high market price of risk.

• Hansen & Jagannathan (1991) used asset prices and returns alone to estimate
the market price of risk, without imposing the link to consumption data implied
by any particular specification of a stochastic discount factor. Their version of
the equity premium puzzle is that the market price of risk implied by the asset
market is much higher than can be reconciled with the aggregate consumption
data.

• Simple version of Hansen-Jagannathan argument:
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The asset pricing equation implies

0 = E
{
mt+1

(
rst+1 − rbt+1

)}

= E {mt+1}E
{
rst+1 − rbt+1

}

+cov
[
mt+1,

(
rst+1 − rbt+1

)]

⇒
E
{
rst+1 − rbt+1

}

= − 1

E {mt+1}
corr

[
mt+1,

(
rst+1 − rbt+1

)]
σ (mt+1)σ

(
rst+1 − rbt+1

)

Thus,

E
{
rst+1 − rbt+1

}

σ
(
rst+1 − rbt+1

) = − σ (mt+1)

E {mt+1}
corr

[
mt+1,

(
rst+1 − rbt+1

)]
︸ ︷︷ ︸

≤1

≤ σ (mt+1)

E {mt+1}
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• With CRRA,

σ (mt+1) = βγ σ

(
ct+1

ct

)

• The empirical Sharpe ratio in U.S. stock markets has been approximately
E
{
rst+1 − rbt+1

}
/σ
(
rst+1 − rbt+1

)
≈ 0.4.

• E {mt+1} /β = (1+ riskfree rate)/β ≈ 1. Thus, the standard deviation of
mt+1 must be at least

E {mt+1}
β︸ ︷︷ ︸
≈1

E
{
rst+1 − rbt+1

}

σ
(
rst+1 − rbt+1

)
︸ ︷︷ ︸

≈40%

≤ σ (mt+1)

β
= γ σ

(
ct+1

ct

)

︸ ︷︷ ︸
=
√

0.00127=3.6%⇒
γ ≥ 40%

3.6%
= 11

Conclusion: Aggregate consumption is not volatile enough to make the standard
deviation of the object high enough for the reasonable values of γ that we have
discussed.
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Our previous analysis described a theory that prices assets in terms of a particular

“stochastic discount factor”; mt+1 = βu
′(ct+1)
u′(ct)

. H&J developed a more general model:

• Let xj be a random payoff on a security. Let ther be J basic securities, so that
j = 1, . . . , J .

• x ∈ RJ : Random vector of payoffs on the basic securities.

• Assume the J × J matrix Exx′ exists.

• c ∈ RJ : vector of portfolio weights. Hence, return on portfolio is c · x.
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Next, define the space of payouts attainable from portfolios of the basic securities:

P ≡ {p : p = c · x forsomec ∈ RJ}.

We seek a price functional π mapping P into R. q - the price vector of the portfolios
- is observed. By the law of one price, it follows that

c · q = π(c · x).

Two portfolios with the same payoff must have the same price:

π(c1 · x) = π(c2 · x) ifc1 · x = c2 · x.
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Inner Product Representation of the Pricing Kernel

A stochastic discount factor y is a scalar random variable y that makes the following
equation true:

π(p) = E(yp) ∀p ∈ P. (9.1)

The vector of prices of the primitive securities, q, for example satisfies

q = E(yx) (9.2)

The law of one price implies that the pricing functinoal is linear and consequently
there exists a stochastic discount factor (in fact, there exist many stochastic discount
factors). Note that

cov(y, p) = E(yp)− E(y)E(p),

which implies that the price functional can be represented as

π(p) = E(y)E(p) + cov(y, p).

Hence, the price of a portfolio equals the expected return times the expected discount
factor plus the covariance between return and discount factor.
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The expected discount factor is simply the price of a sure scalar payoff of unity:

π(1) = E(y).

Note that linearity of the pricing functional leaves open the possibility that prices of
some portfolios are negative, which would open arbitrage opportunities.
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Classes of Stochastic Discount Factors

Our previous analysis typically advocated the particular stochastic discount factor

y = mt ≡
βu′(ct+1)

u′(ct)
(9.3)

Hansen and Jagannathan wanted to approach the data with a class of stochastic
discount factors. To begin, Hansen and Jagannathan noted that one candidate for a
stochastic discount factor is

y∗ = x′(Exx′)−1q. (9.4)

Besides, many other stochastic discount factors work, in the sense of pricing the
random returns x correctly, that is, recovering q as their price. It can be verified that
any other y that satisfies y = y∗ + e is also a stochastic discount factor, where e is
orthogonal to x.
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A Hansen-Jagannathan bound

H & J wanted to infer properties of y while imposing no more structure than linearity
of the pricing functional. They constructed bounds on the first and second moments
of stochastic discount factors y that are consistent with a given distribution of payoffs.

Let y be an unobserved stochastic discount factor. It can be represented in terms of
the population linear regression

y = a + x′b + e, (9.5)

where e is orthogonal to x and

b = [cov(x, x)]−1cov(c, y), a = Ey − Ex′b.

As y is unknown, cov(x, y) is unknown. However, notice that q = E(yx) implies
cov(x, y) = q − E(y)E(x). Hence

b = [cov(x, x)]−1[q − E(y)E(x)]. (9.6)
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Thus, given a guess about E(y), asset returns and prices can be used to estimate b.
Because the residuals in equation (9.5) are orthogonal to ,

var(y) = var(x′b) + var(e).

Therefore

[var(x′b)].5 ≤ σ(y). (9.7)

This is the lower bound on the standard deviation of all stochastic discount factors.

If there is a risk-free asset providing a non-stochastic return of zRF , it follows that
E(yzRF ) = zRFEy = 1, and thus Eu is a known constant. If there is no risk-free
asset, one can calculate a different bound for every specified value of E(y).
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Second, take a case where E(y) is not known because there is no risk-free asset.
Suppose the data consists of excess returns. Let xs be the return on a stock portfolio
and xb the return on a bond portfolio. Let z = xs − xb. Then

E[xy] = 0.

Thus, for an excess return, q = 0, so the formula becomes

b = −[cov(z,z)]−1E(y)E(z).

Then

var(z′b) = E(y)2E(z)′
[
cov(z, z)−1

]
E(z). (9.8)

Therefore, the Hansen-Jagannathan bound becomes

σ(y) ≥
[
E(z)′cov(z, z)−1E(z)

].5
E(y). (9.9)
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In the special case of a scalar excess return, (9.9) becomes

σ(y)

E(y)
≥ E(z)

σ(z)
. (9.10)

The left side is called the market price of risk. The market price of risk is hence
at least E(z)

σ(z) . This ratio determines a straight-line frontier in the [E(y), σ(y)] plane

above which the stochastic discount factor must reside.

For a set of returns, q = 1 and equation (9.6) becomes

b = [cov(x, x)]−1[1− E(y)E(x)]. (9.11)

The bound is computed by solving this equation and noting
√
b′cov(x, x)b ≤ σ(y) (9.12)
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The Mehra-Prescott Data

406 Chapter 13: Asset Pricing
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Figure 13.14.2: U.S. annual consumption growth, 1889–1979.

a high value of γ to bring the stochastic discount factor within the bounds for these

data. This is Hansen and Jagannathan’s statement of the equity premium puzzle.
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Figure 13.14.3: Hansen-Jagannathan bounds for excess return of

stock over bills (dotted line) and the stock and bill returns (solid

line), U.S. annual data, 1889–1979.
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On the previous chart, mean and standard deviation of candidate discount factors
for γ = 0 (the square), γ = 7.5 (the circle), γ = 15 (the diamond) and γ = 22.5
(the triangle). It takes a very high value of γ to bring the bound of the stochastic
discount factor within the bounds for the data. This is the Hansen and Jagannathan
statement of the equity premium puzzle.
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