Chapter I X. Specific Dynamic Asset Pricing Models

The previous chapter examined properties of dynamic asset pricing in general. While these models yield
genera insights, they are not amenable to empirical testing. The reason for the Merton ICAPM model is that the set
of variablethat may serve asproxiesfor changesin investment opportunitiesistoo broad. Essentially, any variablethat
forecastsfuturereturnswould be pricedinthe Merton model. Onthe other hand, the Breeden CCAPM providesafactor
model with aggregate consumption asthe only possible factor. The limitation hereisthat consumption isvery difficult
to observe. In particular, spending on durable consumption itemsis not likely to be closely related to durable goods
consumption. If durable consumption isexcluded, the remaining consumption intheform of spending on nondurables
is just too smooth. It is hard to believe that in today’s (developed) economies economic factors seriously restrict
nondurable consumption, consisting mostly of necessities. The abjective in this chapter is to provide some specific
models and theories that provide clear and testable implications.

1. PRODUCTION-BASED ASSET PRICING
(a) The Lucas Asset Pricing Model

he Lucas (1978) model is based on asimple endowment economy. A representative investor maximizes
I expected lifetime utility

(D) E X Blu(c), 0<p<1,
t=0
subject to awealth constraint:
o i S iy
2 '21 P Syt 4Py = '21 (p, +di)s +b -c.
1= i=

Here pti indicatesthe price of asharein asseti , sti indicates the number of sharesheld at the beginning of periodt (and
thusis not similar to the use of that symbol in previous chapters where it refers to portfolio share), g, the price of a
discount bond, and b, the number of discount bonds held.

The assets should be thought of as “trees’ bearing dividends in the form of “fruit”. No other means of
production exists and thefruit is perishable so that it can not be stored and consumed in future periods. Defining returns
as before, Rti+l = (dti+1 + ptid)/ pti , thefirst-order conditions for the risky assets and the riskless asset can be shown
toyield:

A3) EI(R.,-R')ul(c.)] =0, fordli.

(4) uc(ct) = BEt[Rttluc(Cd)], for al i.
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SECTION 1. PRODUCTION-BASED ASSET PRICING

We will focus first on equation (4) for an asset representing the market portfolio. This asset should be worth the sum
of the prices of all assets and generate adividend that equals the dividend for the whole market.

In equilibrium, the demands for all shares should equal their supplies. But, given the interpretation that share
y represents ownership to ay share of the dividends, the supply of shares for any asset must equal one. If thereisno
riskless “fruit” technology, then the riskless asset must be in zero net supply under the presumption that, in principle,
borrowing and lending may occur at the same rate. Thus, in equilibrium:

(5) s' =1, b =0, foraliandt.
Substituting the equilibrium conditions into equation (2) produces:
n .
(6) c = Xd =y.

The second equality follows since dividends are the only form of production and the only source of income in this
endowment economy. Equation (6), of course, must hold given equation (5) dueto Walras' Law —the goods market must
clear automatically once all other markets clear.

Now apply equation (4) to the market asset:

(7) U () = BEIR 1 U(¥. )]

noo
where R.1 = (pt+1 + yt+1)/|0t, with ';1 ptl =p, -

The price of the market asset can thus be found by solving the first order difference equation (7):

®  p- T BEL w0 )] u)).
2

Stock market values thus depend on current and future aggregate production levels. A simpler expression for stock
values is hard to obtain except in specia cases. For log utility we obtain directly from equation (8) that
P, =By, /(1-PB),sothat R, = (1/B)Y,.,/Y,. Thatis, the stock market priceis proportional to current aggregate
production but does not depend on future production. Thisis a consegquence of the fact that logarithmic preferences
cause individuals to be myopic. The market return can be motivated based on the idea of intertemporal substitution:
when y, is low, investors want to sell treesin order to consume more now.

To obtain moreinsight into thisissue and the effect of future output on stock market values, consider the effect
of achangein Yi.j ON Py

) sgn op,/ 9y, = S9N B [Us(Yy.g) + U (Vo) Vel -

If aggregate production changes are persistent, then further effectswill occur in subsequent periods, but all will havethe
same sign. Sufficient conditions for a positive (negative) sign then are that the coefficient of relative risk aversion is
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CHAPTER VII. SPECIFIC DYNAMIC ASSET PRICING MODELS

everywhere less than (larger than) one:
<
10) AT (V) = ~[UeOg) %y /U h) (5y L for all
>
- sgn apt/ayw. (<) 0.

Thelog caseisof coursethe case wherethe coefficient of relativerisk aversionisexactly equal to one. If the coefficient
of risk aversion is less than one, the value of the future dividend income 'y, , j u (Y. ].) , as evaluated at the marginal
benefit of additional current consumption, risesin y,, i There are two effects: a straightforward income effect plus a
substitution effect rel ated to thefact that dividends arelessval uablewhen aggregate consumption ishigh with associated
low marginal utility of consumption. The (intertemporal) substitution effect isbigger when the utility functionis*more
concave.” Asaresult, with higher risk aversionthesign flips. Moreprecisely, if the coefficient of risk aversionislarger
than one, the value of the future dividend income and thus the stock market valuerisesin future output y, , P Thisresult
may explain the puzzling phenomenon that positive news on the growth of future aggregate output tendsto lower stock
market values. In practice, of course, wewill observe something like: “The newsof continuing high growth in GDP has
fueled speculation of interest rate increases by the Fed. As aresult, stock prices tumbled.” A higher interest rateis
similar to an increase in the discount rate for future dividends.

It is straightforward, based on equations (3), (4), and (6), and assuming normality, to derive an asset pricing
equation for each asset analogously to the derivation of the CCAPM:

CEITHPEN A Biy (H.y - r'), with
Biy - Covt(rtill’ rti+1)/ Vart(rt)il) .

Here rti'l may represent either the return on an asset perfectly correlated with aggregate production or the growth rate
of aggregate production itself.

(b) The Brock Model

The Lucas “fruit tree” model is a general equilibrium model in the limited sense that it considers the joint
equilibrium implications of all decisions made in the economy. However, a key variable, production, is exogenous.
Thus, asset prices and returns are explained for exogenously given equilibrium marginal utilities of consumption asin
equation (7). Another standard model, the life-cycle model of consumption, takes market returns as given exogenously
and explainshow marginal utilities of consumption and consumption itself change over time. Below we consider athird
type of model inwhich both returnsaswell as consumption and production level sare explained endogenously, the Brock
model.

Consider a complete markets economy based on Brock (1982) but using the specific example developed in
Balvers, Cosimano, and McDonald (1990). A representative firm maximizesthe expected present value of thedividends
paid to the stockholders. Investment is assumed to lead to capital with a one period lag but depreciates fully in one
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SECTION 1. PRODUCTION-BASED ASSET PRICING

period of use, that is i, = k ;. Production y, depends on capital with arandom productivity shock 6, that is serially
uncorrelated. Thus the firm maximizes:

(12)  max Eté”\,m d.;
Subject to:
(13 d=y -k
(14)  y, = 6,Ae’k’,
where m, ., is the stochastic discount factor for each period t + |, based on the starting point at timet; m , = 1.

Production includes a standard exponentia time trend.
The decision problem based on equations (12) - (14) becomes:

15 VOO = o (% key * EIm s V(k.)D).

subject to equation (14). The first-order condition and the envel ope condition become:
(16 1 =E[m ., Vilk. )],
(17) Vi (k) = ay,/k .
Combining the envelope and first-order condition yields:
(18)  1=oaBE[m  ;¥./k.dd-
The consumer’s decision problem is very similar to the decision problem in the Lucas model. First, goods

market equilibrium impliesthat ¢, = d,. Second, assuming alog utility function implies, following the same steps as
in the Lucas model, that:

(19) M i1 = Puclc.,)/ulc) - M i1 = pd/d.;.

Thefirst equation follows by considering the price of an asset at timet that yields adividend of one unit at timet+1 and
zero at al other times, plus comparing equations (8) and (12). Substituting equation (19) into equation (18) yields:

(200 1 =aBE[(d/d. ;) (Y. /K.D]-
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CHAPTER VII. SPECIFIC DYNAMIC ASSET PRICING MODELS

Next step isto guess a solution for the value function or for the decision rule. In this case assume:
(21) k.1 = FY.

where F is an undetermined coefficient. Equation (21) implies from equation (13) that:
(22) d =(1-F)y,.

Substitute both equations (21) and (22) into equation (20) tofind F = « 3, so that:
(23) k. =aBy, ¢ =d =(1-af)y,.

Aggregate production from equation (14) then becomes:

(24) Yeop = 0, AT (aB) y” .

Lastly, since from the consumer decision problemwehave R, = (1/B)d,.,/d,, wefind from equation (23) that:

(25) R,y = (UB)YilY, -

Thus, aggregate production shocks are persistent as follows from equation (24). A positive technology shock (increase
in 6, ) raises aggregate production which is spent in part on investment. Asaresult the capital stock for the next period
islarger which leadsto more production in the next period (all else equal). The reason that higher aggregate production
leads to more investment isthat, if all were spent on consumption, the marginal utility of consumption would go down

too far, so that investment, leading to future consumption, isamore profitable aternative. Stock returns vary to alow
this process, which leads to a smoother consumption sequence, to occur. If current output islow, consumption will be
low and themarginal utility of consumption high. Returnsfor the upcoming period now are expected to be high asshown
in equation (23). Thereason isthat in order to generate investment, the returns on investing would have to be high to
entice consumersto investment in astate where marginal utility of consumptionishigh. Inother words, if current output
islower, the savings schedul e shiftsto the | eft, causing higher returns and lower aggregate investment and savings. See

Figure 1.
(c) Predictability of Returns
Taking expectations in equation (25) gives:

(26)  ER. = (UB)EY. ./,
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Rt

Effect of
Lower y,

Figure 1 lt,st

Stock Returnsover the Business Cycle
The effect of alower level of business activity (such asindustrial production)
on the stock return if business activity is mean reverting. Lower current
output and income implies that households are less willing to transfer their
wealth to future time periods which are presumed to be more plentiful.

Market returns can be predicted to the extent that aggregate output isforecastable. Theintuitive reason isthat abusiness
cycle upswing, inthe sensethat aggregate production for the next period isexpected to increase, |leadsto adesireto save
less currently. Thisisimplied by the life cycle hypothesis. Hence, the demand for stocksfalls, raising expected stock
returns for the upcoming period. No arbitrage opportunities arise since the same is true for all stocks. In fact, the
stochastic discount factor is changing over time which causes the predictability in returns. But as long as the proper
stochastic discount factor is used, arbitrage is by definition ruled out.

Balvers, Cosimano, and McDonald (1990) test the implication of the Brock model that stock returns can be
forecast by forecasting aggregate production. Taking logsin eguations (23) and (24) produces:

(27 Iny,,, =y +dt+alny, +¢_,,

(28) ., = - Inp +Iny,, - Iny,

wherethe variable definitions are obvious based on equations (23) and (24). Notethat the empirical implications of this
Brock model are quite similar to the implications of the Lucas model. Both equations (27) and (28) are consistent with
the Lucas model. The only difference is that the Brock model explicitly implies an equation like (27) whereas in the
Lucas model the stochastic process for aggregate output can be anything. Of course, the similarity to the Lucas model
also betrays the fact that we are in fact estimating the CCAPM implications for the market return with aggregate
consumption replaced by the less direct but more accurately measured aggregate production variable.

Combining equations (27) and (28) yields that:

(29) r,, = (y-Inp) +ot+ (a-1)Iny, + ¢, ;.
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CHAPTER VII. SPECIFIC DYNAMIC ASSET PRICING MODELS

In aregression framework, the right-hand side variables pre-date the return on the left-hand side. The predictionisthat
current aggregate production has anegative impact on the market return for the upcoming period. Thisfollows because
of “trend reversion” in aggregate production — equation (27) implies that, say, positive aggregate output shocks slowly
wear out, causing aggregate output to return to trend. As aresult, anticipated growth in aggregate output would be
unusually low in responseto a positive shock, causing expected market returnsto below aswell (since householdsdesire
to save more as a means of smoothing consumption).

The empirical resultsin Balvers, Cosimano, and McDonald (1990), using annual data for the value-weighted
CRSP stock index for the period 1947-1988 and industrial production to proxy for aggregate production are asfollows:
(a) the coefficient for the log of industrial production is significantly negative; (b) the R? is 22% so that there appears
to be significant forecastability in market returns; (c) if the expected growth rate is estimated first based on equation
(27) and is then used in equation (28), results are virtually identical to the results of estimating equation (29). This
suggests that the effect of aggregate production on returns occurs indeed as predicted from equation (28) rather than
through some other unknown mechanism. Further, (d) the regression R? risesto 50% if the horizon is extended from one
to five years; and (€) the dividend yield variable (that was shown in earlier work by Fama and French to be important
in forecasting stock returns) becomes insignificant once aggregate production isincluded in the forecasting regression.

Theempirica work thushasfocused on thetime-seriesimplicationsof the production-based asset pricing model
(PCAPM). Theresultsin effect support the CCAPM, together with the presumption that aggregate production is more
accurately measured than aggregate consumption. The cross-sectional implications of the PCAPM have not been tested
explicitly. While empirical work has found that GDP growth isafactor in explaining cross-section return differences,
there has been no attempt at a more theory-based test directly from, say, equation (11) and using an approach such as
in Mankiw and Shapiro (1985).

2. INVESTMENT-BASED ASSET PRICING

ochrane (1991) introduced adifferent perspective on asset pricing by exploiting thelink between returns

on physical investment and the returns on the equity asset that lays claim on the returns from physical

investment. At times the ensuing literature is termed production-based asset pricing but we will use
Cochrane’ s (1996) term Investment-Based Asset Pricing.

(a) Stock Returns and Physical Investment

Restoy and Rockinger (1994) provide a nice theoretical derivation of the link between stock returns and
investment in amodel with adjustment costs. The model is closely related to the Q-theory of investment but with the
important difference that the stochastic discount factor is allowed to vary over time, whereas the Q-theory models
typically assume a constant risk-free real interest rate as the discount factor.

In the absence of arbitrage opportunities we know that the value of any firm can be given as:

oy Vi=d +p = EtEOmt,tﬂ' d.; -
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SECTION 1. PRODUCTION-BASED ASSET PRICING

Thevaueof thefirm Visegual to current dividendsd plusthe ex-dividend value of the firm p. Assume that technology
shocks 0, follow aMarkov process and that capital k, does not fully depreciatein one period. Further assuming that the
firm’s choice variables are labor inputs L, and physical investment |, , the Bellman equation can be written as:

@ V(0) = oL [ Em ., V(K.,).6,).
where:

@  d = 6f(k,L)-wlL -1,

@ k- 9k,

The functionsf( ), and g( ) are assumed to be homogeneous of degree one. Dividends paid to equity holders are equal
to production revenue 6, f(k,L,) minus labor costs w, L, and investment. Next period's capital stock depends
(positively) on the current capital stock and current investment. Due to installation costs the relation between current
investment and the next-period capital stock is not necessarily proportional. Note that thisfirm isnot leveraged so that
all net revenues go to the equity holders. A more detailed model of thistype, which also includes retained earnings and
bondsis given in Altug and Labadie (1994, pp.165-168).

Thefirst-order conditions for the firm are:

(5 0f (k.L) - w,
(6) 1= 9k, 1) BIm 3 Villk. 1 6,01 -
The envelope condition produces:
() Vi(k, 6,) = 0, fi(k L) + g (ke 1) EoImy oy Vi1, 6.0)]
Combining equations (6) and (7) yields;
) Vi(k, 6,) = 0 fi(k, L) + [g (K. 1)/ g, (K, 1)].
Updating equation (8) by one period and substituting into equation (7) gives:
@  1=g kM) E(M {6 flkoL) + [g (k.11 0) /9 (K, pi 1, )1Y)

Therest of the derivation of stock returnsis necessary to show that the part of the right-hand side of equation
(9) that multiplies the stochastic discount factor is equal to the stock return. The basic reason that this turns out to be
the case is due to the homogeneity assumptions that guarantee, aswe kind of know from Hayashi (1982), that marginal
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Q equals average Q or, similarly, that V, = kV.
We know that p, can be written as:

(10) p; = Et[rr‘[,t+1(pt+1+ dt+1)]-

Using equation (3), the homogeneity of f( ), and equation (5) yields:

(11) pt = Et{ rnt,t+l[pt+1 + etdrlfk(kt*rl' Lt+1) kl+1 - |t+1]} :

The homogeneity of g( ) impliesthat k ,, = g,(k.I)k + g,(k.1,)I,. Updating this equation by one period to
eliminate investment in equation (11) produces:

o
(ks t+1)]k“1 ke

—}
9 (k1o 1) 9 (k1o i)

pt = Et IFn[,tdrl{pt*rl-'— [et+1fk(kl+1’Lt+l) +

Now use equation (9) in the above equation to simplify the middle term. This gives:

kg
9 (k. 1)

K2

—)].
9 (k.1 i)

(12) P,

= Et[n1[,1+1(pt+l -

Equation (12) can bewrittenas x, = E (m, , ;X%.,) Withx = p, - [k ,/9(k,1)].
The solution of this first-order difference equation (ruling out bubbles) is smply that x, = 0.
Thus:

k.
g (k. 1)

(13 p

Without adjustment costs we would of course have p, = k;,, whichimpliesQ = 1.
The gross return on equity can now be written as:

[kea/ g (kg )] + dy |

09 Ra k1! 9 (k1)

Employing again the homogeneity of f( ) and g() and equation (5) yields:
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Lo i) ki /8 (e )]+ BBk L) kg

B R k1! 0k, 1)

Canceling the k., term and adding superscripts i to indicate firm-specific differences provides a non-standard asset
pricing equation:

G (k.11 0)

e CICHRE
o' (k.1 1)

(16) R, = | 6.f (k.. L )+

Cochrane (1991) obtained equation (16) in the more specific context of a complete markets economy. His
intuitive derivation of thisresult isasfollows. The right-hand side of equation (16) represents the physical investment
return of firmi. It is obtained from a within-firm type of arbitrage: invest in the current period and then withdraw
enough investment in the next period to keep the capital stock for future periods equal to what it would have been without
the current period investment; the net payoff per unit extra investment in the current period is the investment return.
Itisequal to the output gain for period t+1 per unit of extrainvestment: [0, , f (t+1)] g,(t)—the marginal effect of
investment on the capital stock times the marginal effect of the capital stock increase in production; plus the gain due
toreductionin period t+ 1 investment that can occur (to return capital toitsoriginal level) because capital hasincreased:
[9(t+1)/g,(t+1)] g,(t) —themarginal effect of investment on capital timesthe marginal effect of period t+1 capital
on period t+2 capital divided by how much investment can be reduced in period t+1 to keep capital unchanged.

Some specific functional forms for the f( ) and g( ) functions provide a more concrete and operational asset
pricing equation. Cochrane (1991) used the following functional forms:

an f(k., L) = mpk k, + mpl L,
(18) gk, 1) = (1-8){k +~[1-(v/2)(1/k) T},
where mpk, and mpl, aretime-varying constants. Accordingly, equation (16) becomes:

Ty (/K )3

vy T
- Y t+1 +1

R.y = (1-8)| 6., mpk', +

Thus, asidefrom firm-specific productivity measureand amarginal product of capital measure, firm-specificinvestment-
to-capital ratios for two periods are necessary to explain the cross-section of returns.
A simpler assumption for the f() and g() functionsis:

19)  g(k.1) = (1-8) k117, f(k,L) = AkL "
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This functional form for the investment installation function makes sense since it implies homogeneity of degree one,
adepreciation rate of 8, a positiveimpact of the existing capital stock and apositiveimpact of current investment on the
future capital stock. The return then becomes:

RYy = [(1-0)a(y /v (% 1) + [ (1l /1]

Thus stock returns are wei ghted averages of output growth (with the output to investment ratio as part of theweight) and
investment growth.

(b) Empirical Tests of Investment-Based Asset Pricing

Aside from the aforementioned papers by Cochrane (1991) and Restoy and Rockinger (1994), not much
attention has been paid to Investment-Based Asset Pricing. Basu and Vinod (1994) extend the work of Balvers,
Cosimano and McDonald (1990) and Cochrane (1991) to ook at the effects of the degree of economies of scale on asset
pricing. Arroyo (1996) assumes a constant rate for discounting firm profits but extends Cochrane (1991) to consider
differential costsof financing. All of these papersin their empirical work look only at therisk free asset and the market
asset.

Braun (1991) considers the cross-sectional implications of the investment-based approach by, basicaly,
estimating equation (16) directly. Cochrane (1996) al so contemplatesthe cross-sectional implicationsof theinvestment-
based approach. He tests an equation similar to equation (16) above, but derived from a convex adjustment cost
specification rather than the “ costly transformation of investment to capital” approach employed by Cochrane (1991)
and Restoy and Rockinger (1994). Since marginal production costs are assumed constant and there are no technology
shocks, the regression, essentially includes the current and lagged investment-to-capital ratios as explanatory variables
only. Cochrane then examines the stock returns of the ten deciles based on size from CRSP plus the 3-month T-Bill.
He employs a Generalized Method of Moments (GMM) approach that does not directly incorporate the cross-sectional
variation of investment-to-capital ratios but uses dividend-to-price ratios and the term premium as instruments. The
complexity of the method makesit difficult to provide aclear assessment of theresults, but they appear to be competitive
with other less theoretical approaches.

Theoretically, at least, direct estimation of an equation like equation (16) involves asset returns that should
differ by firm-specific investment-to-capital ratio. An approach that istheoretically quite different would insist that, in
complete markets, the MRIS= MRIT (marginal rate of intertemporal substitution equals marginal rate of intertemporal
transformation). The stochastic discount factor can then directly be set equal to the MRIT which depends on aggregate
production factors rather than the MRIS used in the CCAPM which depends on aggregate consumption. As production
ispresumably measured with less error than consumption, the production-based approach would be expected to perform
better. The factorswould then be related to technology shocks, the capital stock, the labor stock, and other production
factors and could be obtained directly by employing the generalized Stein's Lemma if normality of the returns is
assumed. Assuch, theasset pricing model may provide evidencefor or against Real Business Cycletheory. Atthistime,
such an approach has not been attempted, neither for U.S. stock returns nor for stock returns across countries.
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n implicit assumption of the CAPM isthat the market betais constant over time. In the derivation of

the standard CAPM this assumption does not enter as there is only one period. However, in an

intertemporal context a specific assumption about the time series properties of the market beta must
be made. The conditional CAPM looks at the implications of allowing betato change over time.

(a) The Premium Beta

Consider an intertemporal CAPM model that allows betas as well as risk free rate and market premium to
change over time. Thismodel is based on Jagannathan and Wang (1996). Then we can write in principle:

(1) E of =1 +B1E ,8,
where: E ,e = E ,r" -1, B, = Cov ,(r),r,")/Var ,(r")

As Jagannathan and Wang point out, based on Merton’s ICAPM, other betas may be important if individuals want to
hedge against changes in the investment opportunity set. To avoid this complication, assume here that the market
premium of hedging betas is zero so that these can be ignored.

Ideally, asset pricing should take into account the information about the beta and market return at each point
intime. However, thisisdifficult and may bepractically infeasible. If wetake an easier approach and take unconditional
expectations in equation (1), we obtain:

2 Erti = rtf * EBit—lEet + Cov(E_,&, B_1)

where we used the definition of covariance to obtain the covariance term in equation (2) and also employed the Law of
Iterated Expectationsas describedin Appendix E. Thereisa“ standard” effect of the (expected) betaon expected return,
but in addition there is an effect related to the covariance of beta with the expected market return. This second effect
enters because assets that have higher betas when the expected market risk premium is higher should have higher
expected returns on average. Note that for the sake of simplicity we assume that atrue risk free rate exists so that this
rate moves perfectly predictably over time even though it need not be constant. The exposition in Jagannathan and
Wang does not make this assumption.

The conditional beta can be decomposed into three parts by regressing it on the difference between conditional
and unconditional market excess return:

©) Bit—l = EBit—l +Y' (. ,6-Eg)~ nit—l'
The partsthusare: (a) the unconditional mean beta; (b) the part that is correlated with the market excess return; and (c)

a part that has mean of zero and is uncorrelated with the market excess return, as follows from the properties of
regression. It follows by using the regression property that y' = Cov(BLl, E _,&)/Var(E, _,€) inequation (2) that:
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4 Er, =1/ +EB, ,Ee + vy Var(E ,e) .
Next define the “residual”:
® = or B ),
It follows from equation (1) that:
)  E g =E (") = 0.
Further, obviously, Etfl(sit Etflrtm) = 0. Taking unconditional expectations then yields:
©) Ee = E(gr,™) = E(g E,_,1,™) = 0.
Next use the factorization of betain equation (3) and combine with equation (5) to produce:
® or = E@) ")
Y(E ,e-Ee)(r"-r)+m (" -rh) +e.

Employ equation (8) to find the covariances between the return on asset i and the market return as well as between the
return on asset i and the conditional market return:

9) Cov(r,r™) = E(B;_,) Var(r,") + y' Cov[e (E, ,e -Ee),r"].

Note that the etaand epsilon termsvanish. The proof (under mild conditions) that the etaterm vanishesisrather tedious
and is omitted here. See Appendix A in Jagannathan and Wang (1996) for the formal proof. Similarly,

(10 Cov(r/,E_,r"™) = E(By y) Cov(r,",E_,r™) +

Y Cov[e (E ,e -Ee), E ,r"].
It is now easy to rewrite equation (4) as atwo-beta equation. First define the betas:
(11 B = Cov(r,,r™)/Var(r,")

& = Cov(r,,E,_,r,™/Var(E,_,r"™.
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SECTION 3. THE CONDITIONAL CAPM
Here &' isthe “ premium” beta. Use the beta definitions on the left-hand sides of equations (9) and (10):
Var(r,™)  Cov[e(E _,¢-Eg),r"]

(12 B = E(BL) ——— v - ,
Var (r,"™) Var (r,")

Cov(rtm, Et—lrtm) by Covle (K .8 -E®), E‘(—lrtm]

(13) & = E(By) _ -
Var(E,_,r.") Var (E,_,r.")

Thus, E(Bifl) and y' can be expressed as a linear function of B and &' and the result can then be substituted into
equation (4) to yield atwo beta formulation.

(b) Empirical Results

In testing their model Jagannathan and Wang assume somewhat doubtfully that the premium beta can be
approximated by the beta between the asset return and the yield spread between low-grade corporate bonds and high
grade corporate bonds. Supposedly, the conditional market return moves together with the yield spread pretty closely.
Thereason provided by Jagannathan and Wang isthat the business cycleisbest forecast by theyield premium (for which
there is some decent support) and that the market risk premium moves closely with the business cycle.

Thus, in effect, Jagannathan and Wang introduce a yield premium beta which has been shown to work in
previous studiesin explaining the cross-section of U.S. stock returns. Not surprisingly theresultsare quite strong. They
sort CRSP stocks by size and market betainto 100 portfoliosfollowing Famaand French (1992) using monthly datafrom
1963. They obtain an R? of 0.30 with the market betainsignificant while the premium betais highly significant. When
Jagannathan and Wang al so add a beta for human capital to better proxy for the market they obtain an R* of 0.55. When
the size betaand the book-to-market beta are added (together with the market beta forming the Fama-French three-factor
model), the results change little. The interpretation is that the CAPM is saved!
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