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This Internet Appendix provides additional results that are left out of the main text of the
paper. The appendix is organized as follows: Section 1 presents proofs of the propositions in
the main text of the paper. Section 2 performs an extensive principal component analysis and
shows that ratio habits explain the first principal component in the time series of correlations
and other asset pricing related time series. Section 3 shows the performance of the log price-
dividend ratio as explanatory variable instead of ratio habits. Next, Section 4 presents
regressions analysis that shows that model implied ratio habit or aggregate risk aversion
predicts excess returns in-sample and out-of-sample. Finally, Section 5 presents regression
analysis with portfolios sorted on size, book-to-market, and momentum instead of industry

sorted portfolios.

1 Proofs of Propositions

Proof of Proposition 2
We solve for equilibrium using the martingale approach (see Cozx and Huang (1989) and

Karatzas et al. (1987)). Each investor solves the static optimization problem

ax [ /0 N ept%%cj(t)wxu)wndt] (1)
[Camosmorfwmd. o
Y;(0)

where fy;(0) = V04V is the initial wealth fraction of investor type j. Necessary and

sufficient conditions for optimality are

Cy(t) = (e X ()7 5E()) 7 | (3)

where y; > 0 is such that

e[ [ s texren) S a] = o[ [Ceocoa]. @

e., that the budget condition holds with equality. To solve for equilibrium, it is convenient

to introduce an aggregate investor

w(C(t), X (t),1) = (5)
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s.t.
CL(t) + Cy(t) = C(t). (6)

From the first-order conditions (FOC) of the aggregate investor’s problem we have

o (ff((tt)) ) X = (1= ) (C;(H—g))> T xwn (7)

Defining the consumption share f(t) = CCL(%) of L investors and imposing market clearing,

FEquation 6, we can rewrite Fquation 7 as

1
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Proof of Proposition 4
First note that the utility function of the aggregate investor is defined through Equation 5.
The coefficient of relative risk aversion is

ucc(C(t), X(t), 1)

RO == ccm.xw.n < ¥

where uc and ucc denote the first and second partial derivative with respect to aggregate
consumption, respectively. To calculate R, we need to compute the partial derivatives of the
aggregate investor’s utility function. To this end, note that from the FOC of the aggregate

investor problem we have that
aupc(Cr,X(t),t) =(1—a) upgc(Cu, X(1),1). (10)

Consequently, we have that

uc(C(t), X(t),t) = a UL,C<CL,X(t),t)% +(1-a) UH,O(CH,X(t),t)%
= aupc(Cp, X(1),4) <% n %%)
= a ULVC<61L7,XV(25),t)7 (11)

where the second equality follows from Equation 10 and the third equality follows from dif-

ferentiating both sides of the market clearing condition in Equation 6. Next we calculate the



second derivative of the aggregate investor’s utility function

oC
uce(Ct), X(t),t) = a upco(Cr, X(t),t)a—CL. (12)
Define the absolute risk aversion of investor type j as
ujoc(C;(t), X(t),t)
A;(t) = —-=2 2 : 13
0= . X0, (19)
We have that
ucc(C(t), X (1), 1)
Alt) = —
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Thus, we also have that aa% = ;\AL(Q)' Similarly, we get that aaC—CH = AJLL(Z)' Using the fact that

aCL | 9Cy _ -
So + Ga- =1, we obtain
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Using R(t) = A(t)C(t) together with Equation 16, we find

R(Et) = ABDC()
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The absolute prudence of the representative investor, PA(t), is

_uccc(C(1), X (1), 1)
ucc(C(t), X(t),t)

PA(t) = (18)



Similarly, we define the absolute prudence of investor j as

_ujocc(C(t), X(t),1)
ujcc(Ci(t), X(t),t)

PA(t) =

To evaluate Equation 18, we need to calculate ucoc(C(t), X (t),1)

uccc(C(t), X(t),t) = 9 (a urc(Cr(t), X(t),1))

00?2
B d(a upcc(CrL(t), X(t),1)) a(ch(t)
- ac 2
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Similarly, we calculate

weee(C), X(1),8) = (1—a) umooc(Cult), X(8), 1) (a%féf”)
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Using Fquation 20 and FEquation 21, allow to compute
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Adding up Equations 22 and 23 and noting that 828(’;52@ + 828%’2“) =0, we get
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The relative prudence of the representative investor is

P(t) = PUHC)

(21)
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Proposition TA-1

Consumers’ consumption dynamics evolve according to

dC;(t) = C;(t) (ue, (t)dt + oc, (t)dZc(t) (26)
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shere () = () et + (1= 2 )t
v3 |+ (B) P (B2) o2,
o ()

Proof of Proposition IA-1
First, note that the individual consumption is only a function of aggregate consumption C

and the habit level X. By Ito’s lemma we have

9C;(t)
oC

0C;(t) 192C;(t)

dC;(t) = dC(t) + an X (1) + 5 aojz (dC(t))”. (27)

To evaluate FEquation 27, we need the partial derivatives 8gjc(t), 8%9 and 8260(;2(”. From the

proof of Proposition 2 we have that

oC;(t) _ Al

aC A1) (28)
and
PC;(t) A\ A(t)
oo =70 () 70 (3a) &
Neat, we compute
oCLt) _ DFCH)
0X 0X
= oWy ;%Y
af ( ) Ow
Qe dw X
where in the above we have used the fact that 2% = —ﬁ and %g) = f(t) (% - 1>.
Similarly, we get that 50w () () '
81;( = —Cx(t) (7—1{ - ) X0 (31)
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Inserting the partial derivatives together with the dynamics of C' and X into Equation (27)
yields the proposition.

Proof of Proposition 6
The expression for the state price density follows from the standard result that the state price

density is proportional to the marginal utility of the representative investor

§(t) = : (32)

Nezt, applying Ito’s lemma to uc(C(t), X (t),t) we obtain

duc(C(t), X(1),t) = uc(C(t), X (1), 1)dt +uco(C(t), X (t),)dC(t) +uex (C(t), X (1), t)dX ()

Fueco(O), X(0),1) (dO()°
= (ucc(C(t), X(t),)C(t)uc(t) + ucx(C(t), X (1), 1) X (t)Aw(t)) dt
+ (;UCCC(C(t),X( ),t)C(t)’cd + uot(C(t),X(t),t)) dt

+ucc(C(t), X(t),1)C(t)ocdZa(t). (34)

To evaluate Equation 34, we need in addition to ucc(C(t), X (t),t) also expressions for
uct(C(t), X(t),t) and ucx(C(t), X (t),t). First note that

uc(C(t), X(t),t) = —puc(C(t), X(t),1). (35)

Neat, we calculate ucx (C(t), X(t),t) as follows
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Since f(t) = f(w(t)), its derivative is given by f'(t) = df(;ift)). Next, we use the fact that

ac 2 (H)C dw L 9C A
acL(g) = fa(tc)(t)(t) = f(t)+Ct)f'(t) BC((?) = f(t) + f'(t) together with aCL(g) = AL(8)' Now,

note that we have that

ucce(C(t), X (1), t) = uc(C(t), X(t), )R(t)P(t) (37)

C(t)*

Inserting Equations 12, 35, 36 and 37 together with the corresponding dynamics of C(t) and
X(t) into Equation 34 we get

duc(C(t), X(t),t)
UO(C(t)v X(t)> t)

= = wlt) + R0 e~ X)) — JR (O Pl )
_R(t)ocdZe(t). (38)

Finally, matching the drift and diffusion coefficients in Equation 33 with Equation 38 we

obtain

H(t) = o mAe(t) + R (1) (e — Aw(t) — 3R (1) P(1)o% (39)
0() = R(t)oo. (40)

2 Empirics — Principal Component Analysis

We calculate the first principal component of the forty-five correlation series (PCA CORR),
the ten series of 3-year ahead excess returns (PCA EXR), the ten series of standard deviations
(PCA STD) and the ten series of quadratic variations of turnover (PCA QV) separately. To
calculate the first principal component of all the series, we compute the average of the four
sets of series to reduce the impact of the forty-five correlation series and obtain from the
averages the first principal component (PCA TOTAL). First, we regress the first principal
component of these four series onto model implied external relative habit. Second, we regress
the first principal component from all the series, PCA TOTAL, onto model implied external
relative habit.!

Table 1 shows the results from these principal component regressions. All regression co-

efficients show negative sign consistent with a heterogeneous consumer version of the model.

!The first principal component explains 54%, 86%, 87% and 71% of the variation in the 45 correlation
coefficients, 10 standard deviations, 10 quadratic variations of turnover and 10 three years ahead excess
returns. The first principal component explains 51% of the variation of the averages of the four series.



Further, all coefficient estimates for external relative habit show highly significant Newey-
West corrected t-statistics. The adjusted R-squared range from 14.06% to 40.95%. Our
results regarding excess returns are essentially unchanged if we correct the nominal short
rate with expected inflation instead of realized inflation.? Overall, we conclude that signs of

the coefficients as well as the explanatory power of the regressions support our theory.

3 Empirics — Log Price-Dividend Ratio Regressions

In our model the log price-dividend ratio is increasing in w, i.e., the relation represents a
one-to-one mapping. Indeed, the log price-dividend ratio leads to comparable results for the
principal component analysis, Table 2, as well as for regressions that explain the averages of

the series we study, Table 3.

4 Predicting Excess Returns In-Sample and Out-of-Sample

Model implied relative consumption forecasts excess returns in-sample and out-of-sample.
Because relative consumption does not include the level of market prices, it is unlikely to
produce spurious results. In the sense that relative consumption forecasts excess returns in
the model, it is a natural predictor of stock market returns.?
The relation between the excess return on the market portfolio and relative consumption
is
Corri(Ey(dRp(t) — r(t)),w(t)) <0, (41)
which is negative for most of the distribution of w. Hence, on average, the model implies
a negative relation between expected excess returns and relative consumption. A discrete

time formulation implies the following slope coefficient in a predictive regression

B, = CO’Ut(Et(RM,tH - Tt),wt)
t Var(wy) ’

(42)

which is negative whenever Equation 41 is negative. Therefore, the model predicts on average
negative relations between relative consumption and expected excess return of the market
portfolio as well as other portfolios.

The first three rows of Table 4 show the coefficient estimate, Newey-West corrected t-

statistics and the adjusted R-squared for in-sample regressions using relative consumption

2Model implied external relative habit and the real short rate show statistically significant negative
relation.
3Cooper and Priestley (2009) argue that it is important to link predictability to economic fundamentals.



from the heterogeneous investor economy as the predictive variable. The table contains 3
sets of regressions: 1 year excesses returns, 3 year excess returns and 5 year excess returns
with each set containing regressions for 10 industries using Kenneth French’s industry clas-
sification and the market excess return. Regressions include a constant with data ranging
from 1927 to 2009. The predictive impact of relative consumption is statistically significant
at least at the 10 percent level except for the following sectors: Non-Durables (five year
horizon), Energy (one and five year horizons), and Health and Utils for all horizons. Im-
portantly, all coefficients appear with negative sign favoring the model with heterogeneity in
risk aversion. The adjusted R-squared statistics indicate that regressions with significant co-
efficients explain at least 2.8 percent of the variation in excess industry and market returns.
Overall, adjusted R-squared statistics first increase when the prediction horizon increases, 3
year versus 1 year, but decrease when the prediction horizon is 5 years.

Next, we ask whether predictive regressions perform also out-of-sample by making nested
forecast comparisons. The comparisons are between a model which includes only the constant
and a model which includes a constant and relative consumption as a predictor. Theil’s U, in
the fourth row for each prediction horizon in Table 4, is the ratio of the root-mean-squared
forecast errors for the unrestricted and restricted models. A number larger than one for
Theil’s U indicates that the restricted model (with only a constant) has a lower root-mean-
squared error than the model with relative consumption as an explanatory variable. The
root-mean-squared error of the regressions which include relative consumption are always
lower than the regressions with a constant, except for Non-Durables (three and five year
horizons) and Health and Utilities for all horizons. Another standard out-of-sample test
is the MSE-F statistic which tests the null hypothesis that the MSE for the unrestricted
model forecasts is less than the MSE for the restricted model forecasts. The test statistics at
critical p-values 1%, 5% and 10% are 3.467, 1.636 and 0.819, respectively. The fifth row for
each prediction horizon in Table 4 shows the test statistics from our data. The ENC-NEW
statistic, in the 6th row for each prediction horizon, tests the null hypothesis that restricted
model forecasts encompass the unrestricted model forecasts. The test statistics at critical
p-values 1%, 5% and 10% are 2.566, 1.334 and 0.842, respectively. At the 10% level, we

obtain a picture very similar to the previous results.

5 Empirics — Alternative Portfolio Sorts

In the main body of the paper we calibrate the model to ten industry portfolios. According
to our model, stock market correlations, standard deviations and expected returns as well

as quadratic variation of portfolio policies have negative relation with w. This negative



relation, however, is independent of portfolio sorts. Therefore, we repeat the regression from
the main text of the paper and the predictive regression in Section 4, but use alternative
portfolio sorts. In particular, we consider ten portfolios sorted on size, book-to-market and
momentum, respectively. The Tables 5 - 10 confirm the prediction of our model and, thus,
show that our empirical results in the main text of the paper are not an artifact of industry

sorted portfolios.
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Table 1: Empirics — Principal Component Analysis. This table summarizes OLS
regression results (intercept, coefficient estimate and adjusted R-squared) of model implied
external relative habit as explanatory variable for the first principal component of indus-
try market correlations (PCA CORR), 3-year ahead expected excess returns (PCA EXR),
standard deviations (PCA STDV), quadratic variations of industry turnover (PCA QV),
and the first principal component of the four means of the respective series (PCA TOTAL).
Newey-West corrected t-statistics are in parentheses. Industry market correlations and stan-
dard deviations are calculated using a DVEC(1,1) model. Quadratic variations of industry
turnover are estimated by a GARCH(1,1) model based on log changes in turnover. Model
implied external relative habit is linearly interpolated from the heterogeneous consumer
model calibration employing annual consumption data from Robert Shiller’s web page. The
regressions use 996 monthly observations with data ranging from January 1927 to December
2009.

PCA CORR PCA EXR PCASTDV PCA QV PCA TOTAL

Intercept 0.5387 0.3617 0.3232 0.4423 0.1687
(2.9547) (3.6869) (3.0444) (6.7586) (4.7019)

Model implied external habit, w -3.3680 -2.2556 -2.0205 -2.7656 -1.0524
(-3.0384) (-4.0211) (-3.3327) (-7.9762) (-4.8871)

Adjusted R-squared 0.1406 0.1501 0.4095 0.2392 0.2719
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Table 2: Empirics with the Log Price-Dividend Ratio — Principal Component
Analysis. This table summarizes OLS regression results (intercept, coefficient estimate and
adjusted R-squared) of model implied log Price-Dividend ratio (pd) as explanatory variable
of the first principal component of industry market correlations (PCA CORR), 3-year ahead
expected excess returns (PCA EXR), standard deviations (PCA STDV), quadratic variations
of industry turnover (PCA QV), and the first principal component of the four means of
the respective series (PCA TOTAL). Newey-West corrected t-statistics are in parentheses.
Industry market correlations and standard deviations are calculated using a DVEC(1,1)
model. Quadratic variations of industry turnover are estimated by a GARCH(1,1) model
based on log changes in turnover. The regressions use 996 monthly observations with data
ranging from January 1927 to December 2009.
PCA CORR PCA EXR PCASTDV PCAQV PCATOTAL

Intercept 2.3209 0.8976 0.3122 1.5327 0.5088
(8.1551) (5.3126) (2.3408)  (13.0112) (8.7718)

pd-ratio -0.70161 027175 -0.094015  -0.46155 -0.15404
(-8.1361) (-5.3423)  (-2.5066)  (-14.1999)  (-8.7895)

Adjusted R-squared ~ 0.41733 0.14183 0.059489 0.45431 0.37974

Table 3: Empirics with the Log Price-Dividend Ratio — Averages. This table sum-
marizes OLS regression results (intercept, coefficient estimate and adjusted R-squared) of
model implied log Price-Dividend ratio (pd) as explanatory variable of the average of in-
dustry market correlations (Av. CORR), 3-year ahead expected excess returns (Av. EXR),
standard deviations (Av. STDV), and quadratic variations of industry turnover (Av. QV).
Newey-West corrected t-statistics are in parentheses. Industry market correlations and stan-
dard deviations are calculated using a DVEC(1,1) model. Quadratic variations of industry
turnover is estimated by a GARCH(1,1) model based on log changes in turnover. The re-
gressions use 996 monthly observations with data ranging from January 1927 to December
2009.

Av. CORR Av. EXR Av. STDV  Av. QV

Tntercept 1.007 0.3739 029082  0.59651
(25.3129)  (6.6404)  (7.1048)  (18.2762)
pd-ratio -0.094924  -0.089417  -0.028203  -0.11399

(-7.9479) (-5.1959)  (-2.4477)  (-12.6464)
Adjusted R-squared 0.38805 0.14389 0.057661 0.47446
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Table 5: Size Sorted Portfolios — Averages. This table summarizes OLS regression
results (intercept, coefficient estimate and adjusted R-squared) of relative consumption as
explanatory variable of the average of ten size sorted portfolio correlations (Av. CORR),
3-year ahead expected excess returns (Av. EXR), and standard deviations (Av. STDV).
Newey-West corrected t-statistics are in parentheses. Size sorted correlations and standard
deviations are calculated using a DVEC(1,1) model. Relative consumption is linearly inter-
polated from the heterogeneous investor model calibration employing annual consumption
data from Robert Shiller’'s web page. The regressions use 996 monthly observations with
data ranging from January 1927 to December 2009.

Av. CORR Av. EXR Av. STDV
Intercept 0.92608 0.17465 0.3775
(134.7149)  (7.4878) (9.2808)
Relative consumption, w  -0.083886 -0.6404 -0.92581
(-2.057) (-4.7258) (-3.957)
Adjusted R-squared 0.038919 0.10923 0.44339

Table 6: BM Sorted Portfolios — Averages. This table summarizes OLS regression
results (intercept, coefficient estimate and adjusted R-squared) of relative consumption as
explanatory variable of the average of ten book-to-market sorted portfolio correlations (Av.
CORR), 3-year ahead expected excess returns (Av. EXR), and standard deviations (Av.
STDV). Newey-West corrected t-statistics are in parentheses. Book-to-market sorted corre-
lations and standard deviations are calculated using a DVEC(1,1) model. Relative consump-
tion is linearly interpolated from the heterogeneous investor model calibration employing
annual consumption data from Robert Shiller’s web page. The regressions use 996 monthly
observations with data ranging from January 1927 to December 20009.

Av. CORR Av. EXR Av. STDV
Intercept 0.89778 0.28147 0.37096
(82.2972) (4.2825) (9.1625)
Relative consumption, w -0.19937 -0.91342 -0.96231
(-3.1788) (-2.5318) (-4.1551)
Adjusted R-squared 0.10979 0.096109 0.49111
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Table 7: Momentum Sorted Portfolios — Averages. This table summarizes OLS re-
gression results (intercept, coefficient estimate and adjusted R-squared) of relative consump-
tion as explanatory variable of the average of ten momentum sorted portfolio correlations
(Av. CORR), 3-year ahead expected excess returns (Av. EXR), and standard deviations (Av.
STDV). Newey-West corrected t-statistics are in parentheses. Momentum sorted correlations
and standard deviations are calculated using a DVEC(1,1) model. Relative consumption is
linearly interpolated from the heterogeneous investor model calibration employing annual
consumption data from Robert Shiller’s web page. The regressions use 996 monthly obser-
vations with data ranging from January 1927 to December 2009.

Av. CORR Av. EXR Av. STDV
Intercept 0.8573 0.21641 0.3113
(60.3286) (4.8501) (8.0865)
Relative consumption, w -0.18107 -0.40609 -0.63045
(-2.135) (-1.6217) (-2.9175)
Adjusted R-squared 0.052038 0.029092 0.28267
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