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Abstract

The elasticity of intertemporal substitution is a parameter of cru-
cial importance for macroeconomic policy. The available macroeco-
nomic evidence on the value of this parameter for the US is conflict-
ing. Calibrated dynamic models require a value close to one of the EIS
to match the data, while estimated Euler equations concentrating on
high frequency fluctuations in consumption deliver much lower values
not significantly different from zero. Some recent empirical evidence
indicates that the well-known asset pricing puzzles might be solved by
considering consumption in the long-run. We extend these results to
obtain an empirical estimate of the EIS consistent with that used in
calibrated models.
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1 Introduction

The elasticity of intertemporal substitution (EIS) in consumption pins down
the response of consumption growth to fluctuations in the real interest rates.
It is a parameter of central importance in determining the link between
macroeconomics and finance. The EIS determines (i) the comovement be-
tween consumption and real interest rates over the business cycle and hence
the power of monetary policy in smoothing fluctuations in aggregate demand
in basic Dynamic Structural General Equilibrium models (see, for example,
Woodford, 2003, chapter 4); (ii) the importance of the macroeconomic effects
of capital income taxation (King and Rebelo, 1990) (iii) the importance of
the burden of government debt or unfunded social security (Hall, 1988).

As recently pointed out by Guvenen(2003), calibrated models and esti-
mated Euler equation deliver opposite views on this parameter. On the one
hand, the consistency of calibrated dynamic macroeconomic models with ag-
gregate data requires a large value of the EIS and, after the seminal paper
of Kydland and Prescott(1982) where the EIS was calibrated to 0.66, most
of the real business cycle literature uses a value around unity. On the other
hand, direct estimates of the EIS from the first order conditions for the so-
lution of the consumer’s intertemporal optimization problem deliver much
lower values: Hall (1988) argues that the EIS is very close to zero and sub-
sequent literature has provided further support to this evidence (Campbell
and Mankiw(1989), Yogo(2004)). The objective of this paper is to evaluate
how this conflicting evidence could be reconciled when the EIS is estimated
by concentrating on long-run consumption growth.

It is very well known that using high-frequency fluctuations in consump-
tion to estimate structural parameters of interest is problematic; some of the
best known puzzles in the macro-finance literature depend on the fact that
the single period Euler equation for US consumption generates implausible
and imprecise estimates of the taste parameters. A CRRA utility function
requires a risk aversion coefficient of about 40 to match asset price fluctua-
tions and short-term fluctuations in consumption. Even if that implausibly
high coefficient is accepted, the unconditional first two moments of the dis-
tribution of one-period consumption growth observed in the data require a
negative discount rate to generate plausible values for the risk-free rate.!

1See, for example, Campbell, Lo and McKinlay(1997) chapter 7, for an excellent dis-
cussion of the equity premium puzzle and of the risk-free rate puzzle.



The recent literature has produced some hope for matching consumption
growth and asset pricing fluctuations, without changing the basic assumption
of the standard models?, by concentrating on long-run consumption growth.

This literature has analyzed multiperiod Euler equations and cointegrat-
ing relations for consumption.

In the first strand, Parker and Julliard(2005) use the multiperiod moment
condition, which they consider a moment condition robust to measurement
error in consumption and simple "mistakes" by consumers, to find that this
model accounts for the value premium, i.e. the difference in average returns of
value vs. growth stocks. Bansal-Yaron(2005) also argue that average returns
of value vs. growth stocks can be understood by their different covariance
with long-run consumption growth. In fact, they examine long-run covari-
ances of earnings with consumption, rather than the covariance of returns
with consumption. Hansen, Heaton and Li(2005) show that the recursive
Epstein-Zin-Weil utility variety produces a model in which asset returns at
date t + 1 are priced by their exposure to the long-run consumption risk.
Importantly, clear microeconomic foundations are provided to the empirical
evidence in Bansal-Yaron(2005). However, the title of the Hansen et al. pa-
per ends with a question mark, which is justified by the empirical evidence
that the results on the differences between value and growth stocks depend
crucially on whether one includes a time-trend in the regression of earnings
on consumption.

The second strand of the literature examines long-run consumption and
asset prices from the perspective of a cointegrating relation.

Lettau and Ludvigson(1991), LL from now on, observe that the linearized
intertemporal consumer’s budget constraint implies that excess consumption
with respect to wealth, its long-run equilibrium value, should be positively re-
lated to future returns from the market portfolio and negatively to future ex-
pected consumption growth. LL observe that aggregate wealth—specifically
the human capital component of it—is unobservable. They then argue that
the important predictive components of the consumption—aggregate wealth
ratio for future market returns may be expressed in terms of observable vari-
ables, namely in terms of consumption, asset holdings, and current labor
income. Their model implies that the log of consumption, labor income,

2Ferson and Constantinides(1991), for example, obtain estimate of the EIS close to one,
althoug rather imprecisely estimated, by concentranting on conditional moments and by
introducing habit persistence in consumption.



and asset holdings share a common stochastic trend. They are cointegrated.
The parameters of this shared trend are the average shares of human capi-
tal and asset wealth in aggregate wealth. Under the maintained assumption
that expected consumption growth is not too volatile, stationary deviations
from the shared trend among these three variables produce movements in
the consumption—aggregate wealth ratio and predict future asset returns. LL
estimate a relation between cay (the excess consumption with respect from
its long-run target) and future stock market returns to find that cay is a good
predictor of future stock market returns.

It seems rather natural at thi stage to bring together the first order condi-
tions for the solution of the consumer problem with the linearized intertem-
poral budget constraint and extend the framework offered in LL to estimate
structural parameters. This is the objective of this paper. In fact, under
Epstein-Zin-Weil preferences, the solved-out consumption function can be
written as a relation between the log consumption-wealth ratio and expected
returns on wealth, that depends only on one parameter: the EIS. Therefore,
long-run fluctuations in consumption and in expected returns to wealth can
be used to estimate this parameter and assess if the success of the recent
literature in matching long-run consumption growth and asset pricing fluctu-
ations can be extended to the reconciliation of the conflicting macroeconomic
evidence on the EIS in consumption.

The rest of the paper is organized as follows. The next section derives an
explicit long-run consumption function by using the first order conditions for
the consumer optimization problem in the linearized budget constraint. The
following section deals with measurement issues and specification strategy
to derive an empirical specification to identify the relevant parameter of
interests. We then consider the empirical performance of the model and the
robustness of the results to some modification of the baseline model related
to the measurement of consumption and human capital. The last section
concludes.

2 Theory: the derivation of a long-run con-
sumption function.

Consider a representative agent economy in which all wealth, including hu-
man capital, is tradable. Let W, be aggregate wealth, i.e. human capital plus



asset holdings in period t, C; is consumption and R,, ++; is the net return on
aggregate wealth, i.e. the market portfolio. The accumulation equation for
aggregate wealth may be written as:

Wit1 = (1 + Rip1) (We — Cy) (1)

Define 7y, 141 = log (1 + R t4+1), and use lowercase letters to denote log
variables throughout. As LL we follow Campbell and Mankiw (1989) and as-
sume that the consumption—aggregate wealth ratio is stationary. In this case
the budget constraint may be approximated by taking a first-order Taylor
expansion of equation (1), to obtain

1
Ale = Tmt+1 + k + (1 — ;) (Ct — wt) (2)

p = 1—exp(c—w>

where k, is a constant of normalization, not relevant for the problem at
hand.
By solving (2)forward, we have :

T _Pk_ (3)

¢ — wy = L 1—p

ZP] (rm,tJrj - ACtJrj)
j=1

LL point out that (3) shows that the consumption—wealth ratio is a func-
tion of expected future returns to the market portfolio in a broad range of
optimal consumption models, so they concentrate in finding a proxy for ¢; —w;
and in assessing its performance for forecasting market returns. However (3)
is almost an identity, so the predictive evidence on LL is only partially in-
formative on consumer’s behavior: it tells us that expected consumption
growth does not fluctuate too much and that the proxy derived by LL, using
cointegration analysis, for ¢; — w; is not a bad one. Moreover, given that
the predictive regressions in LL relate ex-post realized stock market returns
at long-horizons® and excess consumption, their results tell us also that ex-
post realized long-run returns are somewhat correlated with ex-ante expected
long-run returns.

3Note that long-horizons returns are computed in LL just by cumulating period returns,
in other words by assuming that p = 1. Such assumption, as we will show in the next
section, is counter-factual.



In fact, it is possible to derive a relation between the consumption-wealth
ratio and expected future returns that allows the identification and estima-
tion of the EIS in consumption.

To do so, we follow the recent literature concentrating on multiperiod
Euler equation for consumption and consider the Epstein-Zin-Weil objective
function?, defined recursively by:

[}

v = {0-00T s (m )}

1_

0 = il
11

P

1 is the elasticity of intertemporal substitution, when 6§ = 1 we have the
familiar recursion and the model reduces to the time separable power utility
one. Note that only in this special case 1 is restricted to be equal to the
reciprocal of the coefficient of relative risk aversion ~.

The utility function and the budget constraint imply an Euler equation
of the form:

1= R {5(Cgl>;}e{m}w(m&m (4)

Where R; ;. is the return of the generic asset i. If asset returns and
consumption are homoscedastic and jointly lognormal, then we can derive
expression for the riskless real rate r;,.; and for the return of any generic
asset ;441 :

g—1 0 1
rfen = —logd + 5 Ty — 2¢203 + EEt (Aci1)(5)
o? Tic
Ey (rigs1) = rpepa + 5 = ‘9? +(1—=0)0im (6)

where o2 is the variance of the return on the generic asset i,02, is variance
of the return on the market portfolio, 02 is the variance of consumption

4The following derivation is standard in the literature, see Campbell et al. Ch.8, pages
319-320.



growth, o;. is the covariance between the return on asset i and consumption
growth and oy, is the covariance between the return on asset i and the
return on the market portfolio. By using (6)° in equation (5) to solve out for
future expected consumption growth in the intertemporal budget constraint
we obtain:

Ct—wt:(1—¢)Et 1—,0

o0
Zp]rm,tJrj
j=1

The solved-out consumption function (7) shows that the log consumption-
wealth ratio is a constant plus (1 — 1) times the discounted value of expected
future returns on invested wealth. The EIS parameter can be identified and
estimated from (7) given the availability of some proxy for future expected
returns. Values of the EIS v lower than one imply that the income effect of
higher returns dominates the substitution effect, while if 1) is greater than
one, then the substitution effect dominates and the consumption-wealth ratio
falls when expected returns rise. The combination of the intertemporal bud-
get constraints with the first order condition of the consumer optimization
problem under Eptein-Zin-Weil preferences makes the relation between excess
consumption and expected long-term returns tighter than in the intertem-
poral budget constraints. Moreover, it is now explicit that the correlation
between consumption and long-horizon returns depends on the combined ef-
fect of income and substitution effects. A positive relation implies that the
income effect dominates, this is what Lettau and Ludvigson meant when sta-
ting "...If expected consumption growth is not too volatile, stationary
deviations from the shared trend among these three variables produce move-
ments in the consumption—aggregate wealth ratio and predict future asset
returns...". Clearly the evidence in LL is suggestive of a value for the EIS
smaller than one, but the estimation of the linearized intertemporal budget
constraint cannot be helpful in reconciling the available conflicting evidence
on the empirical value of such parameter.

Solving out for expected consumption growth allows the estimation of
the intertemporal elasticity of substitution and provides an immediate in-
terpretation of the correlation between excess-consumption and long-horizon

®Note that (6)determines the risk premium, adjusted for a Jensen inequality term, in
terms of a weighted average of the Capital Asset Pricing Model and the Consumption
Capital Asset Pricing Model.



returns on the market portfolio. Empirical estimation of (7) is the natural
step to take at this stage. We shall devote the next section to this issue.

3 Measurement Issues and Identification Strat-
egy

The empirical estimation of the relation of our interest requires the solution
of a number of measurement issues and of an identification problem. In fact,
wy and 7, are not directly observed, moreover the identification of 9 is
possible only after having found a proxy for future expected returns on the
total wealth. Measurement issues are also relevant for ¢; as the theoretical
relation is derived for total consumption but most empirical investigations use
consumption of nondurable goods and services as the empirical counterpart
of ¢.

To illustrate how we take equation (7) to the data note that, following
Campbell(1996), we approximate the log of total wealth as:

wy = vag + (1 —v) hy

where v is a constant of linearization, equal to the average share of asset
holdings in total wealth, a, is the log of asset holdings and h; is the log
of human capital. While we have available data for financial wealth, the
measurement of h; is not immediate. To find an empirical counterpart of
this variable consider that labour income can be interpreted as a dividend
on human capital (see Julliard(2004)):

Hipn + Y
1+ R =
hyt+1 I,
Log-linearizing this relation around the steady state human capital-labor
income ratio (% = t — 1) we have:

Thi+1 = (1 - ,Oh) kn + P (ht+1 - yt+1) - (ht - yt) + Aytﬂ

By solving this relation forward and by imposing the transversality con-
dition we have:

he =+ Y o (A = Thies) + ko

=1



so the log of human capital to income ratio is determined by discounted
sum of future labour income growth and human capital returns.

Consistently with our linearization for wealth, the total return on wealth
can be approximated by:

Tt = Vlar + (L —0) e + Ky

we decompose the unobservable 7, ; into a part correlated with r,; and a
part orthogonal to it:

Tht = Bros + &

By substituting all these relationships in the optimality condition we have:

a—va—(1=v)y = Q=P)E > p 0+ (1=0)B)rau;| +h+
j=1
ZEtpffl (Ayt+j - ﬁra,tﬂ') + 1 (8)
j=1

o
i—1
n = E,p;z €i+j
Jj=1

where 7, is an unobservable stationary component.

Our strategy for identifying and estimating v» comes in two steps. We first
estimate a cointegrating relation between ¢;, a;,and y;.Such a cointegrating
relation is implied by the intertemporal budget constraint, that defines the
consumption-wealth ratio as a stationary variable. We then proceed to esti-
mate the following stationary VARY:

Xt = A-thl + Uy (9)
rm,t
_ | (a=q)
X = Ay,
ACLt

6We adopt a first order representation of our VAR, if the estimated VAR is of higher
order all following results are applicable to the stacked representation of the VAR



(9) is constructed by considering the stationary VAR representation of a
cointegrated system proposed by Campbell and Shiller(1987) and formally
derived in Mellander et al.(1993). In practice, we adopt the same VAR
estimated by LL and augment it by another stationary variable, the quarterly
returns on financial wealth.

The consumption function (??) puts a set of restrictions on the VAR that
can be exploited to estimate the parameter to our interest. In fact, we have:

ei:ath = (1 - ¢) Ey Zpi (U + (1 - U) ﬁ) e;Ath

+2Etp; (eh, — Bel) AX, (10)

where ecay , e.,and ep, are selector vectors for cay, rp,;,and Ay, cor-
respondingly ( i.e. row vectors of the length of the vector X, all of which
elements are zero except for the 2nd element of e[, and the first element of
ep, and the third element of €],which are unity). Since the above expres-
sion has to hold for general z;, and, given stationarity of the VAR, the sum

converges, it must be the case that:

cay (1 - @/)) (U + (1 - U) 6) e;pA(I - pA)_l + (elAy - 68;) A<I - phAz_l)
11

which implies:

Sl 1=pA) = (1 =) 0+ (1 =0} )l ey = ) AT ) (1)
12
by imposing the restrictions on the cointegrated VAR, conditionally upon
p, p, and v, 1 is identified and it can be estimated in the restricted VAR.
The estimation procedure considers jointly the forward looking consumption
function and a VAR used to generate projections of the relevant variables
and it avoids the problem of generated regressors that would be encountered
by a two-step procedure in which future expected variable are projected first
and then they are substituted in the forward-looking consumption function
to estimate the parameters of interest.
We shall apply our framework to three specifications:
1) A baseline model in which r,; = 744, bt = ¥, and ¢; = Ac, ¢ In this
case current labour income is the proxy for human capital, the only relevant

10



returns are those on financial wealth and the log of total consumption is
assumed proportional to log of consumers expenditure on durable goods and
services. This is the case considered by LL. The consumption function takes
the following specification:

v (1—0v)

k;_
s — Yo+ 0 p(k—p,,)

+ ﬁ + Uy (13)

_ (-9
Y = b\ E;

o
ijrm,t—i—j
j=1

The model predicts cointegration between consumption of non-durable
and services, financial wealth and labour income. The stationary VAR rele-
vant for the estimation of the EIS is:

Xt = AXt—l + u, (]_4:)
7na,t

X, = Cnit — %at + (1;1}) Yt
Ay
ACLt

and the parameter of interest is estimated by imposing the following re-
strictions on (14) :

(1—4)
A
Note that for this specification when 1) < 1 the income effect dominates

the substitution effect and excess consumption with respect to its long-run

equilibrium value implies positive expected returns on financial wealth. This
is the prediction of the model exploited by LL to show that excess consump-
tion is a good predictor of future stock market returns.

2) We augment baseline model to explicitly consider non durable expen-
diture, so we maintain the first two assumptions of the baseline case but we
relax the third one, ¢; = Ac,;. This is a relevant extension in that it has
been shown (Ogaki and Reinhart, 1998) that the estimates of the EIS are
downward biased when the intratemporal substitution between non durable
consumption goods and durable consumption goods is ignored.

In our derivation of the equilibrium relation for consumption in the pre-
vious two cases we have followed the assumption that the log of total real

Cay(l — pA) = e.pA (15)

11



consumption has been constantly proportional to the log of real consump-
tion of nondurable and services. The empirical evidence does not favour the
hypothesis of constancy for the parameter A in the relation ¢; = A¢, 4, . Time
variation in A does have some implications for our structural estimate of
the elasticity of intertemporal substitution 1, as this parameter is identified
conditional to an estimate for \.

Following the idea put forward by Fernandez-Corugedo et al.(2003) we
consider the possibility of capturing the time-variation in A by the fluctua-
tions in the relative price of durable goods to nondurable.

So we re-do our empirical exercise assuming a long-run linear relation-
ship between durable consumption, non-durable consumption and the rela-
tive price:

d
Ct = P1Cni — Dol

Our revised structural model is :

w A-w) ¢ (-9

Cnt — —— Q¢ —

1 ¢1 e ¢_1pt N ¢1

E, +hk+u  (16)

oo
ijra,t—kj
j=1

The cointegrating relation is now different in that it includes the relative
price of durable to non—durable goods. The stationary VAR becomes now:

X; = AX; 1 +wy (17)
S

cayndy

X = Ay,

Aay

Pl

W (1 -w) P2 4

caynd; = Cn,t_¢_at_ 5 yt—¢—pt
1 1 1

And the restrictions relevant to estimate the EIS are:

el,.(I —pA) = %e' pA (18)

cay T
1

3) Finally we further augment the model to consider the role of future labour
income in determining the value of human capital (See Julliard(2005)). In

12



this case we relax also the first two assumptions of case one. The consumption
function becomes now:

%Gt . (1 ;160)% _ Qﬁ_ip;i _ (1 ;lw)Et Zpy (v+(1—v)p) Fatsi| +

J=1

+¢%ZE¢/)?;1 (AYrrj = Brapes) + k +@9)
=1

Cn,t -

o0
i—1
M = E Pl €tes
7=1

The cointegrating relation is not different from case 2), and the specifi-
cation of the stationary VAR is the same, however the relevant restrictions
to estimate the parameters of interest become now:

clyT=pA) = S5 04 (1) ) lpAt - (e A~ 5eL0) (=) (1-p)
(20)

that shows clearly that excess consumption is now related to expected
returns on financial wealth, and expected labour income growth. As con-
sequence, the relevant variable to predict future returns on financial wealth
is not excess consumption but excess consumption minus discounted future
expected changes in labour income.

4 Empirical Results

Our empirical exercise concentrates on US data. We consider an extended
version of the Lettau and Ludvigson original data-set to analyze over the
period 1952:4-2003:2, quarterly observations for the following series: ¢, (log
of) real consumption of non-durable and services, a;,(log of) real financial
wealth, y: (log of ) real labour income,r,,; quarterly returns on the S&P
composite index, p¢ the relative price of consumer durable goods to non
durable and services.”

"The first three series are taken directly from the authors’ web-
sites: http://www.ny.frb.org/rmaghome/economist /lettau/lettau.html and

13



4.1 The Baseline Model

We start by adopting the LL specification and use a cointegrating relation
between the log of real consumption of non durable goods and services the
log of real financial wealth and the log of real labour income as a proxy for
the log of the consumption to wealth ratio:

Ct — Wy ~ Cpp — Baar — 5yyt = Cayy

Note that the parameters of the cointegrating relation will be [1, —(1/A)v, —(1/A)(1 — v)],

so we can identify A = —1—.
B,+8,
The results of the empirical analysis of cointegration are reported in Ta-

ble 1. The null of at most zero cointegrating relation is strongly rejected,
while the null of at most one cointegrating relation cannot be rejected by the
Maximum Eigenvalue test proposed by Johansen(1995). The estimated val-

ues for 3, and 3, take values of respectively 0.26 and 0.62, which are slightly
different form those reported by LL on a restricted sample®.

On the basis of our long-run analysis we specify an unrestricted station-
ary VAR, note that the representation is totally equivalent to a VECM but
it allows to impose directly the restrictions of interest on the estimated pa-
rameters determining the short-run dynamics of the system. In order to do
so we calibrate p = 0.955, this number is obtained as the complement to
one of the average consumption to financial wealth ratio (0.17) multiplied
by one-third. We multiply by one third the average consumption-financial
wealth ratio as the cointegration results suggest that the share of financial
wealth in total wealth is about one-third.

The results from estimation of the unrestricted and restricted VAR are
reported in Tables 1.2-1.3.

The results in Table 1.2 confirms the interesting properties of the data
on consumption, wealth, labor income and stock market returns explored
by LL. The asset growth equation shows that cay, predicts asset growth,

http://www.ny.frb.org/rmaghome/economist /ludvigson/
ludvigson.html. A detailed description on the construction of these series is provided in
the appendix to Lettau and Ludvigson(2001). The S&P composite index has been taken
from Robert Shiller’s webpage. The relative price of durable to non durables is taken by the
FRED Database at the Federal Reserve of St.Louis (http://research.stlouisfed.org/fred2/).
8In fact, if we run the Johansen procedure on the same sampl with LL we obtain
estimates numerically equivalent to those reported by LL.
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implying that deviations in asset wealth from its shared trend with labor
income and consumption uncover an important transitory variation in asset
holdings. The equation for stock returns confirms that cay; predicts asset
growth because the estimated trend deviation forecasts asset returns. There
is very little predictability of labour income growth, that in fact is less pre-
dictable than stock market returns. cay; reverts towards its mean but it does
so rather slowly. Table 1.3 shows that imposing the restrictions necessary to
estimate the EIS penalizes the log-likelihood very little, and that point es-
timates of the unrestricted coefficients are not significantly different from
those reported in Table 1.2. 1) is estimated rather precisely at 0.85. This a
value that is much higher than all those obtained by estimating Euler equa-
tion on short-term fluctuations in consumption and it is instead very close
to that usually adopted in calibrated dynamic business cycle models. On
the basis of this results we can clearly explain the positive relation between
excess-consumption and long-run expected returns originally found by LL.

4.2 The model with the relative price of durable goods
to non-durable goods

Ogaki and Reinhart, (1998) have shown that the estimates of the EIS are
downward biased when the intratemporal substitution between non durable
consumption goods and durable consumption goods is ignored. In our deriva-
tion of the equilibrium relation for consumption we have followed the assump-
tion that the log of total real consumption has been constantly proportional
to the log of real consumption of nondurable and services. We plot in Figure
1 the ratio of these two variables. The empirical evidence does not favour the
hypothesis of constancy for the parameter A in the relation ¢; = A¢, 4, .and
the estimate of \ derived directly form the data differs slightly from that im-
plied by the coefficients in the cointegrating vector, although the restriction

that 5, + 3, = % = 1_—%4 is not rejected in our full sample estimation of the
cointegrating vector. Time variation in A does have some implications for our
structural estimate of the elasticity of intertemporal substitution . In fact,
when we estimate our deep parameter of interest using GMM on the solved
out forward looking consumption function we keep A constant at the value
1/0.88 estimated from the cointegrating relation, therefore time variation in
A would cause time variation in our estimate of the EIS.

Following the idea put forward by Fernandez-Corugedo et al.(2003) we

15



consider the possibility of capturing the time-variation in A by the fluctua-
tions in the relative price of durable goods to nondurable. The graphical
evidence of Figure 2 shows that indeed this variable has the capability of
explaining the increase in the expenditure on nondurable that caused the
increase in A over the last part of our sample.

We implement cointegration analysis by augmenting by one variable, p,
the VAR originally considered by LL. The results of the cointegrating analy-
sis are reported in Table 2.1. The evidence is mixed in that it shows that the
results on the number of cointegrating relations is robust to this extension
of the model, but the null that the coefficient on p¢ can restricted to zero in
the cointegrating relation is rejected, although not strongly.

Table 2.2 and 2.3 reports the results from the estimation of the unre-
stricted and restricted stationary VAR, that now include one more variable
than in the baseline case. All the coefficient statistically significant in Table
1.2 and 1.3 are so in Table 2.2 and 3.3, moreover excess consumption has
also some predictive power for fluctuations in pf.The restrictions necessary
to identify the EIS can be validly imposed on the VAR and the point esti-
mate of 1) takes now a value of 0.77, which is not statistically different from
the 0.84 estimated in the baseline version of the model.

4.3 The model with future labour income

Finally, we extend the model to explicitly consider the role of future labour
income and future returns to determine the value of human capital. These
extensions do not alter the cointegrating analysis and the unrestricted VAR
estimated for the preceeding case but it does have some implications for
the specification of the restricted VAR and the estimation of the EIS. In
fact, when the role of future discounted labour income fluctuations is taken
on account to determine current human capital, two main modifications are
introduced in the baseline model. First excess consumption does not only
reflect higher future returns on wealth but also higher discounted labour
income growth, second the restricted model features two more parameters: (3,
that determines the relation between returns on financial assets and returns
on human capital and p" that determines how future incime growth and
returns on human capital are discounted. p" is usually calibreted at 0.955
in the available literature (see. for example, Baxter and Jermann(1997) and
Julliard(2004)) so we set this parameter equal to p. We are now left with a
different set of restrictions and just one additional parameter in the restricted
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model than in the baseline case. Given that we include labour income growth
in our VAR, the further set of restrictions is easily imposed on the VAR
coefficients. Then we conduct a grid search on values of § in the range
between 0 and 1. The empirical results show that the ( is rather difficult to
identify, as the likelihood functions is rather flat for the range of values we
have considered for this parameter. the likelihood peaks at 0.9, although the
height of the peak is such that all values between 0 and 1 are not statistically
different from 0.9. So some caution as to be exercised when interpreting the
results reported in Table 3, which refer to the case of g = 0.9. The estimated
EIS takes now the value of 0.77, which again show the robustness of our
original estimate to this extension of the model.

5 Conclusions

In this paper we have argued that it is possible to reconcile the conflicting
macroeconomic evidence on the magnitude of the elasticity of intertemporal
substitution in consumption. We have shown that estimated values of EIS
based on long-run US consumption fluctuations are consistent with those
needed to reconcile macroeconomic series generated by calibrated dynamic
models with the observed data. Our results are in contrast with the evidence
of a low EIS derived by estimating Euler Equation on high-frequency fluctua-
tions in consumption. They suggest that the recent evidence on the solution
of some well-known asset pricing puzzles based on empirical investigation
concentrating on the low-frequency fluctuations in consumption can be ex-
tended to derive estimated values of the EIS in line with those calibrated in
dynamic models. In particular, we have used a recursive Epstein-Zin util-
ity function and the linearized intertemporal budget constraint to derive an
explicit long-run consumption function. The forward looking consumption
function constitutes a tight relation between long-run stock market returns
and a cointegrating relation linking consumption to wealth. Such a relation
is determined by the elasticity of intertemporal substitution. The empirical
estimation of the forward-looking consumption function delivers a precise es-
timate of the elasticity of intertemporal substitution not far from one and it
shows that deviation of consumption from its long-run trend has indeed some
predictive power for long-run expected stock market returns. The empirical
results of an high value of the EIS are robust to explicit inclusion of non-
durable consumption in the empirical model and to the consideration of the
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role of future discounted labour income growth in determining the current
value of human capital.
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Table 1.1: The Baseline Model. Cointegration Analysis

This panel contains the results of the application of the Johansen (1995) proce-
dure allowing an intercept in the cointegrating vector and in the VAR. The panel
below reports the estimate of the cointegrating parameters and the result of the
cointegration test over different samples.

The Cointegrating Relation

Sample Cointegrating Parameters
1952:3-2003:2 Cnt a; Ys CONST
A= o.za}ro.ﬁz

vr=A%x026=0.3 1.000 -0.26 -0.62 -0.76

(0.029)  (0.03)

Cointegration Rank Test (Maximum Eigenvalue)

Hypotesized Max - Eigen 0.05
No. of CE(s) Eigenvalue  Statistic =~ Critical Value Prob.**
None* 0.16 34.86 22.30 0.0005
At most 1 0.07 14.56 15.89 0.0799

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level.
* denotes rejection of the hypothesis at the 0.05 level.
**MacKinnon-Haug-Michelis (1999) p-values
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Table 1.2: The Baseline Model. The unrestricted stationary VAR
1952:3-2003:2 Equation
Dependent Variable 7, Ay Aay cayy

Trmt—1 0.156  0.023  0.032 —0.007
(s.e.) (0.17) (0.019) (0.047) (0.014)
Ay -0.39 -0.002 -0.018 0.123
(s.e.) (0.69) (0.061) (0.189) (0.06)
Aay_q —0.046 0.038 —0.011 -0.015
(s.e.) (0.60) (0.077) (0.145) (0.045)
Cay—1 1.449  -0.019  0.347 0.872
(s.e.) (0.53) (0.075) (0.133) (0.05)
CONST —0.109 0.0067 —0.023  0.01
(s.e.) (0.046) (0.0065) (0.011) (0.004)
_2
R 0.09 0.07 0.06 0.73

Log Likelihood 2424.3
Table 1.3: The Baseline Model. The restricted stationary VAR.

1952:3-2003:2 Equation
Dependent Variable 7, Ay, Aa, cayy
Fingt—1 0074  0.029 0.019  -0.074 %52
(s.e.) (0.0852) (0.015) (0.038)
Ayi— —0.835 0.031 —0.08  0.835x% 3~
(s.e.) (0.49) (0.057) (0.18)
Aay_y 0.089  0.028  0.009  -0.089 x 5=
(s.e.) (0.34) (0.067) (0.113)
cayi—1 1.339  —0.01 0331 11339152
(s.e.) (0..44) (0.07) (0.126) °
CONST 0.029 0.0059 —0.021 0.010
(s.e.) (0.015) (0.006) (0.01) (0.004)
R 0.08 007  0.06 0.72
Log-Likelihood 2423.1
0 0.849
(s.e.) (0.038)

This table reports estimated coefficients (with standard errors within brackets)
from cointegrated sytem estimated by FIML. cay; is
cnt — 0.26a;, — 0.62y, — 0.76.

22



Table 2.1: The Model with the relative price of durables to non
durables. Cointegration Analysis

This panel contains the results of the application of the Johansen (1995) proce-
dure allowing an intercept in the cointegrating vector and in the VAR. The panel
below reports the estimate of the cointegrating parameters and the result of the
cointegration test over different samples.

The Cointegrating Relation

Sample Cointegrating Parameters
1952:3-2003:2 Cnt Qy Yt pdt CONST

Y1 = 0.3541r0.63
v=¢; ¥x0.35=036 1.000 -0.35 -0.63 -0.14 0.43

0y = o *0.63 = 0.65 (0.038)  (0.034)  (0.06)
Cointegration Rank Test (Maximum Eigenvalue)
Hypotesized Max - Eigen 0.05
No. of CE(s) Eigenvalue  Statistic ~ Critical Value Prob.**
None* 0.20 46.88 28.58 0.0001
At most 1 0.09 18.48 22.29 0.1568
Test of the null that the coeff on pd;=0 X2 (1) = 4.72(0.03)

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level.
* denotes rejection of the hypothesis at the 0.05 level.
**MacKinnon-Haug-Michelis (1999) p-values
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Table 2.2: The Model with the relative price of durables to non
durables. The unrestricted stationary VAR
1952:3-2003:2 Equation
Dependent Variable 7, Ay, Aay caypd;  Apd,

Tmt—1 0.16 0.023 0.033 —0.008 0.036
(s.e.) (0.18) (0.019) (0.05) (0.015) (0.017)
Ay, —0.44 —-0.012 —-0.043 0.13 —0.045
(s.e.) (0.80) (0.06) (0.22) (0.07) (0.07)
Aai_q —0.08 0.032 —-0.027 -0.01 —0.11
(s.e.) (0.62) (0.08) (0.15) (0.047) (0.07)
caypd;_q 1.37 —0.03 0.316 0.88 —0.006
(s.e.) (0.58) (0.08) (0.151) (0.05) (0.012)
Apd;_q 0.31 0.061 0.145 —0.05 0.342
(0.73) (0.10) (0.21) (0.07) (0.073)
CONST —0.10 0.008 —0.019 0.009 —0.002
(s.e.) (0.05) (0.007) (0.013) (0.004) (0.001)
_2
R 0.09 0.07 0.06 0.72 0.15

Log Likelihood 3122.7

Table 2.3: The Model with the relative price of durables to non
durables. The restricted stationary VAR.

1952:3-2003:2 Equation
Dependent Variable 7, Ay, Aay caypd, Apd,
i1 0.02  0.026 0003 -0.02%x=% 0.034
(s.6) (0.05) (0.018) (0.024) #1 (0.017)
Ay 0.099 —0.035 0.06 -0.099*1=% —0.039
(s.e.) (0.26) (0.065) (0.12) #1 (0.07)
Aa; 4 0.04  0.021 —0.009 -0.04%% —0.11
(s.e.) (0.20) (0.07) (0.07) #1 (0.06)
cayi_q 1.26  —0.072 023 1-126%x1% —0.006
(s.e.) (0.59) (0.078) (0.14) ° #1 (0.012)
Apd,_; 005 0.071 009 -0.05%x1=%  0.34
(0.24) (0.10) (0.11) #1 (0.07)
CONST —-0.09 0.011 —0.013 0.0006 —0.001
(s.e.) (0.05) (0.006) (0.012) (0.002) (0.001)
_2
R 0.07 0.07 0.05 0.95 0.14
Log Likelihood 2943.7
Y 0.77
(s.e.) (0.091)

caypdy is ¢, — 0.35a; — 0.63y, — 0.14pd; + 0.43.
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Table 3.3: Model 3. The restricted stationary VAR:1952:3-2003:2.

Equation
Dep. Var. 7,4 Ay, Aay caypd, Apd,
Pmi1 =005 0012 -0.007  0.05% =¥ x5~ - (=0.05—-5%0.012)  0.026
(s.e.) (0.07) (0.018) (0.03) #1P (0.018)
Ay, =052 —0.018 —0.032 0.52% =L % — - (-0.52 — 8 —0.018)  0.04
(s.e.) (0.35) (0.069) (0.18) #1p (0.061)
Aay_q —0.12 0.04 —0.037 0.12% =2 %3 — -+ (-0.12 — B* —0.037) —0.057
(s.€.) (0.26) (0.077) (0.097) 1P (0.07)
caypd,_y  0.73  —0.045 0.21 1-0.73 % w % 3 — (0 73— 5%021)  0.137
(s.e) (0.38) (0.085) (0.11) (0.048)
Apd, .y —0.11 0.052  0.06 0.11 % 1= ¢ * 3 — ( 0.11 — 3 % 0.06) 0.284
(0.35) (0.096) (0.16) (0.068)
CONST 0.02 0.005 0.006 —0.0009 —0.003
(s.e.) (0.007) (0.001) (0.002) (0.0008) (0.00089)
_2
R 0.07 0.04 0.04 0.95 0.14
LogL  2943.9
0.77 8 0.9
(s.e.) (0.09)

This table reports the sum of estimated coefficients from cointegrated sytem

estimated by FIML of the column variable on the row-variable, standard errors

for the sum are reported in parentheses. caypd; is

Cnt — O.35at

— 0.63y,
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Figure 1: Ratio between total consumption and consumption of
non-durable and services
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Figure 2: The relative price of durables to non durables goods
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