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RISK-SHARING BETWEEN AND WITHIN FAMILIES

By Fumio HAYASHI, JOSEPH ALTONJI, AND LAURENCE KOTLIKOFF!

This paper uses the Panel Study of Income Dynamics to test whether risk-sharing is
complete between or within American families. The tests accommodate a wide variety in
the configuration and availability of family data. The test results reject inter- as well as
intra-family full risk-sharing even assuming that leisure is endogenous or that leisure and
consumption are nonseparable.

KeyworDs: Risk-sharing, self-insurance, unbalanced panel, generalized method of
moments.

1. INTRODUCTION

THIS PAPER USES DATA from the Panel Study of Income Dynamics (PSID) to test
full risk-sharing across and within American families. Understanding the extent
of risk-sharing is important for assessing the performance of private insurance
markets as well as the efficacy of government social insurance policies. It is also
important to the proper modeling of the economy. Absent strong evidence to
the contrary, many macroeconomic analyses proceed on the assumption of full
risk-sharing.

Household data provide ideal ground for testing full risk-sharing. Controlling
for tastes and leisure, changes over time in the consumption of households who
are fully sharing risk depend on changes in their collective resources, but not on
changes in the distribution among them of those resources. Testing full risk-
sharing across a set of households simply requires examining the cross-section
correlation between their changes in consumption and their changes in re-
sources.

The PSID permits testing full risk-sharing among related as well as unrelated
households. This is because the PSID surveys, on an ongoing basis, not only
those original households included in its initial 1968 survey, but also those
households, called split-offs, that were formed after 1968 by members of the
original households. The PSID is, thus, a random sample of families, each
consisting of an original household and its split-offs observed over a number of
years. Being able to test family risk-sharing among related households is
important. Related households are likely to have much better information about
each other’s resources than are unrelated households and, thus, to be in a better
position to insure one another. But testing family risk-sharing with the PSID

"The authors are grateful to V. V. Chari, F. Diebold, M. Rosenzweig, and anonymous referees for
useful comments or discussions. The research reported here was supported by grants from National
Institute for Aging, National Science Foundation, and Center for Urban Studies and Policy
Research, Northwestern University. The former title of the paper is “Risk-sharing, Altruism, and the
Factor Structure of Consumption” (National Bureau of Economic Research Working Paper
No. 3834).
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requires addressing two imbalances in its data. First, the number of households
differ across families, and second, the number of times a household is observed
differs across households. Thus the PSID includes a wide variety of family types
differing in the pattern of missing household-years. One of the contributions of
this paper is developing a method to deal with the unbalanced nature of these
data.

There is a growing literature testing full risk-sharing. The earliest test appears
to be in Leme (1984), who examined aggregate consumption growth rates for a
cross-section of countries.? Two more recent tests, both of which are based on
the PSID, are those of Altug and Miller (1990) and Cochrane (1991). Cochrane
finds that changes in the log of food consumption (the only consumption item,
besides rent, recorded in the PSID) are significantly related to changes in
employment status and other indicators of household resources. He suggests
that this may reflect nonseparability of the utility function in food consumption
and leisure, rather than a rejection of full risk-sharing. Altug and Miller (1990)
take account of such nonseparability, permitting, in the process, leisure to be
endogenous. They fail to reject full risk-sharing.

However, the test of Altug and Miller has no power against a particular
alternative. Intuitively, they are testing the proposition that, at any given
moment in time, risk-sharing households will experience the same food con-
sumption change (adjusted for changes in leisure) regardless of their past
economic circumstances, as proxied by their past wages. But consider Hall’s
(1978) martingale hypothesis: households have no access to income insurance
and the only way to prepare against income uncertainty is self-insurance, that is,
through saving and dissaving in assets whose return is not perfectly correlated
with the household’s income. As is well known, households engaged in self-
insurance change their consumption only when they receive unanticipated
shocks to household resources, so the time-series correlation between consump-
tion changes and past wage changes is zero.> If we further assume that the
unanticipated shocks to household resources consist of a macro component
common to all households and an idiosyncratic component, then the cross-
section correlation between consumption change and past wage changes, too, is
zero. This is why Altug and Miller’s test has no power against this particular

2Recent tests of full risk-sharing using various micro data sets include Abel and Kotlikoff (1988),
Mace (1991), Nelson (1994), and Townsend (1994). As noted in Hayashi (1987), all papers that have
regressed consumption changes on current or lagged income or lagged income changes using micro
data have tested full risk-sharing implicitly.

*As pointed out by Hayashi (1987, p. 100 and Section 4), this assumes that the household can
repay the debt by negative consumption. If the nonnegativity constraint on consumption is imposed,
the solvency condition (that the terminal net wealth be nonnegative) becomes the liquidity con-
straint that the household can borrow only up to the present value of the worst possible draw of the
stream of future labor income. However, if the disutility of zero consumption is large enough, the
household will arrange its consumption plan so that the liquidity constraint is never binding and
Hall’s martingale hypothesis remains valid.
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version of self-insurance.* As described below, our tests overcome this difficulty
by using current and future wage changes to proxy current shocks to household
resources. The consumption change will be uncorrelated with these proxies if
households share risk, but will be correlated with these proxies if they merely
self-insure.

Altonji, Hayashi, and Kotlikoff (1992) also uses the PSID, but to study
altruism. However, their dynamic test of altruism also represents a test of family
risk-sharing. This test regresses households’ changes in food consumption on
their income changes as well as a fixed effect for the family. If family members
share risk fully, the change in a particular member’s consumption associated
with income changes will be fully captured by the family fixed effect. Therefore,
the highly significant income coefficient found by Altonji et al. can be inter-
preted as a rejection of family risk-sharing. However, there are two shortcom-
ings to their approach, both of which are addressed here. First, they assume that
food is additively separable from leisure. Second, they ignore the possible
endogeneity of leisure.

This paper makes several contributions. First, it entertains possible nonsepa-
rability in food consumption and leisure by using the 1985-87 waves of the PSID
to match the timing of food and leisure.’ Second, it exploits the implication of
full risk-sharing that one-year consumption changes are uncorrelated with the
wage rate at all leads as well -as lags. It does so by examining the correlation of
long changes (changes over extended periods of time) as well as one-year
changes in consumption and the wage rate. As emphasized above, exploiting
this restriction is essential for discriminating between risk-sharing and self-
insurance. Third, our methodology for studying long as well as one-year changes
also allows us to include in the sample all those family types for which full
risk-sharing produces testable restrictions.®

Our methodology can be summarized as follows. The PSID provides for each
family a vector specifying the consumption of each available household-year. If
preferences are iso-elastic, the logarithm of consumption adjusted for demo-
graphics and leisure is equal to the marginal utility of consumption. Hypotheses
such as full inter- or intra-family risk-sharing imply that the marginal utility has
a particular factor structure. For each factor structure, a linear transformation

*The instruments used in their test include not only lagged wages but also current housing
consumption whose changes may be correlated with unanticipated shocks to household resources.
But housing consumption is likely to be endogenous. If so, the inclusion of housing consumption
renders the test inconsistent. Besides the inclusion of current housing consumption, the instruments
used by Altug and Miller (1990) are essentially the variables used by many other studies on liquidity
constraints.

*In all the PSID waves, the period over which food expenditure is reported is in an early part of
the wave year. Consistent data on leisure concurrent with food are available only from the 1985-87
PSID waves.

®In addition, we relax assumptions about exogeneity of instruments such as lagged leisure. These
issues are addressed in detail in Ham and Jacobs (1994). See below.
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of short and long time-differences can be used to eliminate the factors from the
consumption vector. If the null hypothesis is true, the transformed consumption
will be uncorrelated with the wage rate which is a determinant of the marginal
utility. If it is false, transformed consumption will still involve the marginal
utilities, and so will be correlated with the wage rate. Since the transformation
can be tailored to any family type, this test is applicable to all families in the
sample; we do not need to restrict our test to families with the same number of
split-offs or to families whose households are continuously observed over the
same time period.

Our results rely on two different PSID panels. One is the panel of original
households used by Altug and Miller (1990). It contains all those original
households who were continuously in the survey from 1968 through 1981. In
using this panel, we first attempt to replicate Altug and Miller’s test statistic for
full inter-family risk-sharing. This is important because their study is notable for
its failure to reject full risk-sharing, with a p-value of 80%. The p-value we
produce is 12%, far lower than theirs but still very weak evidence against full
risk-sharing. Including the 1971-74 consumption change not used by Altug and
Miller and aggregating the zero correlation conditions over time brings the
p-value down to 0%, whereas controlling the consumption change for age brings
it back up to above 5%. If we add current and future wage changes to the list of
instruments, the p-value again drops to 0%. That is, we fail to reject self-
insurance at 5% but strongly reject full inter-family risk-sharing. The second
panel is drawn from the 1985-87 PSID, but it includes split-offs. We use this
panel to test intra- as well as inter-family risk-sharing. Full inter-family risk-
sharing, again, is strongly rejected. We also reject intra-family risk-sharing,
which reflects the basic fact that there is very little covariation in consumption
changes within families.

The paper proceeds in Section 2 by presenting our method of testing these
factor structures. Section 3 briefly describes the data, relegating a fuller account
to an Appendix. Section 4 reports our results. Section 5 summarizes our
principal findings and draws conclusions.

2. METHODOLOGY

2.1. Risk-sharing and the Factor Structure of the
Marginal Utility of Consumption

We begin by deriving the factor structure of the marginal utility of consump-
tion for two models of risk-sharing, full inter-family risk-sharing, which we refer
to simply as full risk-sharing, and full intra-family risk-sharing, which we call
family risk-sharing. The derivation of the factor structure under full risk-sharing
is well known (see, e.g., Townsend (1987)). We include it here for the sake of
completeness.

Under full risk-sharing, households have access to a full menu of contingency
claims. Let e, be the state of the world in period ¢ (or the date-event pair, to use



RISK-SHARING 265

Kreps’s (1990) terminology) and let C;(e,) and L, (e,) be consumption and
leisure, respectively, for household k from family i in e, The household’s
objective is to maximize the time-separable expected discounted utility

(2.1) Y Prob(e,)B'u; (C;(e,), Li(e)se,),

€

where the summation is over all possible date-event pairs. If g(e,) is the price of
a unit of consumption good in e, as of the current period, the household’s
lifetime budget constraint is

22)  Yqle)Cyle) =4, + YqleIwy (el = Lyle)l,

€ €

where A, is initial assets in the current period, w;(e,) is the real wage for the
head of household ik in date-event pair e,, and 1 — L, (e,) is labor supply with
the time endowment normalized to one.

The first-order condition for optimality with respect to consumption in e,,
C,(e), is

auik(cik(et)y Lik(e,); e,)
aC;(e,)

(2.3) Prob(e,) B’ = AyqQe),

where A,, is the Lagrange multiplier for the single lifetime budget constraint
(2.2) for household ik. Taking logs of both sides of (2.3), we obtain

2.4 6,.(e,) = A, +ple,),

where

duy(Cyle,), Lyle);e,)
9C;(e,)

(2.5) 6,.(e,) = log

is the log marginal utility in e, and
(2.6) Ay =log(A,), ple) =log(g(e,)) —log(Prob(e,)) —t-log( B).

That is, full risk-sharing implies that the log marginal utility for household ik
has a simple factor structure, consisting of two factors, one, A, representing
household ik’s lifetime resources and the other, p(e,), an undiversifiable aggre-
gate shock. We note here that the factor structure for the marginal utility of
consumption is derived assuming that households have the common discounting
factor B and common probability assessment Prob(e,) about future states of
nature. On the other hand, as is clear from the derivation, the factor structure
holds irrespective of whether leisure is a choice variable.

In the other model, family risk-sharing, efficient risk-sharing is not necessarily
possible between families. This is equivalent to a situation in which contingency

Here, C;;(e,) is a scalar. Generalization to a multi-consumption good case is immediate.
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claims are traded within but not necessarily between families. The security
prices can differ across families, so the first-order condition under family
risk-sharing is

Q7 8,(e) =2, +ple,).

Note the difference from (2.4)—the “p” factor can differ across i. This form of
risk-sharing is efficient in that the marginal utility is equalized within families.

For the rest of the paper, we take as given a particular history of the state of
the world, so that the dependence on the state can be represented by subscript
t. Then the first-order conditions implied by the two models of risk-sharing can
be written as

(2.8a) 6,,= Ay +p, (full risk-sharing),
(2.8b)  6,,= Ay +p;, (family risk-sharing).

L
For each factor structure, the unobservable marginal utility can be eliminated
with a suitable linear transformation, giving rise to sets of testable orthogonality
(zero correlation) conditions. The rest of this section derives these conditions,
showing how the form of the conditions depends on the presence of split-offs in
the data.

2.2. The Maintained Hypothesis
Consumption Equation

To establish the link between marginal utility and consumption, we assume
that the instantaneous utility function is the sum of two subutilities, the first of
which is

.9 (1 -py) I(Cikt)l_po(Lh,ikt)phpo(Lw,ikt)PwpoeXp( poi) (po>0),

where C,,, is food consumption by household & in family i at date ¢, L, ;, is
husband’s leisure, L, ;, is wife’s leisure, and 1, is a taste shifter. The second
subutility is a function of all goods except food, but can include leisures L, ;,
and L, ;. Therefore, the marginal utility of food consumption is the derivative
of (2.9) with respect to C;,,. The first subutility (2.9) does not have to satisfy the
concavity restrictions with respect to the husband’s and wife’s leisures; i.e., p;, or
p,, may be negative. This slight generalization of the utility function considered
in Altug and Miller (1990) permits both husband’s and wife’s leisures to interact
with food consumption. The taste shifter 7, consists of a vector of observable
household characteristics (b;;,) and an unobservable component (&;;,):

(2100 My, =bji, B+ &y
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Redefining 6, to be the log marginal utility of food divided by —p,, and
using (2.9) and (2.10), yields the consumption equation

QAD ey =i B+ 1y ke 05 F by ins P + Ot + 14
EZ:’kt‘S + oikt + Eikt»

where lower case letters ¢ and / are in logs, and

(2'12) Z;kt = (b;kt’lh,ikt’lw,ikt)’ 8’ = (B’a Phs Pw).

In (2.11) ¢ and [ stand for measured consumption and leisure, respectively. So, if
consumption and leisure are measured with error, the error term ¢, also
includes measurement errors in these variables.

Both the first-order condition (2.8) and the consumption equation (2.11) are
valid irrespective of whether leisure is freely chosen or is constrained to equal
zero or some other amount. Of course, if leisure is freely chosen or is measured
with error, then leisure is a variable whose endogeneity must be considered in
the estimation.

Exogenous Variables

As noted in the introduction, the PSID is a random sample of families, each
of which consists of an original household and its split-offs. Let K— 1 be the
maximum number of split-offs (so that families can have up to K member
households), and let 7' be the length of the panel. For any particular family,
household-year (k, t) may be missing either because household k does not exist
or because the household did not participate in the survey in year ¢.

To use the unbalanced panel of families, we need to specify the mechanism by
which these household-years are selected. Before doing so, however, we make
some assumptions about the error term. Specifically, we assume that the error
term &;, has mean zero and is independent of a vector of exogenous variables
X5 (to be specified below) for household 4 in year s:

(2.132) E(gy,) =0 (k=1,2,...,K;t=1,2,...,T),
(2.13b) £ix, is independent of x;; (k=1,2,...,K;t,s=1,2,...,T),
(2.13¢0) €;x, 18 independent of x;,, (k,h=1,2,...,K, k+#h;

t,s=1,2,...,T),

where expectations are taken here and elsewhere over the population of
families. Equation (2.13b) states that, for each household %, the exogenous
variables and the error term are independent at all leads and lags, whereas
(2.13¢) assumes the same, but for two different households k and 4 in the same
family. We require (2.13c) because our orthogonality conditions for family
- risk-sharing involve linear transformations of the consumption equations of
different households belonging to the same family.
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Our exogenous variables, apart from the constant, are demographics (b;,), a
vector of two variables for instrumenting the two leisures in the consumption
equation (denoted by g;,,), and a variable (w,;,) that proxies for the household’s
initial resources or wealth (i.e., the household’s initial assets plus the present
value of pre-transfer wages). Thus,

(2.14) x;kt = (b;kt’ g;kt’wikt)‘

We will use the wage rate for the resource indicator w;;,. In some specifications,
the g, is lagged leisure, in which case (2.13b) and (2.13c¢) are not satisfied for at
least some s greater than .8 In these specifications, we will not utilize those
conditions. With respect to the other exogenous variables, demographics (b;;,),
and the indicator of the household’s resources (w;,,), we do exploit the implica-
tion of (2.13b) and (2.13¢) that the error term ¢&;,, is uncorrelated with current,
lagged, and future values of the instrument.’

Sample Selection Mechanism

Turning to our assumed sample selection mechanism, let v;, be the perma-
nent component (if any) of the error term ¢;,, distributed independently of the
remaining component of &;,,, and let x;, = (x;1,..., X;7)'. Assume that there is
a function ¢,(v;, x;;) such that'

(2.15)  household-year (k,¢) is observed iff ¢,(vy,x;) = 0.

(If the instruments g,,, for leisure are lagged leisures, the x; in (2.15) is
understood to exclude g;,,.) We will refer to the set of available household-
years as the family type. Since the expectation of the time-difference A, ¢&;,=
& r.1+1— Eixe conditional on (v, ..., Uik, X;, ..., X;x) is zero by (2.13) and since
the family type is a function of (v;,..., 0k, X1, ., X;x ), We have, for any given
family type,

(2.16) E(A,&;,)=0 and E(x;,, A¢&;)=0
(t=1,2,....,T—1;s=1,...,T; k,h=1,2,...,K),

where it is implicit (as for all the expectations in Sections 2.3-2.6) that the
expectation is conditional on the given family type. We use this implication of
(2.13) and (2.15) repeatedly."

8For example, if g;;, = Ly k..~ 1» then (2.13b) and (2.13¢) do not hold for s =7+ 1.

°As noted in Section 3.2, in one of the two data sets we use, the wage rate is calculated as the
ratio of annual labor income to annual hours worked. If hours worked, which is also used to
calculate leisure, is measured with error, the calculated wage rate will be correlated with the leisure
measurement error which forms part of the error term &;,. In this case, (2.13b) does not hold for
t =s for the wage rate and hence is not used in the estimation. In our other data set, the wage rate
does not depend on the variables used for calculating the leisure in the consumption equation, so
this complication does not arise.

. 1%An example of (2.15) is that (k,t) is in the survey if the wage rate in the year is above some

threshold value.

"For more formal proof that (2.13) and (2.15) imply (2.16), see part (i) of Appendix 2.
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We emphasize that this assumption—that the sample selection is based on
the exogenous variables and the permanent component of the error term but
not on the remaining component of the error term—is made, often implicitly, in
virtually all panel data studies on consumption. For example, this assumption is
required to rule out sample selection bias in balanced panels. Panel data studies
that use cross-sectional variation in levels of variables make the stronger
assumption that sample selection is independent of the permanent components.

Our methodology developed below builds on the first-order condition (2.8),
the consumption equation (2.11), and the orthogonality conditions (2.16). These,
in turn, have been derived from the following list of assumptions: (i) agents have
the same discounting factor and probability assessments about the states of
nature, (i) the utility function is time-separable with the instantaneous utility
function that is separable between food and other goods except leisure, (iii) the
error term is independent of exogenous variables such as the wage rate, and
(iv) the probability of a household-year being included in the sample depends
only on the exogenous variables and the permanent component of the error
term.

2.3. Testing Full Risk-sharing on a Balanced Panel

To describe our procedure for testing the factor structure, we begin with the
familiar case of testing full risk-sharing on a balanced panel of length 7' that
excludes split-offs. Thus families included in the sample are of the same family
type: each family has exactly one household (so the index k is set to 1 in this
and the next subsections), and the household is observed for all T periods.

Combining the factor structure (2.8a) for full risk-sharing and the consump-
tion equation (2.11) and taking first time-differences, we can eliminate the
household-specific component of the marginal utility A;;:

(217 Ajcy, =412, 6+ (p 1 —p) + Ae,
= Az, 6+dim+ Ajgy, (t=1,...,T-1),

where Ajc;y, =¢; 1,41~ Cpp T=(y,..., ), m=Ap isa time-dependent
intercept capturing the change in the macro factor from ¢ to ¢+ 1, and
d,=(0,0,...,0,1,0,...,0)" is a T — 1 dimensional vector of time dummies whose
elements are all zero except for the rth element which is one.

Since the adjusted consumption change, Aic;;,— A,z}j;,6—d;m, equals the
change in the error term, 4, &, by (2.17), we can combine (2.16) for the family
type in question and (2.17) to generate a large number of orthogonality condi-
tions. If M is the number of exogenous variables (i.., the dimension of x;,),
these conditions are (T—1)+ T-(T—1)-M in number. As in most panel
studies, however, our sample size is too small to exploit all of them.”? Even if
the sample size were greater than the number of available orthogonality
conditions, the chi-square test statistic utilizing this many orthogonality condi-

211 one of our two data sets, T = 10, M = 13 for some specifications, and the sample size is 469.
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tions might have a very poor small sample distribution.”® For this reason we
consider a much smaller number of linear combinations of the available orthog-
onality conditions.

The set of orthogonality conditions we use is the following:

(2.182) E(Ajc;y,— A2}, 6—d,m) =0 (t=1,2,...,T-1),
or equivalently,

T-1

Y d,(Ajcy,— Az 6—dim)|[ =0

=1
(2.18b) E[ Alxilt’(AIC“t - AIZ:I,S - d;ﬂ')] = O (t = 1, 2,. ey T_ 1),

where A1x,1;( Xit,e41 " x;1,) is the first time-difference in the exogenous vari-
ables x;,, given in (2.14).1 These are (T — 1M + 1) linear combinations of the
available orthogonality conditions, 7 — 1 from (2.18a) and (7' — )M from (2.18b),
where M is the dimension of x;;,. They are more numerous than the parameters
(8,7). We use GMM (generalized methods of moments) to estimate the
parameters and test the null of full risk-sharing using the chi-square statistic for
overidentifying restrictions.!* This is equivalent to estimating the system of
T — 1 transformed consumption equations (2.17) with A,x;;, as instruments for
A,z;, in the tth equation. We use the time-difference, rather than the level, of
w;y, (the indicator of the household’s resources) as an instrument, because,
under most plausible alternatives to the null, including self-insurance, we would
expect consumption changes to be correlated with the resource indicator mainly
through its changes.

If the null is false, then (2.17) is no longer valid because taking time-dif-
ferences does not eliminate the household-specific component of marginal
utility from the consumption equation. In this case, the adjusted consumption
change, A,c;, — 4,z};,6 —d,m, involves the change in the marginal utility as
well as the change in the error term A4,¢;,. Therefore our orthogonality
conditions will fail under at least some alternatives. This is the basis of our test.

If the panel covers many time periods or if there are many instruments, then
the number of orthogonality conditions, (7' — 1)(M + 1), may still be too large
relative to the sample size. So we consolidate orthogonality conditions by
aggregating over time the (T'— 1) M conditions (2.18b) to obtain the following M

3The Monte Carlo simulation by Tauchen (1986) in a time-series context shows that the number
of orthogonality condition should be kept small relative to the sample size.

Y1f the instruments for leisure, 8ixs» are lagged leisures, the level in date ¢ — 1 rather than the
first difference from ¢ to # + 1 of leisure will be used, in which case the A, x;;, should be understood
to represent (A, b}y, g}1,, Aw;1,)’ where g;;, is leisure in date ¢ — 1.

BLet the (T—1)XM+1) orthogonality conditions be written as E[h,(8,7)]=0 where h,
is a (T —1X(M + 1) dimensional vector for family i whose first element, for example, is 4;c;; —
4,7}y, 8 —d;m. Given the GMM estimator, say (8, #), the chi-square statistic is: N-h'V~'h where h
is the sample mean over families of /,(8,#), V is a consistent estimate of the variance of A,(8, ),
and N is the number of families.
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conditions:

T-1
(219 E| Y Ax;y,(Acy,— Az, 8—d,m)|=0.

t=1

This need not entail a loss of information. In fact, under stationarity where the
expectations in (2.18b) are independent of ¢, this simple averaging is the optimal
way to combine temporal orthogonality conditions.

2.4. The Orthogonality Conditions Used by Altug and Miller (1990)

The orthogonality conditions used by Altug and Miller (1990) in their test of
full risk-sharing utilizing the consumption equation can be written as (2.18a) and
(2.18b), where the instruments are not the changes in the exogenous variables,
A x;;,, but a set of variables that includes lagged wage rates, w;,, , and
W1, 2> but not future wage rates. As shown in Hall (1978), under self-
insurance, the adjusted change in consumption from time ¢ to ¢+ 1 is unfore-
castable on the basis of information available at time ¢, which implies that the
time-series correlation between the adjusted consumption change and any
variable known in date ¢ is zero. Although, as first pointed out by Chamberlain
(1984) and subsequently emphasized by a number of authors, a zero time-series
correlation does not necessarily imply a zero cross-section correlation, the
cross-section correlation will also be zero if the stochastic environment faced by
the household is such that the unforecastable consumption change can be
represented by the sum of a macro component common to all households and
an idiosyncratic component. Therefore, under the joint hypothesis of self-
insurance and this assumed structure of the unforecastable consumption change,
the orthogonality conditions for the wage rate used by Altug and Miller (1990)
hold, and the test of full risk-sharing based on those conditions has no power
against this particular alternative hypothesis. In what follows we will refer to this
joint hypothesis simply as self-insurance.

2.5. Use of Long Time-differences

Even when the instruments include the contemporaneous change in the
wage rate, the orthogonality conditions for the wage rate, E[Aw;, -(4,c;;, —
A,z},,6 —d,m)] = 0, may have low power under the alternative of self-insurance
if the wage change is known one period in advance or if the short-term changes
in wages are dominated by transitory measurement error or transitory wage
changes. To avoid this possibility of low power of the test, we also utilize
time-differences over two periods or longer. Since long time-differences are the
sum of consecutive first differences, the 7th time-difference in the error term,
A &y, =&, .~ &1, can be derived from (2.17) as

Tl

Ae,=Acy —Az,6—(d+ - +d, )m,

T Cilt Tilt
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where d, is the T — 1 dimensional vector of time dummies whose ¢th element is
one. With orthogonality conditions of longer time-differences stacked on those
of one-year differences, (2.19) becomes:

T-7
(2200) E| ¥ Axy, {Acy— Az 8—(d,+ - +d,,._)w}| =0

t=1

(r=1,2,...,T—1).

" For example, for 7= 2, this is the expected value of the sum of T — 2 cross-prod-
ucts of overlapping two-year changes. The expected value is zero because it is a
linear combination of the zero moments in (2.16) for the family type in question.

By including long time-differences, we are utilizing the orthogonality condi-
tions that will fail if the adjusted one-year change in consumption is correlated
with either current or future one-year changes in the exogenous variables. For
example for =2, the cross-product of two-year changes, 4,x;,4,¢;,, (where
Ayen, = Agc, — D2y, 8 = (d, + d; )'m), equals Apxyy, - Aig; o0+ Ay,
A+ Aix; 1017418141+ A% 1,41 A&y, Under self-insurance, the ex-
pectation of the first term is zero. The expectations of the second and the third
terms are zero under self-insurance if concurrent changes in x are anticipated
by the household. The expectation of the last term, however, will not be zero
unless the household can anticipate one-period-ahead changes in x. Thus our
orthogonality conditions will fail under the alternative of self-insurance.

Regarding the other orthogonality conditions (2.18a), no new restrictions are
gained by considering orthogonality conditions of long changes associated with
time dummies, because they are linear combinations of (2.18a). However, to
anticipate our treatment of unbalanced data, we modify (2.18a) by adding long
differences to the sum:

T-1T-71

(2202) E| Y Y (d,+ - +d,,. ;)

=1 t=1
.{Afcilt - ATZ;U(S - (dt + - +dt+7-—1),77} =0.

Since long time-differences are the sum of one-year differences, these T — 1
restrictions are linear combinations of the T — 1 restrictions in (2.18a). Thus
(2.18a) and (2.20a) represent the same restrictions.

2.6. Testing Full Risk-sharing with Split-offs

Next we consider the case in which the common family type in the panel has
the same number, K, of member households and each household is observed
for all T periods. Rather than stacking the orthogonality conditions (2.20) across
different member households, which would lead to a proliferation of orthogonal-



RISK-SHARING 273

ity conditions, we aggregate them over households belonging to the same family
to obtain the following (7T — 1)(M + 1) conditions:

K T-1T-7

(2.21a) E[Z Y Y d+ - +d,, . )

k=171-1 (=1
{4 o= A, 2, 6 - (d, + -+ +dt+r—1)/77}] =0,

K T-71
(2.21b) E[ Z Z A—rxikt'{Arcikt - A,.Zéktﬁ— (dt t+ - +dt+7—1)’77}] =0
k=1 t=1

(r=1,2,...,T—1).

The sum in (2.21) is commutative in k, which makes our test robust to a possible
erroneous identification of the birth order of split-offs.

2.7. Family Risk-sharing

We now turn to the test of family risk-sharing whose factor structure is given
by (2.8b). As before, the time-invariant factor A, of the marginal utility 6, e can
be eliminated by time-differencing. In addition, the family-specific factor Dis
common to all member households can be eliminated by subtracting its family
average from 6,,. Let A_ stand for this time-difference /family fixed-effect
operator:

A pEike =4, & — (A &, + - + A &) /K for any variable £.

Then 4, 6,,, =0 under the factor structure (2.8b). Applying this operator to the
consumption equation (2.11) yields

(222)  Aey=A4cy - 4,7};,8,

which no longer involves the time-dependent intercepts.
The following (7' — 1)M orthogonality conditions

K T-71
223) E| Y ¥ Axy (A —4,2,8)| =0 (r=1,2,...,T—1),
k=1 t=1

which are obtained from (2.21b) by replacing the operator A, by A, and
eliminating time dummies, hold because they are linear combinations of the
zero moments in (2.16). We test the null hypothesis of family risk-sharing by
~forming the GMM chi-square statistic for the over-identifying restrictions im-
plied by (2.23).
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2.8. Treatment of Unbalanced Panel

It is now easy to show how to adapt our orthogonality conditions—(2.21)
under full risk-sharing and (2.23) under family risk-sharing—to an unbalanced
panel of different family types. We first describe the procedure and then make
some remarks.

If household-year (k,¢) is missing, we cannot calculate the changes that use
this household-year, 4 ¢, and 4. ¢, , . (r=1,...,T — 1), for any variable ¢.
We replace those incalculable changes by zeros, so that the sum in (2.21) is
defined for any family type. Then, under this redefinition of the sum, (2.21)
holds for any given family type, because it is a linear combination of the zero
moments in (2.16).! Therefore, the expectation, unconditional on the particular
family type, of the sum in (2.21) is zero, so that orthogonality conditions (2.21)
hold for all families in the unbalanced panel. .

Similarly for (2.23), if we redefine the time-difference /fixed-effect operator A,
to be the deviation from the average over member households for which the
time-difference can be calculated (see below for an example), the transformed
consumption equation (2.22) still holds. With this redefinition of the transforma-
tion A_, orthogonality conditions (2.23) hold under family risk-sharing for all
families in the unbalanced panel.

To illustrate the formation of the sum in (2.23), consider the family type
whose pattern of available household-years is as in Panel A of Table I. For
one-year changes (7= 1), (2.23) is the expectation of the sum of the follow-
ing four cross-products: {; ; g5, 2855 $i1,860 a0 386, Where = Ajxy,:
(Ajcip, — A2}, 8), and for £=x, ¢, and z

A~1 §i,1,85 = Al gi,l,SS - (Al §i,1,85 + Al 51,2,85)/2’

4, §i,2,85 =4, ‘51,2,85 - (A1 51,1,85 + 4 fi,z,ss)/2,
A~1 &i1,8 = 4, 1,86 — (4, & 1,8 T 4, ‘51,3,86)/2,
A~1 fi,s,ss =4 fi,3,86 - (4, 1,86 T 4 ‘51',3,86)/2'

For two-year changes in (2.23), the sum is set to zero because there is no
household pair for which two-year changes are observed over the same period.

Note that if we used only first differences to form orthogonality conditions, we
would be unable to exploit information available from households which, for
example, are observed every other year. In fact, any family that includes at least
one household observed at least two points in time is informative in testing full
risk-sharing, because two observations of the same household are enough to
eliminate the time-invariant household-specific factor A;. Our test of full
risk-sharing utilizes all such families because the sum in (2.21) is not zero for at
least one 7. This is the second benefit from the use of long time-differences, the

16 This follows straightforwardly from the law of iterated expectations. See part (iii) of Appendix 2
for a more formal proof.
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TABLEI
EXAMPLES OF FAMILY TYPES

Panel A . Panel B
k=1 k=2 k=3 k=1 k=2 k=3
t=1 v v n.a. t=1 Vv v n.a.
t=2 Vv v v t=2 n.a. v Vv
t=3 Vv n.a v t=3 Vv n.a. Vv

first being that the orthogonality conditions will fail under the alternative of
self-insurance.!”

Strictly speaking, for family risk-sharing, the first benefit is not fully realized
in our test. We provide in Appendix 2 a method to determine, for a general class
of linear factor structures including (2.8), which families are informative for
testing the factor structure and derive all the available orthogonality conditions
for those families. There are certain types of families our test of family
risk-sharing would miss. For example, consider the family type in Panel B of
Table 1. This family is informative because the following transformation elimi-
nates the marginal utilities under (2.8b): (6, 47— 6; 1 85) — (0,255 — 0;2,85) —
(6,,3,87 = 6;.3,86) = (Pig7 — Piss) — (Pigs —Diss) — (Pig7 —Pise) = 0. But such
families are missed by our test because the sum in (2.23) for this family type is
zero.!® However, in practice, our test misses no informative families because our
particular sample of 1,300 families includes no families for which the sum is set
to zero.

3. THE DATA

The original 1968 PSID sample contained 2,930 households representative of
the U.S. population.’® This PSID wave as well as all subsequent waves through
1989 are available in the 1989 PSID CD-ROM. Using this CD-ROM, we created
two panels. The first panel covers the three wave years 1985-1987. This choice
of years maximizes the number of split-offs and also provides us with data on
hours worked concurrent with food, data that are available only in those wave

Although not evident from their text, the method of replacing incalculable changes by zeros was
used by Altug and Miller (1990), as confirmed by a phone conversation with one of the authors.
Despite the requirement that only original households continuously in the survey be included, their
panel is not strictly balanced because food expenditure is missing for a dozen household-years due to
top-coding. Apart from the treatment of split-offs and the choice of instruments, an important
difference between our methodology and that of Altug and Miller is that they used only first
time-differences to form orthogonality conditions.

8 The rather arcane algebra in Appendix 2 obscures the intuitive link between the null hypothe-
ses and the restrictions on consumption changes we are testing. It did not seem worthwhile to
present this algebra in the text.

There is also a supplemental sample of 1,872 low-income households. Following Altug and
Miller (1990) and other studies, we do not use this low-income supplement.
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years.”’ The other panel is one that closely matches the panel of original
households used by Altug and Miller (1990, henceforth AM) and covers the
wave years 1968—81. We examine this panel to reproduce, as closely as possible,
the findings by AM and to highlight the difference our methodology makes. We
briefly describe each sample in turn.

3.1. The 1985-87 Panel

The sample selection procedure detailed in Appendix 1, when applied to the
three waves of the PSID, yields 2,253 continuously married households whose
husband or wife (or both) was in one of 1,300 original houscholds as a head, a
spouse, or a child. Those households, some of which are observed for less than
three years during 1985-87, represent 5,863 household-years, and can be divided
between original households headed during 198687 by the original head and
split-offs. A split-off is either a household whose head or spouse is an initial
child (to be referred to as a child split-off ) or a household of a divorced wife. We
refer to the latter type of split-offs and original households collectively as parent
households. Table II divides these 1,300 families by the number of parent
households and child split-offs, and Figure 1 presents the frequency distribution
of household-years. The most frequently observed family type is families with
three household-years, virtually all of which are families of just one household
observed for all three years.

Panel A of Table III lists and describes our key variables, and reports their
sample statistics. The important features of these variables, which are described
in more detail in Appendix 1, are the following. (i) Judging from the PSID
questionnaire, the period over which food consumption (FOOD) is reported
appears to be the month before the interview which took place in March, April,
or May for most households. Hours worked per week (HRSH, HRSW ), which is
available only for wave years 85, 86, and 87, is defined as the average hours
worked per week during the year of the wave up through the date of the
interview. It is thus reasonable to suppose that data on food and leisure
(calculated as 168 hours less hours worked per week) available from wave year ¢
are concurrent, covering roughly the same period of a few months within
calendar year ¢. For this reason the leisure in this panel will be called current
leisure. (ii) We use a measure of the husband’s potential wage rate (WAGEH) to
serve as an indicator of the household’s resources. In the majority of cases (56%
of household-years for parents and 84% for children), the husband’s hourly
wage rate from either the current or the last job is directly measured at the time
of the interview, and we use it as WAGEH. Otherwise WAGEH is the hourly
rate calculated from the previous year’s annual labor income (or pension
income if the husband is retired) and annual hours worked (set to 2,000 if the
husband is retired), also available from wave year ¢. This still leaves a substantial

*'We do not use the 1988 and 1989 waves of the PSID because they do not have data on food and
current hours worked.
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TABLE II
ENUMERATION OF FAMILIES BY TYPE, 1985—-87 PANEL

#Parent Households

0 1 2 Total
#Child split-offs = 0 0 554 15 569
#Child split-offs = 1 166 255 7 428
#Child split-offs = 2 56 137 2 195
#Child split-offs > 3 33 74 1 108
Total 255 1,020 25 1,300

fraction of household-years (about 15%) without WAGEH. Virtually all of them
are from retired households. If WAGEH is missing for the year for the
household, we set it to the average of available wage rates for the household.!

Since the PSID is a sample of families, not households, there can be a
correlation between households within families. Comparison of the total and
within-family variances of consumption and the wage rate in Panel B of Table
III indicates the extent of commonality within families. For both consumption
and the wage rate, the within-family variance is considerably smaller for levels
than for changes. A common factor that is present in levels disappears in
changes.

3.2. The 1968—81 Panel

This second panel was chosen to include original households whose head was
no older than 46 in the initial year, continuously in the survey, continuously
married, and worked every year. The excellent data appendix of AM allowed us
to follow their sample selection procedure and variable construction. However,
we were not able to reproduce exactly their sample: we produced a panel of 469
original households, whereas the panel used by AM has 434. Appendix 1 records
the discrepancy in each of the steps of the sample selection procedure. The
sample statistics for this panel are not reported here because they are similar to
those reported in Table 1 of AM.

Notable features of AM’s variable construction for the 1968—81 panel, which
we followed, are the following. Leisure and the wage rate are calculated
differently from the procedures we used in the 1985-87 panel and are based on
annual hours worked and labor income in the previous year, which are available
in all waves. That is, annual hours worked in year ¢ (available from wave year
t + 1) are used for calculating leisure (as 8,760 hours less annual hours worked)
for year ¢, and the ratio of annual labor income to annual hours worked in year

M'See Appendix 1 for more details on how the missing wages are estimated. The assignment of
WAGEH for missing cases introduces measurement error in WAGEH. However, note that measure-
ment error that is uncorrelated with measurement error in consumption and current leisure will not
lead to bias in the parameter estimates or the tests against the null. Measurement error will reduce
the precision of the parameter estimates and the power of the tests.
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FIGURE 1—Frequency distribution of household-years.

¢ (available from wave year ¢+ 1) is the wage rate for year ¢. Thus, the same
variable (annual hours worked) is used for constructing annual leisure and the
wage rate for the same year. Since the error term g, in the consumption
equation (2.11) includes measurement error in annual hours worked when
annual leisure thus constructed is used for the leisure variable in the consump-
tion equation, the wage rate is correlated with the error term. This is taken into
account in forming orthogonality conditions. To align consumption with leisure
derived from annual hours worked, AM calculates annual food consumption for
year t as 25% of FOOD from wave year t plus 75% of FOOD from wave year
t + 1.2 Therefore, in order to calculate all relevant variables for a year, one
needs two successive PSID waves. This, by itself, does not lead to a loss of
sample size because the panel is balanced in the first place. In contrast, in the
1985-87 panel, values of food and other variables for the same year are
available from a single wave.

4. RESULTS

We now report results from our tests of full risk-sharing using the 1968-81
panel of original households and the 1985-87 panel of original and split-off

" 2This is a dubious procedure because the period over which FOOD is measured is in an early
part of the wave year. In fact, results in Table VI suggest that taking moving-averages only obscures
changes in food consumption from one year to the next.
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TABLE III

279

A. List of Key Variables and Their Simple Statistics, 1985-87 Panel

1,300 Families
Parents Children
(1,070 households) (1,183 households)
Sample Size (Number of Household-years): 2,828 3,035
Std. Std.
Variable Description Mean Dev. Mean Dev.
AGE age of household husband 57.1 12.5 324 6.1
HSZ #persons in household 29 12 3.6 1.2
NADLT  #persons older than 17 years of age 23 0.65 2.0 0.24
NKIDS #persons aged 5 or less 0.06 0.28 0.75 0.84
NKID13  #persons aged 6—13 0.22 0.57 0.72 0.92
NKID17  #persons aged 14-17 0.25 0.53 0.14 0.43
FOOD current food expenditure at annual rate, $4,980  $2,469  $4,813  $2,056
in 1987 dollars
INCOME annual income in previous year, in 1987 dollars  $43,492  $37,815 $38,720 $26,236
WAGEH  current hourly wage rate, husband (excludes $13.8 $10.3 $11.8 $8.4
missing household-years)
HRSH current hours worked per week, husband 28.4 23.6 42.0 15.1
HRSW current hours worked per week, wife 159 18.7 23.1 18.6
WKSUH  fraction of weeks unemployed in current year 0.022 0.13 0.039 0.16
to interview date, husband
WKSUW  fraction of weeks unemployed in current year 0.014 0.10 0.028 0.14
to interview date, wife
HLTH 1 if husband’s health is “excellent” or 0.50 0.50 0.77 0.42
“very good,” 0 otherwise
HLTW 1 if wife’s health is “excellent” or 0.48 0.50 0.70 0.46
“very good,” 0 otherwise
B. Total and Within-family Variances of Consumption and Wage?
at Ie;:sl:iw:)hl?z\:vsleﬂl:olds #HO::T:V(::: v . Log FOOD Log WAGEH
with relevant level or change level or change Total Within Total Within
level, 85 484 1,237 0.189 0.162 0318 0.249
level, 86 491 1,251 0.179 0.154 0309 0.244
level, 87 486 1,243 0.190 0.158 0320 0.237
change, 85-86 418 1,044 0.103 0.098 0.071 0.071
change, 86-87 420 1,044 0.097 0.099 0.076  0.076
change, 85-87 400 994 0.117 0.115 0.093 0.101

For any variable, if £ikt is its value for household k from family i for year ¢, its within-family variance for year ¢t is
2T (i — £ /(Z;Ki — N)) where £, is the mean of £;, over k, K, is the number of households available in year ¢ in
family i, and N, is the number of families with K;, > 2. Since the families included in the calculation are those with at least
two member households, the number of families and households differ across rows. For the level of consumption and the
wage rate in 1985, for example, N,= 484 and L;K; = 1,237. The within-family variance can be greater than the total
variance due to sampling error. Estimated wage rate is used for household-years with missing wage rates.
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households. After rejecting full risk-sharing in both data sets, we use the
1985-87 panel to test the weaker hypothesis of family risk-sharing.

4.1. Testing Full Risk-sharing Using the 1968—81 Panel
of 469 Original Households

Most of the results reported in Table II of AM pertain to the orthogonality
conditions derived from three equations—the consumption equation, which is
similar to ours, a wage equation, and an equation of the equality of the marginal
rate of substitution between food consumption and leisure with the wage rate.
However, AM (see p. 560 of AM) also reports the chi-square statistic for the
orthogonality conditions of the form (2.18a) and (2.18b) derived from the
consumption equation alone. It uses eight first-differences in log annual food
consumption, 69-70, 70-71,74-75,...,79-80.2 We start by reproducing, as
closely as possible, AM’s findings. We then depart from AM’s specification by
including the 71-74 consumption change, consolidating orthogonality condi-
tions, specifying demographics in more detail, and using orthogonality condi-
tions that have more power against self-insurance.

In AM’s specification, household size (HSZ) is the only demographic variable
and husband’s leisure is excluded in the consumption equation, so the 4,z;;, in
the equation (2.17) of the (log) consumption change from ¢ to ¢+ 1 is the
change in HSZ and the change in wife’s log annual leisure. The instruments are
the 13 variables specified as set A in the note to Table IV. This set includes the
(log) wage rate for t—1 and ¢#—2 but not for ¢ or ¢+ 1 because of the
correlation between the wage rate and the error term ¢, mentioned in Section
3.2. The orthogonality conditions can be written as (2.18a) and (2.18b) where the
“A,x;,” is understood to be the level of the 13 variables. With 8 consumption
changes and 13 instruments, there are 112 orthogonality conditions, 8 from
(2.18a) and 8 X 13 from (2.18b). The number of parameters are the eight
time-dependent intercepts (the 7 in (2.18)) and the two coefficients & of A,z;,.
So the degrees of freedom total 102.

Column 1 of Table IV reports our estimate of & along with the chi-square
statistic.?* The wife’s leisure coefficient, which is the p, in the subutility
function (2.9), is estimated to be —0.41. A negative value for the parameter p,,
is consistent with the concavity of the instantaneous utility function, but it is at
odds with the interpretation of the subutility as the household production
function of a meal with the wife’s leisure as an input. Since our sample consists

BThere are only eight first time-differences because (i) the instruments for the adjusted
consumption change from ¢ to ¢+ 1 include variables for years ¢ —1 and ¢ — 2, (ii) AM calculate
annual food for year ¢ as 0.25 X FOOD, + 0.75 X FOOD, , ; where FOOD, is the value of food
available from wave year ¢, and (iii) the PSID has no food data for wave year 1973 so that annual
food cannot be calculated for 1972 and 1973.

2To calculate the weighting matrix in GMM, some initial estimates of the coefficients (8, 7) are
needed. Our initial estimates were obtained by GMM with the weighing matrix set at the sample
moment matrix of the cross products of the instruments and the unadjusted changes in consumption.
When we instead used the identity matrix for the weighing matrix, the chi-square statistic was 116.5.
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only of married couples with or without children, changes in the household size
are mostly due to changes in the number of (adult or nonadult) children in the
household. Thus our estimate of the AHSZ coefficient of 0.051 in column 1
implies that an additional child increases household food consumption by 5.1%.
The chi-square statistic of 118.7 with a p-value of 12.3%, although not repre-
senting a strong rejection, is substantially greater than the value of 90 (whose
p-value is 80%) reported in AM, partially (but not entirely) due to the fact that
our sample size is 469, while that of AM is 434.

This rather weak evidence against full risk-sharing, however, is not robust to
the departures we examined. The specification in column 2 adds the 71-74
change, increasing the number of consumption changes (and hence the number
of time-dependent intercepts) by one and the number of orthogonality condi-
tions by 14. This reduces the p-value from 12.3% to 0.044%. The small sample
property of the test statistic with this many orthogonality conditions may,
however, be poor. Column 3 uses the consolidated orthogonality conditions
(2.19) (where the A, x;,, is still the level of 13 instruments) to reduce the number
of orthogonality conditions to 22 (9 from (2.18a) and 13 from (2.19)). This
consolidation of orthogonality conditions produces an even lower p-value.
Consolidation without the 71-74 change (whose results are not reported in the
tablej also produced a fairly strong rejection with a p-value of 0.506% which
should be compared to the p-value in column 1.

The rejection might be due to possible endogeneity of some instruments. To
check this, we omit house value in ¢ and ¢ + 1 and rent in ¢ and ¢ + 1 from the
list of instruments for the equation of the (log) consumption change from ¢ to
t+1. We also omit wife’s wage in ¢+ —1 and wife’s annual leisure in ¢ —2
because their correlation with changes in wife’s annual leisure is very weak. We
also combine HSZ in ¢ and ¢+ 1 into a single variable A HSZ. This rather
drastic realignment, which reduces the number of instruments from 13 to 6,
makes no difference to the test results, as shown in column 4.

The strong rejection, however, gets overturned when we include the change in
AGE? in the consumption equation, as reported in column 5.2 The coefficient
of A; AGE? is highly significant, and full risk-sharing cannot be rejected even at
a significant level of 5%. Column 6 shows that including the change in (log)
husband’s annual leisure and expanding demographics by replacing household
size by the number of adults (NADLT which, as mentioned above, is essentially
the number of children over 17) and the age distribution of nonadult children
(NKIDS, NKID13, NKID17) produce similar results. It is interesting and reassur-
ing to note that the impact of children on household food is largest for
teenagers. The husband’s leisure coefficient is not precisely estimated.

Thus, evidence against full risk-sharing when appropriate demographic con-
trols are included appears weak. This is true even after the orthogonality
conditions are consolidated and the 71-74 consumption change is incorporated.

®The change in AGE is constant across households and is subsumed in the time-dependent
intercept.
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However, this is not surprising because the consumption change is paired with
lagged wage rates, but not with future wage rates. As we remarked in Section
2.4, the test of full risk-sharing using lagged wages, as formulated in column 6,
has no power because the same orthogonality conditions hold under the alterna-
tive hypothesis of self-insurance.? In fact, the model in column 6 is a test of
self-insurance insofar as it tests that the change in consumption, adjusted for
demographics and leisure, is uncorrelated with current and lagged values. Its
chi-square statistic shows that we fail to reject self-insurance.

Our next specification, then, replaces lagged wage rates in ¢ — 1 and ¢ — 2 with
the “bracketing” wage change from ¢ —1 to ¢+ 2. We do not use the wage
change concurrent with the adjusted consumption change because of the corre-
lation with the error term mentioned earlier for this panel. As reported in
column 7, this change of instruments makes an important difference. Now full
risk-sharing is rejected with a p-value of 0.211%. The specification in column 8
forces the orthogonality conditions to further depend on the correlation of the
current consumption change with future wage rate changes by including long
differences.”” With the same 8 instruments as in column 7, there are 81
orthogonality conditions, 9 from (2.20a) and 9 X 8 from (2.20b). The p-value
rises to 1.136%. Again, its small sample distribution may be poor. If we further
consolidate orthogonality conditions by aggregating (2.20b) over 7 (the length of
changes), the rejection gets very strong, as shown in column 9. The effect of
demographics is larger than in other columns. This can be explained as follows.
By aggregating over 7, we assign greater weights to orthogonality conditions
corresponding to long changes than in column 8 and certainly columns 1-7
(where the weight is zero). The garbling effect on consumption changes of the
moving-average operation in calculating the level of annual food mentioned in
Section 3.2 is less severe for long changes.

We conclude that when we use orthogonality conditions that have power
against the alternative of self-insurance, there is strong evidence against full
risk-sharing.

4.2. Testing Full Risk-sharing Using the 1985-87 Panel

We now turn to the 1985-87 panel of original and split-off households and
apply our technique for unbalanced panel to test full risk-sharing. Our choice of
the right-hand-side variables and instruments for this panel is different in
several respects from that for the previous panel and exploits the greater

% The problem is made more serious by the pre-dating effect of the moving average in calculating
annual food. The orthogonality condition for the wage rate for ¢ — 1 pertains to the correlation of
the wage rate in year ¢ — 1 with the change in annual food from year ¢ to year ¢ + 1, but this annual
change equals: 0.25 X (FOOD, , ; — FOOD,) + 0.75 X (FOOD, , , — FOOD, , ;) where FOOD,, avail-
able from wave year ¢, is food expenditure over a few months in an early part of year ¢.

“With this panel, for which annual food in 72 and 73 are not available, the time-differences
involved for 7= 2, for example, are: 69-71,70-74,71-75,74-76, ...,78-80. The wage rate change for
the 71-75 consumption change, for example, is from 70 to 76.
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availability of variables. First, we use for leisure the current leisure derived from
HRSH and HRSW (see Table III for definition), and accordingly use FOOD
itself, rather than the moving average of it, for food consumption. Thus food and
leisure are directly measured and concurrent. As in the previous specification,
the change in (log) leisure from year ¢ to ¢ + 7 is instrumented by the level of
annual leisure in year ¢ — 1. Second, WAGEH is the measure of the wage rate. It
is directly measured for the majority of household-years and may be a better
indicator of household resources. Third, we are able to control for health by
including indicators of health as part of demographics. Our test would be invalid
absent the inclusion of consumption taste shifters that are correlated with
instruments. The prime candidate for such variables is health, and indeed our
health dummies (HLTH, HLTW) are very strongly related to the wage rate.
Fourth, for this panel with no age restriction, we add AAGE® to account for
possible nonlinear effects of age on consumption changes.

To make clear the connection to the previous specifications and also to
highlight the effect of including the unbalanced data later on, we first test, in
column 1 of Table V, the same orthogonality conditions (2.20) as in column 8 of
Table 1V, using the subsample which includes only original households continu-
ously observed for all three years. The instruments are the set E’ specified in
the note to Table V. In this set, the change in the (log) wage rate is now
concurrent with the change in current leisure, rather than the “bracketing”
change in the previous specifications, because variables used for constructing
current leisure in this panel are not used for constructing the wage measure.
With 11 instruments and three time-periods, the number of orthogonal-
ity conditions is 24 (2 from (2.20a) and 2 X 11 from (2.20b)). With two time-
dependent intercepts and 10 right-hand-side variables, the degrees of freedom
are 12. Parameters are less precisely estimated here than in Table IV, reflecting
the shortness of the current panel. Household composition (NADLT,
NKID5-NKID17) has larger effects, most likely due to the fact that the food
variable here is not a moving average. The health dummies are significant and
have the right sign. The small chi-square statistic illustrates the difficulty of
rejecting full risk-sharing based only on original households.

If we expand the sample of original households by including 216 additional
original households observed two, but not three, points in time, the parameter
estimates in this time-unbalanced panel of original households are very similar
and are hence not reported in the table. The p-value falls to 4.815%.

In the next specification in column 2, split-offs are included, so the relevant
orthogonality conditions are those in (2.21). This is the largest possible sample
available from the 1985-87 PSID: 2,066 households from 1,251 families who
were observed at two or more points in time. Because the sample now includes
split-offs whose heads are much younger, the age coefficients change their signs,
reflecting the nonlinear effect of age on consumption changes. We can now
reject full risk-sharing fairly decisively. Here is a benefit of including all possible
family types in the sample.

We have used the previous year’s annual leisure to instrument the change in
current leisure for husband and wife. To check robustness with respect to the
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TABLE V
FuLL RISK-SHARING, SELF-INSURANCE, AND FAMILY RISK-SHARING, 1985—87 PANEL

1 2 3 4 5

orthogonality conditions (2.20) 2.21) 2.21) (2.21) (2.23)
null hypothesis tested full risk full risk full risk self fam. risk

sharing sharing sharing insurance sharing
sub-sample used original original & original & original & original &

households split-offs split-offs split-offs split-offs

time-balanced? yes no no no no
#families 697 1,251 1,251 1,251 500
#households 697 2,066 2,066 2,066 1,298
#1-yr changes 1,394 3,473 3,473 3,473 —
#2-yr changes 697 1,681 1,681 1,681 —
instruments (Ax;,)? set E' set E’ set F set F set E'
estimated coefficient of:°
ANADLT 0.093 0.097 0.095 0.10 0.066
[#adults] (0.019) (0.016) (0.016) (0.016) (0.034)
ANKIDS 0.099 0.071 0.062 0.072 0.039
[#persons aged 0-5] (0.055) (0.021) (0.023) (0.021) 0.031)
ANKID13 0.065 0.093 0.087 0.097 0.064
[#persons aged 6—13] (0.033) (0.018) (0.019) (0.019) (0.030)
ANKID17 0.13 0.12 0.12 0.12 0.070
[#persons aged 14-17] 0.027) (0.019) (0.019) (0.019) (0.035)
AAGE?/100 —0.035 0.006 0.001 0.009 —0.002

(0.049) (0.030) (0.026) (0.028) (0.033)
AAGE? /1000 0.025 —0.016 -0.011 —0.018 —0.038

(0.037) (0.024) 0.022) 0.022) 0.039)
AHLTH 0.051 0.031 0.025 0.028 0.001
[husband in good health] (0.018) (0.011) (0.011) (0.011) (0.019)
AHLTW 0.037 0.020 0.020 0.022 0.014
[wife in good health] (0.017) (0.011) (0.011) (0.011) (0.017)
Alog husband’s current 0.04 —0.04 -0.47 -0.19 -031
leisure 0.35) 0.19) 0.13) 0.20) 0.25)
Alog wife’s current —0.38 —0.40 —-0.24 -0.32 -0.16
leisure (0.45) 0.22) 0.29) 0.22) 0.26)
#orthogonality conditions 24 24 24 24 22
x? 20.0 30.4 31.6 20.2 28.9
degrees of freedom 12 12 12 12 12
p-value (%) 6.724% 0.242% 0.157% 6.374% 0.412%

#The set of instruments (besides time dummies) is:

Set E': ANADLT, ANKID5, ANKID13, ANKID17, AAGE?, AAGE?, AHLTH, AHLTW, previous year’s log annual
leisure for husband and wife, Alog(WAGEH ) (11 instruments).

Set F: ANADLT, ANKID5, ANKID13, ANKID17, AAGE?, AAGE®, AHLTH, AHLTW, AWKSUH, AWKSUW,
Alog(WAGEH) (11 instruments).

Set G: ANADLT, ANKIDS, ANKID13, ANKID17, AAGE?, AAGE®, AHLTH, AHLTW, previous year’s log annual
leisure for husband and wife, log(WAGEH ) for year ¢ (11 instruments).

Estimated time-dependent intercepts are not reported for columns 1-4. Standard errors in parentheses.

choice of instruments, we also tried the concurrent changes in the number of
weeks unemployed (WKSUH, WKSUW; see Table III for definition) as instru-
ments. There is evidence in the literature that unemployment is exogenous (see
Ham (1986)). This, however, does not mean that WKSUH and WKSUW are valid
- instruments, because they also depend on participation which may well be
correlated with unobservable preference shifters. But this problem is mitigated
by our use of changes rather than levels as instruments. With these caveats, the
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chi-square statistic in column 3 represents an equally strong rejection. The
leisure coefficients are still imprecisely estimated. If leisure is treated as exoge-
nous, the leisure coefficients for husband and wife are —0.29 and —0.11 with
much lower standard errors of 0.054 and 0.052, respectively. Estimates of other
coefficients are very similar, and the p-value of the chi-square statistic is
0.036%. Apparently the choice of instruments for changes in current leisure
does not affect the test of full risk-sharing.?®

The next specification in column 4 differs from that in column 2 in that the
change in the wage rate from ¢ to ¢+ 7 (r=1,2) in the instrument set is
replaced by the level in ¢. Since the current wage rate is known in date ¢, the
orthogonality condition (2.21) holds under self-insurance.”? The chi-square
statistic shows that we fail to reject self-insurance in this panel also. However,
the estimated subutility function with negative leisure coefficients, although
meeting the usual concavity requirement, is hard to rationalize. As already
mentioned, it does not admit the interpretation of the subutility as a household
production function of a meal. A more natural interpretation of the negative
leisure coefficient may be that the sample includes households prevented from
self-insurance due to liquidity constraints: households who have exhausted
assets to serve as a cushion would respond to exogenously reduced hours (hence
an increase in leisure) by decreasing consumption. For these households, the
leisure-adjusted consumption change may be uncorrelated with the wage rate
before the onset of the liquidity constraint. In this case, the test of self-
insurance has no power against liquidity constraints.

4.3. Family Risk-sharing

We turn to the test of family risk-sharing using the orthogonality conditions
(2.23). In this sample of 1,300 families, there are only 500 families that are
informative in testing the factor structure implied by family risk-sharing. The
reduction of the sample size is mainly due to exclusion of original households
without split-offs, which also explains why the average age of head in this
smaller sample is considerably lower (by about 5 years). Our test misses no
informative families because for each informative family in the sample the sum

BSince the early drafts of our paper were circulated, an independent study by Ham and Jacobs
(1994) has conducted a detailed investigation of full risk-sharing using the PSID. They provide
further evidence on whether correlation of the wage, lagged leisure, and the employment status with
the error term (unobserved preference components and measurement error in consumption or
leisure) may be responsible for our rejection of full risk-sharing and our rejection of family
risk-sharing in the next subsection. They use orthogonality conditions that involve unemployment
rates in the household head’s industry or occupation, which are unlikely to be correlated with the
error term. They strongly reject full risk-sharing. In view of their findings it seems unlikely that our
rejection is due to the use of invalid instruments.

®The change in health dummies is not instrumented because our attempt to instrument it by its
level produced very imprecise parameter estimates and a very low test statistic. In the 1968-81
panel, we did not use the current wage for year ¢ in column 6 of Table VI in testing self-insurance,
because it is correlated with the error term through the measurement error in annual hours worked.
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in (2.23) is nonzero for some 7 (= 1,2). With no time-dependent intercepts to be
estimated, the number of parameters is 10, and the degrees of freedom equal 12.
Parameter estimates as well as the chi-square statistic are not sensitive to the
choice of instruments for leisure changes, so we report in column 5 of Table V
the results with lagged annual leisure serving as instruments.

Family risk-sharing differs from full risk-sharing in allowing for the family-
specific component (p;, in (2.8b)) in consumption changes. However, the com-
parison between total and within-family variances in Panel B of Table III has
revealed the unimportance of the family-specific component. It is not surprising,
then, that family risk-sharing is rejected in column 5 almost as strongly as full
risk-sharing is in column 2, despite the considerably smaller sample size. This
corroborates the result in Altonji et al. (1992, Table 3), which uses the 1976—85
waves of the PSID, that the effect of income changes is significant in the
regression of consumption changes on contemporaneous changes in income
allowing for the family fixed effect. Our results show that family risk-sharing can
be rejected even after allowing for nonseparability of consumption and leisure
and the endogeneity of leisure. This is true even though restricting the sample to
the 1985-87 period in which consistent data on wages, hours, and consumption
are available results in a much smaller sample than that used in Altonji et al.
Our method permits us to make up for the loss of sample size by exploiting
additional orthogonality conditions implied by the null.

4.4, Additional Tests of Risk-sharing

Our results constitute strong evidence against full or family risk-sharing. But
the chi-squared statistic does not tell us how much (or little) risk-sharing there
is. Previous authors used the “variable addition” method to test full risk-sharing
by appending income changes in the consumption equation. In Nelson (1994),
for example, the (log) income change has a coefficient of 0.04 with a standard
error of 0.02 in the regression of the (log) food consumption change. However, if
leisure is endogenous or if food consumption and leisure are nonseparable, the
income change can be significant even under full risk-sharing. For the 1985-87
panel, the change in (log) wage rate does not have this problem. If we append
Alog(WAGEH) to the right-hand-side of the consumption equation in the
specification in column 2 of Table V, it picks up a coefficient of 0.076 with a
standard error of 0.023. The p-value rises from 0.242% without the addition of
Alog(WAGEH) to 4.192%, which suggests that the concurrent wage change does
not explain all of the change in the marginal utility. The wage change coefficient
rises to 0.136 with a standard error of 0.038 when Alog(WAGEH) is added to
the specification for family risk-sharing in column 5 of Table V. This can be
explained by the fact that the sample for column 5 is considerably younger; the
wage rate is probably a better measure of household resources for young
households than for older households.
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5. CONCLUSION

We have tested whether households fully share risk across or within families
using the Panel Study of Income Dynamics. Our test accommodates nonsepara-
bility of food consumption and leisure as well as endogenous leisure. Our
findings can be summarized as follows. First, contrary to AM’s results, we reject
full inter-family risk-sharing using data from early waves of the PSID, provided
we include in the test the restrictions that may fail under the alternative of
self-insurance. Second, if we require that consistent data on food, hours, and
wages be used for testing, the sample from the PSID is restricted to a short
period of 1985-87. Nevertheless, our method, using all the informative families
of the sample, produced a fairly strong rejection of both inter- and intra-family
risk-sharing. Third, we cannot reject the hypothesis of self-insurance. However,
the estimated interaction of consumption and leisure may be more naturally
explained by the existence of liquidity-constrained households in the sample.

Our result that there is no full insurance even among related households
should serve as a final blow to the complete market paradigm. Rejecting full
insurance, however, does not necessarily mean that there is no risk-sharing at all
between households. Future research should be directed to estimating the
extent of consumption insurance over and above self-insurance. The result in
Section 4.4 that the correlation between the leisure-adjusted consumption
change and the wage change is larger for younger households is consistent with
the view that the bulk of consumption insurance is due to self-insurance. Our
finding that a common factor within families that is present in the level of
household consumption cannot be found in consumption changes reinforces this
view.

Dept. of Economics, Columbia University, New York, NY 10027, U.S.A.,
Dept. of Economics, Northwestern University, Evanston, IL 60208, U.S.A.
and
Dept. of Economics, Boston University, 270 Bay State Rd., Boston, MA 02215,
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APPENDIX 1: DATA DESCRIPTION

1. THE 1985-87 PANEL

Households and Families. The 1989 PSID CD-ROM has separate single-year household files
(referred to as family files in the PSID) and a cross-year individual file. The single-year household
files contain household-level variables collected in each wave, and the single cross-year individual
file contains individual-level variables collected from 1968 to 1989 for all individuals who were ever
in the survey. Using the cross-year individual file, we select from the single-year household file
households whose head or spouse (i) is in the household in the survey year, (i) was either a head,
spouse, or a child in the initial survey, and (iii) was in a household in the nonpoverty sample of the
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initial 1968 survey. We do this for each of the sample survey years 1985-87 to create a file of 11,039
household-years. By construction we can associate each household-year in the file with a unique
initial member, an individual who was in an initial household. (If both head and spouse of a
household-year are initial members, we pick the initial member associated with the head.) A
household is defined as a set of household-years associated with the same initial member, and a
family is a set of households whose associated members are from the same initial household. The
1985-87 waves of the PSID yield 3,917 households from 1,819 families. We define an original
household to be a household associated with an initial head, whereas a split-off is a household that is
not an original household. A split-off can either be a household associated with a divorced wife or a
child split-off associated with an initial child. A parent household is either an original household or a
household of a divorced wife.

Sample Selection. From the file of 11,039 cases (household-years) we drop the following cases:

Female-headed married couples. In the PSID the husband is defined as the head. There are 19
cases in which the wife is the head, with no information about the husband.

Singles. We deleted singles and couples with changes in marital status during 1985-87 and kept
only married couples without marital status changes, resulting in a loss of 4,251 cases, which leaves
us with a sample of 6,769 cases (household-years).

Cases with missing values. We delete 16 cases for which the husband’s age or the date of interview
is missing. We then delete 102 cases with either missing values or data inaccuracy flags for food
components, and 609 cases with missing values for relevant variables needed to construct hours
worked (HRSH and HRSW defined below).

Extreme cases. We delete 9 cases for which either: annual food expenditure (food at home and
away from home, plus the value of food stamps) < $52, or weekly hours worked > 120 for husband
or wife. (There are 3 clear outliers whose food expenditure at home equals $52,000. Inspection of
their records led us to conclude that their food values are off by one digit, so we decided to divide
their food expenditure at home by 10.) We then delete 63 households accounting for 170 cases such
that for either FOOD or WAGEH (see below for definition) its one- or two-year change is greater
than 300% or less than —75%. (This exclusion from the sample of households with extreme changes
in FOOD or WAGEH did not affect results. For example, when these households are included, the
p-values in columns of Table V become: 6.704%, 0.289%, 0.118%, 6.598%, and 2.085%.)

This leaves us with a sample of 5,863 household-years, 2,253 households from 1,300 families.

Key Variables for Analysis: .

Age distribution of persons 17 years or younger (NKID5, NKID13, NKID17). This information is
created from the cross-year individual file. The single-year household files contain similar variables,
but they are about children of the head or spouse and exclude unrelated individuals.

Current food expenditure (FOOD). This is the sum of food at home, food away from home, and
food stamps, stated at an annual rate. The value of food stamps refers to the value in the month
before the interview which on average is in April but ranges from late February to late November.
Food at home and away from home are for an “average week.” Since questions on food at home and
away from home follow right after those on food stamps in the questionnaire, it is natural to assume
that the “average week” is taken by respondents to be one in the month or possibly recent months
preceding the interview.

Health dummies, husband and wife (HLTH, HLTW). The PSID since 1984 contains categorical
data on husband’s and wife’s health ranging from “excellent” to “poor.” For husband and wife, a
dummy variable is created corresponding to the answers “excellent” and “very good.”

Current hours worked per week, husband and wife (HRSH, HRSW). For the wave years 1985, 86,
and 87 only, the PSID collected data on hours worked in the current year of the survey, so that the
timing of food and leisure can be roughly matched. From data on the number of weeks worked to
the date of the interview and the average hours worked per week conditional on working, we
calculate total hours worked up to the interview date. We divide this by the number of weeks to the
interview date to obtain average hours worked per week (unconditional on working).
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Fraction of weeks to date unemployed or laid-off, husband and wife (WKSUH, WKSUW). There is
information available on the number of weeks in the current year up to the date of interview during
which the person was unemployed and looking for work or temporarily laid off. This is divided by the
number of weeks up to the interview date. For a very few cases in which the number of unemployed
weeks is not available (5 cases for the husband and 8 cases for the wife), it is set to 0.

Husband’s current wage rate (WAGEH). For most cases, it is the wage rate directly available from
the questionnaire. It is the average hourly wage rate in the current year of the survey if the husband
is salaried or paid by the hour on the main job or the hourly wage rate from the last job if the
husband is not working but this wage is available. This information is available for 56% of
household-years for parents and 84% for children. Otherwise WAGEH is the hourly wage rate
implied by wage income and total hours worked for the previous year (if greater than 10 hours)
reported in the current year’s survey, or else the previous year’s household pension income reported
in the current year’s survey (divided by total annual work hours of 2,000) for the husband. It is still
missing for 30% of household-years of parents and 2% of children. For most of them, the husband is
retired with no reported pension income. The remaining few cases are either that both the current
hours worked and the previous year’s annual hours worked are zero or that the husband is in a
family business. For each household with missing WAGEH, we estimate it as follows. For years for
which WAGEH is missing, we set it to the average of available wage rates for the household. For
example, if the household is observed for 85 and 87 and WAGEH is missing for 85, then it is set to
WAGEH for 87. If it is missing for all years for which the household is observed (716 cases), we set
WAGEH to $12.60 which is the sample mean of WAGEH. The number we assign does not affect
parameter estimates and test statistics for those specifications in Table V that use changes in
WAGEH. The number we assign does matter for the specification in column 4, which uses the level
of WAGEH as an instrument. When we assigned $3 rather than $12.60, the results did not change
substantially. The p-value in column 4 of Table V changed from 6.374% to 5.658%.

2. THE 1968-81 PANEL

Altug and Miller (1990) (hereafter, AM) created their sample from the 1968—83 cross-year
household (family)-individual file available from the 1983 PSID data tapes for current respondents.
We used the cross-year individual file and the single-year household files from the 1989 PSID
CD-ROM, which is a super-set of the 1983 tape, to create our sample. (We were able to produce the
same sample we created from the 1989 PSID CD-ROM when we used the 1968-87 cross-year
household-individual file available from the 1987 PSID data tapes.) As in AM, we were able to
create a file of 6,852 households who responded in the 1983 wave. From there we were able to
duplicate AM’s sample selection process only up to a point. Table VI records discrepancies between
AM and our procedure in the losses of households associated with each criterion applied consecu-
tively to the sample of 6,852 households.

The age distribution of persons 17 years or younger was created from the cross-year individual
file. This information, though not necessary for replicating AM’s results in column 1 of Table IV, is
used for other specifications in the table. For constructing annual food and the husband’s age, which
are necessary for replicating AM’s results, the following features might differ from AM’s construc-
tion. As mentioned in Section 3.2, AM defines annual food consumption as an average of food
expenditures available from two successive waves. We converted food expenditure for each year into
real terms before averaging, using the deflator reported in AM. Since the interview date is not fixed
across years, the change in husband’s age from one year to the next is not necessarily equal to one.
We forced the husband’s age to increase by one year from one year to the next to be consistent with
the fact that consumption and leisure are annual.

- There are 20 household-years whose annual food value is missing due to top-coding of food
variables in the PSID. Consumption changes that use those household-years are set to zero, as
explained in Section 2.8.
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TABLE VI
Losses
This
Criterion for Deletion AM  paper

Households in which there occurred a change in either the head or wife 4,912 4912

during the 16-year survey period from 1968 to 1983 '
Households that had been surveyed as part of the poverty sample 765 765
Households that had husbands older than 46 in the 1968 survey year 526 489
Households with missing data for the education of the husband 1 3
Unmarried households 68 73
Households with missing data on the age of youngest child 34 0
Households failing to satisfy the following condition: husband had positive 98

annual hours for every year of the sample period (1968-83), wife had positive

annual hours for at least one year
Annual hours were positive but average hourly earnings were zero, or vice 41

versa for some years 112
Annual hours exceeded 8760 for some years 0
Average hourly earnings for husband or wife were coded as 9’s in 1968, or 2

average hourly earnings coded as 9999 for other years
Number of households left 434 469

APPENDIX 2: DERIVATION OF AVAILABLE ORTHOGONALITY CONDITIONS

1. DERIVATION FOR A GENERAL CLASS OF FACTOR STRUCTURES

Consider a panel of N observations of length n. For any variable £, let an n-dimensional vector
& be the ith observation from the sample and assume the following relationship holds:

(AD) G=Z85+0,+5 (i=1,2,...,N),

where N is the sample size and Z; is an n X g matrix of observations of g variables from i. Here §;
and &, are unobservables, but 6; has a factor structure given by

(A2) 6, =T¢, + Gym,

where ¢; is a vector of unobservable factors of dimension smaller than n, I a conformable matrix
of known constants, G; a matrix of observables with n rows, and 7 a conformable vector of
constants. Substituting (A2) into (A1), we obtain

(A3) ¢;=T'$;+Z,6+ G+ e

We allow the panel to be unbalanced and assume that some rows of (¢;*Z;* G;) may not be
available. Let o; be an n-dimensional vector whose jth element is 1 if the jthrow of (¢;: Z;: G is
observable and is 0 otherwise. This o; represents the pattern of missing cases. If n; (<n) is the
number of available rows, we define an n; X n selection matrix S; by deleting rows of zeros from an
n X n diagonal matrix whose diagonal is ;. So S;S; = diag(a;), and, for any variable ¢, S;S; & is an
n-dimensional vector whose elements that are not observable are filled with zeros and S;; is an
n;-dimensional vector collecting observable elements of ;.

Let R(g;) be the matrix of orthonormal vectors spanning the null space of S;I'. That is, if
rank(S;I") # n;, R(0;) is an n; X (n; — rank(S; I")) matrix such that

(A4 R(0;)'R(0) =1 and R(c)'S;I'=0.
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If rank(S;I") =n;, then R(o;) is an n;-dimensional vector of zeros. Let L =n —rank(I"). Then
R(,) is n X L where t, is the n-dimensional vector of ones. We define an n X L matrix Q; by

(A5) 0;=R(4,)'S;R(a)R(,)'S;.

It can be shown that the rank of Q; is n; — rank(S;I"). Multiplying (A3) from the left by O} and
using (A4), we can eliminate the unobservable factors ¢; and obtain the following L transformed
equations:

(A6) Qic;=0,Z;5+ QG+ Qj¢;.

Note that, since the last matrix of Q) in (AS) is the selection matrix S;,(Qjc;, 0iZ;, QiG;) can be
calculated from the unbalanced panel.

To generate orthogonality conditions, assume that there exist m exogenous variables, whose
observations from i are an n X m matrix X, such that

(A7 E(X,® gl0;) = 0.

Let {; =SS, X; ® (Qjc; — Q.Z;8 — Q;G;), which is calculable from the unbalanced panel. We show
that (A7) implies the following L -m-n available orthogonality conditions:

(A8) Elvec({)lo;1 =0, and hence Elvec({)]=0.

To show this, note that ¢;=(S.S;® QX X;®¢) by (A6). Since S; and Q; are functions of
0;, E({l0;) = E[(S}S; ® QD E(X; ® &0))]1=0.

REMARK: If the pattern of missing cases o; is such that n; = rank(S,I"), then Q; is a matrix of
zeros and ¢; is O for all i with this ;. We call such o; uninformative. If the panel is balanced so that
o;=1, and S;=1,, then Q; =R and {; =X, ® R's,. Since the n X/ matrix R is of full column rank,
E(u; wiloy) is nonsingular where u; = vec({;). Therefore, if the probability that o; = ¢, is positive,
then E(u; w;) is nonsingular.

2. SPECIAL CASE OF (2.8a) oR (2.8b)

In the case considered in the text, elements of ¢ are household-years (k, t)’s with n = KT. Thus
o; can be interpreted as the family type. We order household-years first by k(= 1,..., K) and then
by t(=1,...,T). S0 & =C(&11> Eitaseres Eits-vos Eikts-+-» Eixr)- For full risk-sharing (2.8a), I'=A4
with rank(I") =K, G; = 15 ® I, where A = Iy ® 7. For family risk-sharing (2.8b), I'= (1, ® I} A)
with rank(I') =K+ T~ 1, and G;=0.

We show below that under either factor structure (2.8a) or (2.8b) the available orthogonality
conditions (A8) can be derived from (2.13) and (2.15) of the text without the aid of (A7). We do so by
showing that: (i) (2.13) and (2.15) imply (2.16), as claimed in the text; (ii) Q; is a transformation of
first differences; and (iii) (2.16) implies (A.8). Before proceeding, we introduce additional notation.
Let v;, be the permanent component of &, and m;,= &y, —Uy. Then & =Av;+ n;, where
v; = (;1,...,0;¢), and 7; is a KT-dimensional vector whose element corresponding to (k, t) is 7.
The first difference operator is a KT X (K(T — 1)) matrix D =F ® I where F is a TX(T'—1)
matrix given by

1 0 0 0

1 -1 0 0

wy F=|0 1 -1 0
0 0 1 -1

0 S0 1

(i) Since D'e;=D'Av;+D'n;=D'n;, X;®D'e;=(X;® D'XI® n;). Since by (2.15) o; is a
function of (v;, X;), E(X;® D'¢;l0;) = E[(X; ® D'XI ® n)|g;] = E{E[(X; ® D')XU @ n)lv;, X;1l0}} =
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E[(X; ® D")E(I ® n|lv;, X))|a;]. But E(I ® n;lv;, X;) = 0 by (2.13). Thus,
(A10) E(X;®D'sla;) =0,

which is a restatement of (2.16).

(ii) Since under either factor structure (2.8a) or (2.8b) I' includes A =(=1Ig ® 1), we have
Q;A=0.But D'A =0, rank(A4) =K, and rank(D) = KT — K, so (D : A4) spans the entire K7-dimen-
sional space. Thus columns of Q; are linear combinations of columns of D and so there exists an
(KT —K) X L matrix B; such that Q;=B.D'.

(i) By (A6) and (i), Qjc; — Qi Z;8 — Q;G;w = Qj&; = B}D's;. Thus ¢, = S;S,X; ® (Qic; — 0, Z,;6 —
QiG;m) =(S;S; ® BIXX;®D'g;). So E({la;) = E[(S}S; ® BiXX; ® D'¢)la;] = (S;S; ® BE(X; ®
D’glo;) =0 by (A10).

REMARK 1: Because of (i), the ¢ in the L-m-KT available orthogonality conditions (A8) just
derived from (2.13) and (2.15) can be written as

(A11) 4 =(8iS;®B)IX;® (D'c;, —D'Z;5— D'Gym)],

which makes it clear that the orthogonality conditions (2.21) or (2.23) of the text are linear
combinations of (A8).

REMARK 2: In the case of full risk-sharing (2.8a), L = KT — K. If 0; = 147, i.e., if the family has
no missing household-years, then S; = Iy, O; = R, so that D and Q; span the same subspace of the
KT-dimensional space. Thus the B; for this case is a (KT — K) X (KT — K) nonsingular matrix, so
that {;=(I®BjXX;®D'g;) is a nonsingular transformation of X;® D'e;. Thus the available
orthogonality conditions (A8) are equivalent to (A10) or (2.16).
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