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ABSTRACT. Recent research on household ‘vulnerability’ has led
to an increased appreciation of the welfare costs of risk. Measuring
the risk borne by a particular household has generally involved the
use of panel data, and in particular the use of time series variation
in household expenditures to estimate the risk borne by the house-
hold in any given period. This has led researchers to focus on static
measures of vulnerability, since once used to identify the distribu-
tion of consumption expenditures in a single period the time series
variation can no longer be used to describe the intertemporal profile
of the distribution of consumption expenditures—simultaneously
estimating inequality, risk, and time series variation in household
vulnerability requires the additional structure of a dynamic model.
Unfortunately, our present understanding of the economic circum-
stances in which most poor households are situated seems too lim-
ited to permit general agreement on what the right dynamic model
is. While research on the development, estimation, and testing of
such models ought to be of the highest priority, here we argue that
because there is considerable evidence that households do their
best to smooth consumption over both dates and states. Accord-
ingly, a static vulnerability measure which correctly estimates the
distribution of consumption expenditures at a point in time can,
in many circumstances, also capture the welfare costs of intertem-
poral variation.

1. INTRODUCTION

Recent research on household ‘vulnerability” has led to an increased
appreciation of the welfare costs of risk. The key idea is simply that
risk averse households will have lower levels of expected utilility ez ante
when those same households face greater variation in future consump-
tion (for a recent survey see, e.g., Hoddinott and Quisumbing, 2003).

Measuring the risk borne by a particular household has typically
involved the use of panel data. In particular most approaches to esti-
mating the risk borne by the household in any given period have relied
on the use of time series variation in household expenditures.
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This has led most researchers to focus on static measures of vul-
nerability, since once used to identify the distribution of consumption
expenditures in a single period the time series variation can no longer
be used to describe the intertemporal profile of the distribution of
consumption expenditures—simultaneously estimating inequality, risk,
and time series variation in household vulnerability requires the addi-
tional structure of a dynamic model. In a recent paper, Elbers and
Gunning (2003) specify a stochastic dynamic model precisely in or-
der to be able to describe the trajectories of vulnerability for sample
households in Zimbabwe.

Unfortunately, our present understanding of the economic circum-
stances in which most poor households are situated seems too limited
to permit general agreement on what the right dynamic model is. While
research on the development, estimation, and testing of such models
ought to be of the highest priority, here we argue that because house-
holds do their best to smooth consumption over dates and states, one
can exploit this fact to estimate ex ante measures of vulnerability even
in the absence of a fully specified dynamic model.

Accordingly, a static vulnerability measure which correctly estimates
the distribution of consumption expenditures at a point in time can,
in many circumstances, also capture the welfare costs of intertemporal
variation.

2. MEASURING VULNERABILITY

Here we begin by specifying a simple model, describing the problem
facing the household. While the model itself is quite special, we’ll seek
to use the model to illustrate features of household behavior which
would also obtain in a fairly wide class of models.

We'll begin the process of modeling household behavior by supposing
that a particular household has von Neumann-Morgenstern preferences
defined over a single consumption good in each of many periods, so that
the households’ expected utility in period t is given by

/ w(c)dFy(cr),

where u(c) is the household’s momentary utility given a consumption
realization ¢, and where F} is the distribution of consumption for the
household at time ¢. This distribution, of course, may depend on ac-
tions taken by the household—in particular, savings decisions made in
earlier period will help to determine F}. Following Ligon and Schechter
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(2003) we define the vulnerability of the household at ¢ by

Vi(z) = u(z) — /u(ct)dFt(ct),

where 2z may be regarded as analogous to a poverty line level of con-
sumption expenditures. It’s worth noting that this expression may be
re-written as

Vi(z) = [u(z) —u(/ ctdFt(ct))] + [u(/ cdFy(ct)) — /u(ct)dFt(ct)] :

where the first bracketed term may be interpreted as the poverty of the
household, and the second as the risk borne by the household. As F}
is endogenous, the second term should not be interpreted as the wel-
fare improvement to be had from eliminating all risk, since this sort of
change in the environment will generally lead to differences in house-
hold behavior—for example, elimination of future risk would eliminate
precautionary motives for saving, and so might increase future poverty.
Rather, levles of vulnerability, poverty, and risk are what is borne by
the household after one takes into account whatever strategems the
household has employed to improve its welfare.

Now suppose that we are faced with the problem of taking explicit
account of the fact that forward looking households will care not only
about their vulnerability in period ¢, but at all future dates. How
ought we to calculate the welfare consequences of future risk, and of
time series variation in levels of consumption? Let us suppose that we
can represent the household’s problem as a dynamic program. Let x
denote a vector of state variables, and suppose that the economic envi-
ronment is stationary, so that conditional on this set of state variables
the household solves
(1) Wi(zxy) = max u(e)+ BE W (zg + €).

(c1,x2)€l(x1)

Here E; denotes the expectations operator, conditioning on x, I'(x;)
denotes the set of feasible choices of consumption and future state
variables (c1,x2) given the current state z;, and W is the household’s
value function. Note that future values of the state depend on the
realization of the shock €; it is this uncertainty which necessitates taking
expectations. The distribution of € may depend on both x; and on the
choices made by the household.

A few things are worth noting about this problem, before specializ-
ing it further. The first is simply that provided that I'(x) is compact
and u increasing, concave, and bounded, then a single-valued solution
to the households problem exists, and we can write the household’s
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consumption as a function of the current state, ¢; = g(x1). Closely
related, the state variable x5 = h(x1) where € is a shock realized af-
ter. If z; is a scalar (e.g., household wealth), then under additional
standard conditions g and h will be monotone, so that for the econo-
metrician observing the household’s behavior, observing x; provides no
information beyond that provided by observing ci; indeed, we can de-
fine W(c) = W(g~'(c)), so that the household’s behavior satisfies the
recursion

W(er) = u(ey) + BEL W (cp).

Accordingly, if one knows enough about the household’s problem, then
observing consumption suffices to predict future trajectories of con-
sumption, utility, and vulnerability.

It should also be clear that to capture the welfare of the household,
any measure of vulnerability ought to be forward-looking. In particular,
letting V'(2) denote our forward looking measure of vulnerability, we
may write

V(z) = Eofu(z) = (1= O)W(a)] = (1= BBy Y _ 57 'Vi(2).

t=1

Note that this measure, being ex ante, should not depend on realiza-
tions of V;, but only on the household’s time 0 expectations of these
realizations. The contribution of variation in consumption at time ¢ to
ex ante vulnerability is not Vi(z) = u(z) — [u(c;)dFy(c;), but the time
zero expectation of this quantity, E¢V;(2) = u(z) — Eo [ u(c)dFi(c;).
Thus, once one knows the solution to the household’s problem, observ-
ing a sequence of realizations of state variables such as assets, cattle,
or productivity shocks will not aid one in computing the welfare loss
associated with risk.

3. STATIONARITY

Computing measures of vulnerability requires one to estimate the
distribution of consumption. One approach to doing so is illustrated
by Ligon and Schechter (2003), who simply use the empirical distribu-
tion of consumption expenditures over time for a given household as a
proxy for the variation the household might expect in a single period.
This is reasonable if the distribution of consumption expenditures is
stationary, so that realizations of consumption expenditures over time
may be regarded as draws from the same time-invariant distribution.
Accordingly, it behooves us to consider the circumstances under which
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the distribution F}; will indeed not vary over time; and further, to de-
scribe alternative ways of estimating the distribution of consumption
at t when the distribution of consumption is non-stationary.

Let us begin with the description of a simple example environment.
There’s a population of household indexed by ¢ = 1,...,n, each with
preferences over consumption given by u‘(c) = ‘31:;1, so that utility
from leisure is additively separable from utility from consumption. At
date t = 1,...,T some state s, € S = {1,2,...,5} is realized; the
history of these states is denoted by h; (with hg the null set). Thus,
at date ¢t each household i produces output y;(h;). The population
may collectively save or borrow, leaving a total quantity of z(h;) of the
consumption good to be allocated across households at date .

To describe the efficient allocation of resources across these house-
holds we’ll find it convenient to compute allocations that a central
planner would choose to implement; the planner will seek to maximize
the objective function

(2) Z)\iZﬁt_l > mhalher)ui(ei(hy)

ht

subject to respecting aggregate resource constraints

(3) Z ¢i(he) < x(hy)

for all histories h;. This resource constraint will invariably constrain
the planner, though since sometimes (as when the planner has access
to outside credit markets, or when there’s some other means of moving
the consumption good across periods or states) x(h;) will be an endoge-
nous variable. Of course the planner may also face other constraints,
and these other constraints will help to determine the evolution of the
distribution of household consumption exenditures. We consider some
interesting special cases in turn.

Full insurance with no aggregate variation: Since risk averse
households will actively try to smooth their consumption over
both dates and states, the requirement that consumption should
be stationary is more reasonable that it might otherwise appear.
For example, if all households have access to adequate insurance
and there’s no source of aggregate risk, then the distribution
of consumption expenditures will be stationary even when the
distribution of, e.g., individual income is not. Under these cir-
cumstances using time series variation in levels of consumption
to estimate risk at a point in time will be valid. In terms of
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the model we’'ve begun to lay out above, our assumption that
there’s no aggregate variation means that z(h;) = « for all hy;
then from the first order condition to the planner’s problem for
¢i(hy) we have
ui(ci(he)) = /i
where mu is the multiplier on the resource constraint (in this
case, though there are many constraints, they’re all identical,
so we need only a single multiplier) for all i = 1,...,n, and for
all hy—accordingly, household ¢’s consumption will be a con-
stant, which doesn’t depend on either the state of the world
or the date. As a consequence, the distribution of future con-
sumption expenditures is (trivially) stationary. If we imagine
that consumption is measured with some error, and that the
distribution of this error is also stationary, then simply using
the empirical distribution of household consumption over time
to stand in for variation at a point in time is perfectly sound.
Full insurance; stationary aggregate shocks: Let us now ex-
tend the case above to make it somewhat more realistic. Here
we imagine that x(h;) is random, but has a stationary distri-
bution. This might be the case, for example, for an isolated
village or closed economy, having a stationary distribution of
income. In this case, the first order conditions to planner’s
problem becomes

ui(ci(he)) = p(he) /N
Here p(hy) is the multiplier associated with the resource con-
straint for history h,; since this depends on aggregate resources,
which are now variable, household consumption will vary with
shocks to the aggregate endowment. Exploiting our assumption
of CRRA preferences, we can re-write this first order condition
as

log ¢;(hy) = o + n(hy),
where a; = —y!log \; and n(h;) = v~ log u(hs). From here, if
we add a multiplicative measurement error e~ “* to household i’s
time ¢ consumption (assuming, as before, that the distribution
of this measurement error is stationary), then it’s a very short
step to a regression of the form

log cit = a; + )y + €t

where the ¢ subscripts now denote time ¢ realizations of the vari-
ables they adorn; this is essentially the regression employed by
Deaton (1992) to characterize full insurance allocations. Since
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the distributions of x(h;) and ¢;(h;) are stationary by assump-
tion, it follows that the distribution of ¢;(h;) is also stationary.

Limited insurance; access to credit markets: In this case, sup-
pose that each household has access to credit markets with
returns R = 1/4. In this case, the Euler equation for each
household’s consumption expenditures is given by

U,(Ci(ht)) = Etul(cz‘(htﬂ‘)-

This is enough for us to see that the distribution of consumption
in this case is non-stationary so long as there’s any variation at
all, and suggests that our earlier strategy of simply using the
empirical distribution of consumption over time isn’t appropri-
ate in this environment. This also implies, of course, that (from
the standpoint of earlier periods) the distribution of i’s marginal
utility at time ¢ is the same as the distribution of time ¢ predic-
tions of marginal utility at all dates subsequent to t. We also
have

u'(ci(her;) — ' (ci(he)) = w'(ci(hess)) — o (ci(hey);

This just says that the change in marginal utility between ¢ and
t + 7 is equal to the time t forecast error of marginal utility at
t + 7. There is, unfortunately, no obvious, easy way to guar-
antee that these forecast errors are generally stationary, but at
least the theory isn’t in obvious conflict with this assumption.
Accordingly, in this case we might proceed by using panel data
and calculating the empirical distributions of 1-step ahead fore-
cast errors for each household, and then interpreting this as the
distribution of possible innovations at time ¢. As an important
bonus, if we don’t have strong priors regarding the value of v, we
can use the moment restriction Eyc;, ], = ¢;;” to simultaneously
estimate this preference parameter. Once we have estimates
of v and of the distribution of one-step ahead forecast errors,
we can calculate our measure of vulnerability without further
difficulty.

Note an important feature of this case. If a household has
a rapid decrease in marginal utility over time (increase in con-
sumption), we would interpret this as evidence that the house-
hold faced a great deal of risk; this would have the consequence
of increasing our estimate of the household’s vulnerability.
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