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Abstract

This paper addresses the possibility of biased estimates
of the determinants of feod expenditures of households eligible
for the Food Stamp Program. The source of such bias, sample
partitioning, is described and a correction procedure is
utilized. For eligible nonparticipants’ food ex¥penditure
estimates, bias was found but not for participants.
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The Food Stamp Program (FSP) 1is one of the largest
domestic redistributive transfer programs. Approximately 22
million persons participated in the program in 1983 at a cost
of approximately $12 million. Given the magnitude of the
program, accurate methods are needed for evaluating the impact
of the existing program structure or proposed structural
changes on the achievement of progranm objectives and for
forecasting program costs. Of particular concern is the
ability to accurately predict how many eligible households will
participate in the Food Stamp Program and the impact of the
program on food expenditures of eligible houscholds. The
purpose of this paper is to address the possibility of biased
foed ewxpenditure parameter estimates due to sample partitioning
and to correct for such bias, if present.

The paper is organized as follows: the data utilized for
this study are described first, followed by a discussion of the
sample partitioning problen. The next section presents the
empirical model and results and the final section presents
conclusions. '

The Data

This study is based on household survey data from one
metropolitan and one nonmetropolitan county in each of four
states, California, Indiana, ohio, and Virginia. Eight hundred
ninety-six households eligible for the Food Stamp Program were
interviewed between July 1972 and May 1980. Five hundred
thirteen of the interviewed househclds indicated they partici-
pated in the program during the month of the interview. At
the time of the survey participants were no longer paying cash
for stamps. Their entire allotment was so-called "bonus
stamps. "

sample Partitioning=--The Econometric Problem and Remedy

‘The nature of econometric problems is often dictated by
the characteristics of the economic data. The sample parti-
tioning problem, a variant of the sample selection problem, can
occur when estimation is based upon a sample that is nonrandom
due to the manner in which the sample is selected by the
analysts, or due to the fact that the units of observation,
through their own behavior, can self-select or partition
themselves into a particular sample. The sampling procedure
for this study selected households from the pepulation of
households eligible to participate in the Food Stamp Prodgram.
Eligible housgeholds were, nowever, not randomly assigned to
program participant or nonparticipant groups. The sampled
households self-selected oOr partitioned themselves into
potentially nonrandom subsamples of participants and nonpar-
ticipants.




Suppose we wish to predict what average food expenditures
would be under variocus program structures given our household
survey data. For example, how would expenditure beéhavior
change 1f bonus stamp allotments were increased? Using
ordinary least squares estimation on the subsample of partici-
pating households would tell us how already participating
households may respond to such a Program change. However, all
eligible nonparticipants are potential participants. Increas-—
ing bonus stamp allotments would ba likely to encourage
some nonparticipants to beconme participants. Thus, the true
effact on average expenditures of this program change would
depend upon the axpenditure behavior of both continuing
barticipants and new participants. In other words, the
ochserved "average® relationship between the allotment and food
s¥penditures will depend on who is inciuded in the group being
averaged. If there is bias in the self-selection Process, the

as participants.

- We cannot directly observe the expenditure behavior aof
households newly participating due to a hypothetical pregram
change. If the participants and nonparticipants in our sample
behave, on average, in systematically different waye, estimates

of the effects of changes in the FSP on food ewpenditures based

resolvad.

The recent literature on the Presence of and correction
for such bias was developed by Janes Heckman (197%8) in the
context of estimating labor Supply equations. Heckman has made
two major contributions with regard to eliminating this bias.
First, he has shown that sample selection or bartitioning bias
can be viewed as arising from an ordinary omitted variable
problem. The omitted variable is a function of the probability
that each observation self-selects into the gubsample.
Estimates based upon the subsample will be biased as long as
the omlitted variable are not included in the egquation. Second,
Heckman developed a method that pProvides consistent estimates
of the omitted variable from probit analvsis of the sample
selection preocess, i.e., from an estimate of the brobability of
self-gelecting into the subsample. Estimates of the omittad
variable can then be included ae a regressor when estimating a
relationship using the self-selected subsample observations.



More formally, consider a three equation model and a
random sample of L = 1, 2, ..., N observations.

Y13 = X138y + uyj ' (ia)
Yzi = Xziﬁg o+ Usi, and {lb)
¥aj = H3iB3 + U3j4. (1c)

where the X44 are vectors of exogenous regressors and the Bj
are vectors” of coefficients. The u4i are the disturbances
which are assumed to be bivariate normal for j = 1, 2, 3 and
have zero means with no correlation across observations, but
there is correlation for a given observation between uyj
and uji and between u,; and uzj. In the context of the Food
Stamp Program eguation (le¢) represents the participation
equation while (la) and (1b) are food expenditure equations
given participation and nonparticipation, respectively.

‘Now, suppose we would like to estimate food expenditures
given participation (la). Following Heckman, the regression
function for the selected sample, given the selection rule Yij
> 0 iss '

E(Y3i|X34.¥35 > 0) (2a)
= X3iBy + E(Upj|¥3; > 0) {2b)
= X3iBy + E(Uyj|Usi > -X34iB3) (2¢)
= X3iBy + (033/ a3t/ 2) . (2d}

For (2d) the assumption that h{ujj,us3j) is a bivariate normal
density, is required and '

= 0(23) = _9{Z5) , (3}
1=9(2Z3) o(-Zj)

with ¢ and ¢ the density and distribution functions, respec-
tively, for the standard normal variable, and 7Zj =
-X31B3/(033) /2. The Aj is the inverse of the Mills Ratio,
which is often referred to as the hazard rate in reliability
studies.




The selected samnple regression function, therefore,
depends upon both x1; and %34, and sample selection bias can be
viewed as having arisen from an omitted tgrm,ku3/0331-2xi.
Inserting a consistent estimate of Ais, say Ly, into the food
expenditure e%paticn will vield consistent estimates of
both o33/033+/2 and By. Heckman further shows that the
congistent estimates of ) can be cbtained from probit analysis
of the participation eguation.

Application of the Heckman model usually occurs when
observations are missing on Y4 unless Y34 > 0. In the case of
the Food Stamp Program, expenditures on Food {¥13) are observed
whether or not the household participates. ~ The impact of
program benefits and costs on food expenditures, however, are
not observed unless the household participates in the progran
(¥33 > 0). 1In such a case, where there are no actual missing
observations, the Heckman approach has been referred to as
correction for "the sample partitioning problem® rather than
the "sample selection problem." The extension of the Heckman
model to the sample partitioning case is quite simple and has
been cutlined concisely by Greene (1l879). Greene shows that
omitted term relevant for estimating food expenditures of
nenparticipants is {(0543/093%/2) Air where = ¢{Z;)/ ¢(Z4) with
Zi as defined for (3).

Note that the estimates of By and dlgjgaaiﬁZf and of B,
and o33/033%/2 will be consistent but® inefficient. Tha
inefficiency arises dus to the heteroskedasticity due to the
correlation of uyy and uzy and usy and uyy, respectively. A
standard generalized least sqguarés procedure can ke used to
cbtain appropriate standard errors. Further, if u; and 23 (uy
and w4} are independent, then O33 = 0 (943 = 0} and the
"omitted variable® drops out of the regression function
for the selected sample. Similarly, if X, and X1i (X533 and
X31) are uncorrelated, no bias will be present. A test of the
hypothesis that oy3/0331/2 = 0 (033/033%/2) is a test for the
absence of selection bias.

While the Heckman technique as extended by Greene does
correct for possible sample partitioning bias, there are some
drawbacks to using the technique. Ordinary least squaress
estimation of participants® or nonparticipants' food expendi-
tures reguires estimation of the prokability of partici-
pation, using probit analysis to calculate the sample selection
or partitioning bilas correction factor {23}, Computational
practicality requires specifications that are linear in the
parameters though not necessarily in the wvariables. The form
of the actual food sxpenditure equations to be estimated should
be determined by the form of the indirect utility function
from which it is derived which may not, in fact, be linear in
paraneters. _ Z



Empirical Model and Results

As discussed in the previous section, the Food Stamp
Program participation and food expenditure decisions are not
statistically independent. On theoretical grounds as well, the
decisions should not be considered independently. For FSP
eligible households, utility maximization involves making
the participation decision and then determining thelr level of
food demand/expenditures given their participation decision.

Before they can use food stamps, eligible households must
undertake certain activities. They must apply, be certified as
eligible, and procure the stamps. These activities are not
cogt free and households may have different preferences
regarding them. For instance, households may feel stigmatized
by the certification process and by using stamps and, thereby,
exverience a loss of prestige when participating. Addition=-
ally, since food stamps are not cash but are restricted
purchases, households may feel constrained by this restric-
tion. Costs and preferences could exist such that eligible
households would rationally choose nonparticipation and forego
an increase in resources in the form of food stamps. Formally,
FSP eligible households can be viewed as comparing the value of
their indirect utility function, the maximum utility possible,
given participation to that given nonparticipation. Their food
demand/expenditure relations are derived, in turn, from the
relevant indirect utility relationship.

We are primarily interested in testing for the presence of
sample partitioning bias in estimating the food expenditures of .
FSP participants and nonparticipants and in correcting for such
biag if necessary. In Ranney (1983) the same data used for
this study was used to analyze the participation decision. The
participation egquation was specified as a function of the
difference between the value of the logarithmically transformed
indirect utility function when the household participated and
the value of the corresponding function when the household did
not participate in the Food Stamp Program. Probit analysis of
the probability that a household participated in the program
was utilized to estimate a participation equation. Estimated
values of the extent to which the stamp allotments are cash
equivalent (¢} were calculated for each household with esti-
mates of the relevant coafficients from the probit analysis of
the participation equation. The calculated C's will be used to
define two explanatory variables, Ca and {1 - C)a included in
the specification of participant food expenditure eguations.
The probit participation results also generated sample parti-
tioning bias correction factors, Ap and Ayp, that will be
included as regressors when estimating the food expenditure
equation of participants and of nonparticipants, respectively.




A combination of theoretical and pragmatic factors
contributed to the specifications of the food expenditure
egquations. From general theoretical considerations, we know
that the demand for food by nonparticipants is a function of
relative prices, real income {total rescurces) and household
characteristics. In addition to those variables, participants:®
food demand is a function of the real food setamp allotment.
Because the sample was gathered over a relatively short time
span, approximately ten months, and the regional price indices
for these months exhibit very little variation, the food
expenditure equations will not include prices as exploratory
variables. Basad on the exploratory nature of this study and
the reguirement of the sample partitioning bias correction
procedure that the functions be linear in parameters, a simple
linear specification of the food expenditure equations has been
chosen.

For noﬁparticipants, (NP) the food expenditure specifica-
tion is

EXPNP = bo + byy + DpHSEX + D3EDL + byED2 + bgETHI (4)
+ byETH2 + bgHAGE + bgh + u,

where EXPyp is monthly food expenditures, including the wvalue
of home-produced food; y is monthly income per index person;
HSEX is eqgual to one if the sex of the household head is male
(=0, otherwise); EDL is the number of vyears of education of the
household head 1f the number of years is less than or equal to
twelve (=0, cotherwise); ED2 is equal to 1 if the number of
years of education of the household head is greater than twelve
(=0, otherwilse); ETHL is equal to one of the ethnicity is Black
(=0, otherwlse); ETH2 is equal to one if ethnicity is “other®
(=0, otherwise); HAGE is the age of the household head:; is the
sample partitioning correction factor:; and u is the error
term. :

For participants (P), the food expenditure specification
is
EXPY = by + byy + baCa + by(l=C)a + byHSEX + bgEDL (5)
+ bgED2 + b-ETH1 + bgETH2 + boHAGE + blO?\ + 1,

where all but the third and fourth terms are as defined for
nonparticipants. The second, third, and fourth terms together
repraesent total household resources per index person. They
have been specified separately to allow for differences in
their effects on food expenditures.



Heuristically, the extent to which food stamps increase
expenditures on food depends on (1) the effects of stamps
through an expansion of general purchasing power and (2} the
extent to which stamps constrain part of total household
resources to be spent on food. These different effects are
reflacted in the third and fourth terms of the food expenditure
equation Ca and (1 = C)a, respectively. An increase in stamp
allotments is hypothesized to increase food expenditures, but
less so the more nearly cash eguivalent or constraining stamps
are. This taken together with the hypothesis that stamps
will have a greater effect than income (y) on increasing food
expendlitures require by > by > bj > 0. These signs and
differences are adopted as hypothesis in estimating the food
expenditure functions of participants.

Each eguation was estimated with and without the sample
partitioning correction factor to facilitate comparisons.
Inciuded in the respective subsamples were 310 participating
households and 346 nonparticipating eligible households
that completed all relevant guestions. The estimation results
are presented in Table 1.

recall that the test for the presence of sample partition-
ing bias is a t-test of whether the coefficient for the bias
correction factor (A) ig significantly different from zero.
Rased on these results, bias is probably present in the
case of nonparticipants but not for participants. In keeping
with the insignificance of ) in the participants’ eguation, the
OLS and S-P coefficients are nearly the sama. Note, however,
the differences between coefficients from S-P and OLS for
nonparticipants. &all except that for income differ and some
differ substantially. Because the inclusion of the sample
partitioning bias correction factor () in the specification
not only allows one to test for such bias, but also removes the
bias from the cother coefficients, the results from the S-P
procedure should be used for predicting the behavior of
nonparticipants. Similarly, in the absence cf evidence
of bias, the OLS or 5-P estimates would be appropriate for the
purposes of prediction.

Based on the OLS estimates for participants and the S$-P
estimates for nonparticipants the economic variables are
clearly important in predicting their food expenditures. For
participants, the results show that stamps are more efficient
or powerful in increasing expenditures on food by a factor of
six to one. Further, b, and by and by are significantly in
the hypothesized relationship the results also have the
intuitively appealing feature that the coefficient for the most



Food Expenditure Estimation Results for
Participants and for Non
OLS and 8-P Coefficients and Standard Frrors

Table 1

participants:

~ Coefficient
Variable (Standard Error)

Participants Nonparticimants

oLS S-p QLS S=-p
Constant 36,09 27.91 86.5% 111.1z2
{30.65) (30.13) (23.42) {20.56)
y 0.11 0.10 0.10 0.09
(0.16) (0.02) (0.01) {0.01)

ca 0.52 0.58 —— -—

(Ool3) (0012) o v i

(1 - C)a 1.12 1.17 - -

(0,03) (0.26) - -
- HSEX 4,69 1.87 5.84 1.37
(9.45) (9.21) (6.85) (6.62)
EDl 23.15 22.15B =7 .44 -5,83
(12.41) (12.60) (9.46) (9.52)
ED2 2.93 2.72 0,79 0.59
{1.91) (1.93) (1.40) (1.42)
ETHL 1.23 1.72 -%.81 =2,860
(8.88) {9.01) (7.43) {(7.34)
ETH2 =16,30 =13.88 64,47 72.56
(17.99) (17.15) (19.05) (21.22)
HAGE -0.33 =3.36 =0,.88 =1,00
{0.31) (0.31) {(0.19) {0.18)

A m15u09 = . "'“'21.000 G =

(13.89) o~ (10.15) e




2

constrained portion of stamps, (1 = Cja, the coefficient is
nearly one. That is, an additional dollar 'added to the most
constrained portion of stamps results in one dollar of addi-
tional food expenditures. For nonparticipants and participants
a one dollar increase in income increases food expenditures by
ten cents. With the ewxception of having less than 13 years of
education (ED1) for participants and the proportion of house-
hold with "other" ethnicity (ETH2) the household character-
istics have little impact on expenditures. '

Conclusions

Estimation of the impact of Food Stamp Program on eligible
households® food expenditure decisions should account for the
possibility of sample partitioning bias. While the bias
problem arcse due to the way the household survey data used
here was collected, other widely-used survey data, such as
the Nationwide Food Consumption Survey (NFCS) and the Consumer
Expenditure Survey (CES), suffer from the same probklem. In
terms of estimation, the primary implication for other FSP
researchers is that food expenditures should not be estimated
in isolation. The participation decision must be estimated as
well to capture correlation between the focd expenditure and
program participation decisions and to correct for possible
sample partitioning bias. Indesd, any researchers utilizing
samples where the units of chservation can gelf-select into the
sample should recognize the potential fox bias and estimate the
selection rule or participation decision as a necessary first
step. -
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