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TWO-STAGE ESTIMATION OF A CENSORED
DEMAND SYSTEM

CHOI JI-HYEON*

I. Introduction

Recently, economists have utilized systems to estimate the demand
for particular food products using household level data. The use of
household data for a detailed commodity analysis, however, creates a
major estimation problem. This problem stems from the fact that
households are observed to consume zero amounts of the various
commodities under consideration (Heien and Wessells, 1990).
According to the USDA's 1987/1988 National Food Consumption
Survey (NFCS) data, 87.4 percent of the households surveyed
consumed fresh vegetables, and only 66.2 percent and 34.6 percent of
the households consumed canned and frozen vegetables, respectively,
during the one week survey period.

For estimation of food demand systems with such a sample, the
estimation method should allow zero expenditures to occur with
positive probability. However, the standard estimation techniques,
such as three stage least squares (3SLS) and seemingly unrelated
regression (SUR), used in most studies assume that expenditure (or
shares) follow a joint normal distribution. Without modifications, this
does not allow for a positive probability of zero expenditures or
shares. These conventional estimation techniques consequently yield
inconsistent estimates of the parameters (Wales and Woodland, 1983).

Another problem in cross-sectional data sets is missing price
information due to zero consumption. Nonconsuming household
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observations do not provide price information for commodities they
do not consume. This constitutes a major problem when price is used
as an explanatory variable in demand estimation. The reasons why
households do not consume the food item during the survey week
may be economic related or may indicate a unique preference towards
(or against) the food.

The overall objective of this research is to assess the impacts of
economic and socio-demographic variables on vegetable
consumption. The specific objectives include: 1) developing an
econometric framework for modeling zero consumption behavior, and
2) evaluating the impacts of economic and socio-demographic
variables on fresh, canned, and frozen vegetable consumption.

ii. Development of Model

In order to evaluate these impacts within the vegetable demand
system, the Almost Ideal Demand System (AIDS) model was selected
as the framework. Deaton and Muellbauer (19802) proposed the AIDS
model which is of comparable generality as are the Rotterdam and
translog models. The AIDS model can be derived from the PIGLOG
(expenditure) function which defines the minimum expenditure
necessary to attain a specific utility level at given prices. The AIDS
demand functions in budget share form are as follows:

wi= @, +% 7;ln p;+ Biln (y/p*) @
Fl

where wi is the budget share of good i, y is the expenditure on
the group of commodities, p; is the price of good i, and P* is Stone's
index used as a proxy for the group price index, P. Stone's index can
be written as:

In p* = 2Z_wiln p, )
Fl
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where wy is the budget share of good k. The model that uses
Stone's index is referred to as the "linear approximate AIDS"
(LA/AIDS). LA/AIDS, like AIDS, provides an arbitrary first order
approximation to any demand system (Deaton and Mueallbuer,
19802). In addition, by using LA/AIDS, the nonlinearity problem in
estimation can be avoided. In this study, the LA/AIDS model was
chosen to estimate the parameters of a vegetable demand system.

The values of the parameters @i, 73, and B3, required to satisfy
the theoretical general restrictions of adding up, homogeneity, and
symmetry can be achieved by imposing, respectively:

éai: I Eyij=0; ;lﬁizo 3
Z)’ij =0 (4)
Fl

Yii =7 (5)

When food demand systems are empirically modelled,
economists typically face the problems caused by the large number of
commodities consumed by households. The usual way to approach to
this problem is to assume a priori some type of structure on
consumers' preferences, the most common assumption being that of
weak separability.

In empirical work, a popular application of weak separability is
to systems of demand equations in order to limit the number of
equations in the system. Separability has frequently been utilized in
conjunction with the AIDS model to estimate conditional demand
systems. Weak separability is a prerequisite for application of the two
stage maximization procedure (Deaton and Muellbuer, 1980).

For this study, it is assumed that vegetables, the food group of
interest in this study, are weakly separable from other food
commodities such as meats, dairy products, and fruits as well as
nonfood commodities. This specification implies that the MRS
between fresh vegetables and canned vegetables is independent of the
amount consumed of other food commodities, say meats or fruits.
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Under this assumption, at the first stage of the two stage budgeting,
consumers allocate total income among vegetables, other food, and
nonfood groups.' At the second stage, consumers allocate the
vegetable expenditure among fresh, canned, and frozen vegetables.
Thus, commodities other than vegetables are excluded from the
analysis.

In this study, the socio-demographic variables and nutrition and
dietary related-variables are incorporated into the AIDS demand
functions as proxies for consumer preferences in order to control for
their effects on the demand for vegetables. Thus, the intercept term,
a,, in equation (1) can be represented as:

n
a; =P+ 3 Pidx 1=1,2,3 (6)
k=1

where i indicates vegetable group, p, is redefined as an intercept
in equation (1), d, is demographic variable or nutrition and dietary
related variable k of which there are s, and p,, are the coefficients
associated with these variables.

The LA/AIDS demand function (1), incorporating the socio-
demographic and nutrition and dietary related-variables as in equation
(6), can be written as:

s 3
W= 0+ % Pudct) 7ilnp;+Bin(y/p*) ™
k=1 Fl

where the three vegetable groups considered are canned (i=1),
frozen (i=2), and fresh (i=3) vegetables; w;, p, o; and y/p* are as
previously defined.

Equation (7) constitutes the empirical model of the LA/AIDS
vegetable demand system.

After incorporating the socio-demographic variables into equation
(7) the adding up conditions in equation (3) are rewritten as follows:

' In this study, the first-stage allocation was taken as given and was not estimated.
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3 3 3

;lpiz 1 ;171_3:0 Eﬂi=0 (8)
2 Pi=0 i,j=1, 23

k=1

lii. Estimation Procedure
1. Two Stage Estimation Method

The application of the standard estimation methods such as SUR or
3SLS with no correction for sample selectivity would yield biased and
inconsistent estimates because the error terms have expectations
which are not zero and depend upon the exogenous variables.

Lee (1978) generalized the two stage methods proposed by
Heckman (1976) and Amemiya (1977). Two stage estimation
methods such as Heckman's two stage method has been applied in
applied demand analyses (e.g., labor demand). In these applications,
typically only the positive observations were used at the second stage
estimation.

Heien and Wessells (1990) estimated the second stage model of
the two stage procedure using all observations. They used different
inverse Mill's ratios for the limit sample and non-limit sample
observations. Maddala (1983) showed that the full sample, instead of
the positive observations only, can be used in the second stage
estimation of the two step estimation procedure. The expectation of the
budget share, w,, in the AIDS demand system for the full sample is:

E(w,) = Prob(w>0) E(w;w;>0) + Prob(w;=0) E(w,jw=0)
=hi(B'Xi+od/P)+(1-¢) X0 )]
=0;0'Xi+0¢

where ®; and ¢: are the cumulative normal distribution
function and the standard normal density function, respectively, and
o is the standard deviation of the normal error term, Xi are
explanatory variables in the AIDS model, and 8 along with o is the
vector of the coefficients to be estimated. In view of the econometric
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specification in this study, the second stage equation (9) is more
plausible than the second stage equation suggested by Lee (1978)
since the second stage equation is usually used for the purpose of the
prediction.

In this study, based on equation (9) and using all observations,
the second stage AIDS demand system is estimated. In addition,
based on equation (9) and using all observations, the AIDS demand
system is estimated by SUR at the first stage without the second
stage, for purposes of comparing the results.

The two step estimation method consists of the first stage probit
estimation and the second stage SUR estimation. The estimation
procedure is as follows. The first step involves the estimation of a
probit regression that determines the probability that a household
consumes each of the vegetable groups (excluding fresh vegetables
since all households included in the sample consumed fresh
vegetables). These probit coefficients are then used to estimate ¢; and
$ito correct for selectivity bias, and then the estimated ¢; and @iare
used in the second stage estimation.”

2. Development of Empirical Model

In the first stage, the vegetable consumption decision is modelled by
incorporating the socio-demographic and nutrition and dietary related
variables into the binary choice problem. The probit equation was
specified as follows:

Ii = 0i + 61 FOODEXP + ¢ :CENCITY + ¢ :HHSIZE
+ 0 HPVEGI + 0;BHEAD + 86COLLEGE + 87 SPRINGSS
+ 0sWINTER + 09FALL + 610BCOLLAR + ¢ ;FOODSTMP
+ 0 12WHITE + 8:5INFOMED + 614NFOCOM (10)
+ 0 15INFOPROF + 0 ;sINFOREL + 8 1-RNVTRFE
+ 01sBRNVTRVC + 0 3sNCENT + 0 20WEST + u;

where Ii is the binary choice variable which indicates whether

? In this chapter, the theoretical framework of the two step estimation procedure is
not discussed. For details of the two step procedure, refer to Choi (1993)
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a household consumed vegetable group i during the survey period.
Specifically, I; is 1 if the household consumesvegetable group i (i.e.,
Wi>0) and I is zero if the household does not consume vegetable
group i (i.e., Wi=0). The explanatory variables included total food
expenditure (FOODEXP), urbanization (CENCITY), household size
(HHSIZE), presence of home grown vegetables (HPVEGI),
presence of female and male household heads (BHEAD), education
level of household meal planner (COLLEGE), season (SPRINGSS,
WINTER, and FALL), occupation of household head (BCOLLAR),
food stamp participation (FOODSTMP), race of the household head
(WHITE), source of nutrition information (INFOMED, INFOREL,
INFOPROF, and INFOCOM), dietary status of household
(RNVTRFE, RNVTRVC), and location of residence (NCENT,
WEST); and u, is an error term. Equation (10) is estimated by the
probit method for each of the two vegetable groups: canned
vegetables and frozen vegetables.

The second step of the two-step estimation procedure involves
the estimation of the AIDS vegetable demand model (7) based on
equation (9). The AIDS model was initially specified as:

w; = ,+7,LPCANND* + 7, PFROZEN* + 7 ,LPFRESH*
+B.LEP* + p, CENCITY* + p,,HHSIZE* + p,;HPVEGI*
+p,,BHEAD* + p ;COLLEGE* + p,,SPRING88*
+0,;WINTER* + o, FALL* + p,BOOLLAR* (11)
+ P, FOODSTMP* + p,,, WHITE* + p, ,INFOPROF*
+,;,INFOCOM* + p,, RNVTRFE* + p,;;RNVTRVC*
+ ., [NCENT* + p, ,WEST* + 0 PDF +¢,

where w_ is the budget share of vegetable group i (i=1,2,3). The
set of explanatory variables differs between equation (10) and
equation (11). These differences include: (1) logarithm of vegetable
price variables (LPCANND, LPFROZEN, and LPFRESH), vegetable
group expenditure deflated by price index (LEP), and ¢: (PDF) are
only included in equation (11), (2) total food expenditure
(FOODEXP) is only included in equation (10), and (3) among the
nutrition information source variables, only INFOMED and
INFOREL variables are included in equation (11).

Following equation (9), all explanatory variables except for
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PDF in the second stage AIDS demand functions were transformed
(e.g., LPCANND*, HHSIZE*, and WHITE*).

Equation (11) was estimated by SUR with the restrictions (4) and
(5). The adding up condition (8) was used to recover the coefficients
estimates of the deleted (fresh) vegetables budget share equations.

The data used in the empirical analysis are from the household
component of the 1987-88 NFCS data, which was conducted by the
Human Nutrition Information Service (HNIS), U.S. Department of
Agriculture. The NFCS data were collected over five seasons from
April, 1987 to June, 1988. The total sample consists of 4,495
households. In this study, two different types of data screening were
performed: screening with respect to 1) abnormal food consumption
patterns, and 2) abnormal prices.’

Another problem in cross-sectional data sets is missing price
information due to zero consumption. In the prediction of missing
prices for the vegetable groups, a household's nonconsuming behavior
was modelled by the Type 2 Tobit model, which was estimated using
Heckman's two-step procedure that corrects for sample selectivity
bias.

IV, Estimation Results

Estimation results for the AIDS vegetable demand model were
obtained from two different estimation procedures: 1) SUR without
considering the censoring problem (one stage-SUR), and 2) SUR with
a two stage estimation method (two stage-SUR).

The two step estimation procedure was applied to the AIDS
vegetable demand model using SAS/IML software package. The two
stage estimation method consists of a first stage probit estimation and
a second stage SUR. The estimation results for the first stage probit
model (10) are presented in Table 1. A large number of coefficients
are statistically significant at the 5 percent level. Coefficients obtained
from the first stage probit regression were used to estimate §; and $;
and the estimated #i and ¢; are used in the following second stage
estimation. The second stage of the two stage vegetable demand

* Robust estimation was used for identifying price outliers in this study.
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TABLE 1 Probit Estimation Results for Canned and Frozen Vegetables

Canned Vegetables Frozen Vegetables
Variables® Coefficient t-value Coefficient t-value
INTERCEPT - 0.8964 -5.66 -1.2556 -7.85
FOODEXP 0.0032 2.29 0.0058 4.60
CENCITY -0.0363 -0.56 0.0434 0.67
HHSIZE 0.1246 4.08 0.0034 0.12
HPVEGI -0.1058 -1.89 -0.1282 -2.34
BHEAD 0.0041 0.06 0.1366 1.99
COLLEGE -0.1576 -2.72 0.1137 2.01
SPRINGSS8 0.2015 2.85 0.1576 224
WINTER 0.4267 5.98 0.1825 2.61
FALL 0.1988 243 0.0858 1.05
BCOLLAR 0.4759 0.85 0.1437 -2.63
FOODSTMP 0.2833 245 0.0047 0.04
WHITE 0.2122 2.59 0.3324 3.98
INFOMED 0.1464 1.48 0.3157 3.18
INFOCOM 0.1063 0.92 0.1592 1.39
INFOPROF 0.0509 0.57 0.2455 2.69
INFOREL -0.0543 -0.34 0.0348 0.21
RNVTRFE 0.3117 4.71 -0.1616 -2.55
RNVTRVC -0.0188 -1.10 0.0295 1.76
NCENT 0.1448 2.13 -0.1944 -291
WEST 0.2639 4.03 -0.0851 -1.34
Number of 2653 2653
Obervations
LogL -1524.5 -1610.47
R? 0.0835° 0.05713

*“The dependent variable for each model was the qualitative dummy
variable which was one if canned(and frozen) vegetables were consumed, or
zero otherwise.

®Squared correlation between observed and predicted values of y.
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model (11) was estimated using all observations by SUR.

The results show that the variables included to correct for
selectivity bias (PDF) were statistically significant for all budget
share equations in the two stage-SUR model, indicating the
significance of the omitted variables (table 2). For 62 out of 66
coefficients, the two stage-SUR coefficients were greater in absolute
value than the one stage-SUR coefficients. These reflect the

TABLE2 [stimation Results for Vegetable Demand Model
by One Stage-SUR and Two Stage-SUR

One Stage-SUR TWO Stage-SUR
Variable®

Canned Frozen  Fresh Canned  Frozen Fresh

INTERCEPT 0.0536 00819 0.8645 .1676 0.0274 1.1950
23y (458)  (3252) (-1.58) (092) (1086)

LPCANND 0.0041 0.0171 0.0212 0.0062 0022 00284
0.56) (-372) (292) (-055) (-2.39) (247

LPFROZEN 00171 00741 00570 00222 02228 02006
(:3.72) (13.23) ©72) (-239) (13.65) (-1252)

I.PRESH 00212 0.0569 0.0357 00284 02006 0172
292) (-972) (370 (247) (-1252) (850)

LEP 00322 00261 00061 00492 01027  0.0535
(4.99) (-344) (0.85) (5.25) (-738) (354

CENCITY 00037 00166  0.0206 00168 0034 00472
034 (1.98) (-1.65) (1.01) (131 (-185)

HHSIZE 0.0155 0.0085 0.024 00224 00247 0.0470
4.02) (301 (-567) (2.98) (352) (491)

HPVEGI 0.0559 -0.0199 0.0758 00837 0.0297 0.1134
(5.81) (-277 (712 (-591) (-144) (5.05)

BHEAD 0.0336 00273 0.0063 00457 00481 0.0024
(-282) (3.08) (043) (-2.64) (1.70) (-0.08)

COLLEGE 0.0252 0.0079 00174 0.0376 00067  0.0309
(-252) (1.06) (157 (-243) 0.34) (1.38)

SPRINGS8 0.0376 00082  -0.0458 0.0567 00093 00474
(3.05) 0.50) (-337) (3.06) (0.35) (-162)

WINTER 0.1011 00019 00992 0.1483 0029 0184
832 (0.21) (-738) 6.99) (-1.15) (-387)

FALL 0.0681 00002 00679 0.1034 00302 00733
(4 77 (0220) (4.30) 4.84) (-093) (-209)

BCOLLAR 00080 00174 0.0438 00011 00427

(266) (113) (164 32)  (005) (-188)
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TABLE 2 Continued

One Stage-SUR TWO Stage-SUR
Variable®

Canned Frozen  Fresh Canned  Frozen Fresh
FOODSTMP  0.0921 00051 00870 0.1283 00271 01012
(4.95) (037) (4.23) (5.08) (-058) (-2.09)
WHITE 0.0440 00345 00786 00667 00764 01432
(3.16) (333) (-5.09) (339 (218) (-384)
INFOPROF -0.0052 0.0049 0.0003 -0.0108 0.0065 00043
(052) 067 002 (-0.76) 032 (020
INFOCOM 00124 00101  0.0226 00198 00070  -0.0269
0.79) 0.88) (-131) 092 021 (0.75)
RNVTRFE 0.0530 00066 00464 00811 00022 00833
(5.63) (094) (4.45) 4.63) 0.10) (-318)
RNVTRVC 00215 0.0019 0.0196 0.0331 00068 00263
(-702) (0.83) (579 (-734) (1.13) (3.88)
NCENT 00522 00372 00151 0.0706 00527 00179
439 417 (-1.15) 4.05 (-204) (0.64)
WEST 00593 0.0617 00024 0.0778 01254 00477
(514 (-6.85) 0.19) (4.40) (-5.05) (1.75)
PDF 06164 03524 09688
277 (327 (-3.93)
Number of 2653 2653 2653 2653 2653 2653

QObservations
Mean of 024278 0.09932 06579 024278 009932 06579

t Variable

R? 0.1154 0.1043 c 01122 0.0890 C

NOTE : Blank space indicates variable was not included in the equation.
*The dependent variables for each model were vegetble budget shares.

"The numbers in parentheses below the coefficients are the t-vales.

*R2s for the omitted(fresh) vegetable budget share equation are not available.

downward asymptotic bias of OLS in a limited dependent variable
model (Greene, 1981). The two stage-SUR coefficients generally
appear reasonable with respect to signs (e.g., LEP).

All of the own price coefficients were statistically significant,
and most socio-demographic variables, in the canned and fresh
vegetable budget share equations, were significant. Among the
various socio-demographic variables, household size (HHSIZE), the
presence of home grown-vegetables (HPVEGI) and white headed
households (WHITE) variables were consistently significant.
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The variables associated with the dietary status of the household
(RNVTRFE, RNVTRVC) overall had significant impacts on the
vegetable budget shares except for the frozen vegetable budget share.

The R™s in the second stage estimation are around 0.1. The the
reason for low Rs in the cross sectional data analysis is due to the
inherent heterogeneity of demand at the household level.

1. Demand Elasticities

The formula used for the final calculation of the Marshallian price
elasticities for the two stage-SUR model is

Ei=-0y + 25§ j=1. 2 3 (12)

1

where Eij* is the Marshallian price elasticities for the two
stage-SUR model. The ¢: were evaluated as the sample mean of the
¢: (across observations).

All own price elasticities were negative and were generally
inelastic, ranging from -0.26 to -1.02 (Table 3). The own price

TABLE 3  Marshallian Price and Expenditure Elasticities for the AIDS Vegetable

Canned Frozen Fresh Expenditure

Item Vegetables Vegetables Vegetables

Canned -1.08181° -0.0631 0.08071 1.1398
Vegetables (-1.017) (-0.0705) (0.0874) (1.1323)
Frozen -0.0746 -0.2575 -0.6684 0.6578
Vegetables (-0.1710) (-0.2592) (-0.5698) (0.7389)
Fresh 0.0433 -0.3053 -0.7379 1.08141
Vegetables (0.0323) (-0.0867) (-0.9456) (0.9908)

NOTE : Elasticities are evaluted at the sample means. The numbers in
parentheses are the elasticities calulated from the one stage-SUR model.

“The numbers above the parentheses are the elasticities calculated from
the two stag-SUR model.
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elasticity for fresh vegetables was more inelastic in the two stage-
SUR model relative to that in the one stage-SUR model. The own
price elasticity for frozen vegetables was inelastic relative to canned
and fresh vegetables. This might be related to the relatively small
budget share (0.1) for frozen vegetables compared to the relatively
large budget share for fresh vegetables (0.66) and canned vegetables
(0.24). The cross price elasticities imply that canned and frozen
vegetables, and fresh and frozen vegetables are complements, but
fresh and canned vegetables are substitutes in the Marshallian sense.

The expenditure elasticities, as expected, were positive for all
vegetable groups. The expenditure elasticity for frozen vegetables
was 0.66, implying that the demand for frozen vegetables is inelastic
relative to canned (1.14) and fresh vegetables (1.08).

All own price Hicksian elasticities were negative (Table 4).
Compared to the uncompensated own price elasticities reported in Table
3 for vegetables, the compensated own price elasticities were more
inelastic due to the positive income effect for vegetables. The relation of
the compensated and uncompensated price elasticities, given the positive
income effects, can easily be seen from the Slutsky equation. In the two
stage-SUR model, based on the Hicksian cross price elasticities, frozen

TABLE 4 Hicksian Price Elasticities for The AIDS Vegetable Demand Model
One Stage-SUR vs. Two Stage-SUR Models

Canned Frozen Fresh
Item Vegetables Vegetables Vegetables
Canned -0.7406° 0.0508 0.8295
Vegetables (-0.7418) (0.0428) (0.8313)
Frozen 0.0858. -0.1917 -0.2362
Vegetables (0.6086) (-0.1852) (-0.0843)
Fresh 0.3060 -0.1971 -0.0274
Vegetables (0.2730) (0.0123) (-0.2946)

NOTE : Elasticities are evaluted at the sample means. The numbers in
parentheses are the elasticities calculated from the one stage-SUR model.

*The numbers above the parentheses are the elasticities calculated from
the two stag-SUR model.
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and canned vegetables are substitutes, and fresh and canned vegetables
are complements. The concept of substitutes in the Hicksian sense is
different from that of substitutes in the Marshallian. Specially this
difference arises in that in the calculation of a Hicksian cross price
elasticity only the substitution effect is considered, while in calculation of
a Marshallian cross price elasticity, the net price effect, taking account of
the income effect, is considered. The Marshallian and Hicksian cross
price elasticities obtained in this study, except for canned and frozen
vegetables, are consistent with the findings of Cox and Wohlgenant
(1986). It is difficult to judge the appropriateness of the finding of
substitutability or complementarity between the high aggregate vegetable
groups analyzed since the basic concepts of substitutability and
complementarity are developed intuitively at the individual item level.

2. The Impacts of the Secioc-Demographic Variables

If the estimation involves censored regression models such as the
standard Tobit or probit model, then the coefficients themselves do
not directly provide meaningful interpretations as marginal effects.
In this study, the marginal effects are used to examine the impacts of
socio-demographic variables on vegetable consumption.

From equation (9), the marginal effects of socio-demographic, nutrition
information, and dietary status variables, dx, can be derived as follows:

B - g g a,8°8 , 4 28

—+ O
adk adx adk (13)

= B9+ d78:(B;-7i0)

where dx is socio-demographic variable k (k=1, ..., s) which is a
subset of the X variables, 7, and B, are the coefficients associated
with variable k obtained from the first stage probit and the second
stage AIDS vegetable demand model, respectively. For these discrete
dummy variables, a marginal effect is interpreted as the difference in
the dependent variable value (vegetable budget share) as the category
of the dummy variables shifts from the omitted group to the group
under consideration, everything else unchanged.

The marginal effects of socio-demographic variables were
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calculated based on the formula given in equation (13). For the
calculation of the marginal effects, ¢, and #, for each vegetable
group are evaluated for a reference household.® The marginal effects
converted to dollar terms are presented in TableS. The results show
that, ceteris paribus, two person households are also expected to
spend more money on canned (4.6 cents) and frozen vegetables (7.5
cents) and less money on fresh vegetables (23.8 cents) relative to one
person households.

Households who grew vegetables for home consumption are
likely to spend less money on canned (30.5 cents) and frozen
vegetables (12.2 cents) and more money (57.0 cents) on fresh
vegetables than the households who did not grow vegetables at home.
Households with both male head and female heads are likely to spend

TABLE5  Differences in Vegetable Expenditures between A Selected
Household and A Reference Household

Canned Frozen Fresh

Variable Vegetables Vegetables Vegetables
(cents)

CENCITY 8.23 10.22 -23.711
HHSIZE 4.58 7.47 -23.76
HPVEGI -30.46 -12.20 56.97
BHEAD -18.89 17.92 -1.20
COLLEGE -9.64 4.96 15.54
SPRINGSS 15.83 1.31 -23.81
WINTER 45.14 -4.02 -59.50
FALL 35.11 -6.80 -36.81
BCOLLAR 16.21 -4.06 -21.44
FOODSTMP 42.19 -7.97 -50.85
WHITE 19.57 31.49 -71.93
INFOPROF -6.32 8.32 2.18
INFOCOM 4.22 62.30 -13.49
RNVTRFE 21.80 3.53 -41.86
RNVTRVC -0.67 2.82 13.20
NCENT 23.63 -20.10 -8.99
WEST 22.20 -39.73 23.95

* See Choi (1993) for more detail on the reference household.
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more money on frozen vegetables (17.9 cents) but spend less on
canned (18.9 cents) and fresh vegetables (1.2 cents) than female or
male only headed households.

The dietary status of a household (RNVTRFE and RNVTRVC)
had opposite impacts on the expected vegetable budget shares. The
results showed that a one unit increase in the level of food energy
availability (relative to the RDA) would reduce expected fresh vegetable
expenditure by 41.9 cents, but would increase expected canned and
frozen vegetable expenditures by 3.5 cents and 21.8 cents, respectively.

V. Conclusions

The estimation results for the AIDS vegetable demand model showed
that the two stage-SUR method was more appropriate than the one
stage-SUR method in terms of the magnitudes and signs of the
coefficient estimates. The results indicated that the coefficient
estimates for the one stage-SUR model were downward biased due to
the existence of selectivity bias in the censored vegetable demand
system. The estimation results showed that fresh and canned
vegetables, and canned and frozen vegetables can be considered as
substitutes in the Hicksian sense. These results are consistent with the
findings of previous studies. This study also found that the price
elasticities and income elasticities varied across the vegetable groups
and in general, were inelastic. The Hicksian compensated own price
elasticities were more elastic due to the positive income effect for
vegetables. The estimation results showed that many of the socio-
demographic variables significantly impacted vegetable consumption
and their marginal effect varied across the vegetable groups. The level
of food energy availability of the household significantly impacted
canned and fresh vegetable expenditures.

This study utilized the recent NFCS data to examine the impact
of economic and socio-demographics on vegetable consumption using
a censored regression approach. It appears to be the first attempt to
estimate a censored demand system for detailed vegetable products.
This censored regression approach can be applied to the cross-
sectional food demand analysis in Korea.
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