
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


Imputed Missing Incomes and Marginal
Propensity to Consume Food

Jonq-Ying Lee

This study has demonstrated the use of a type 2 tobit model to impute the incomes
for nonresponding households. The imputed incomes generated from the type 2 tobit
model for nonresponding households indicate that average incomes of nonresponding
households are slightly higher than those of responding households. Furthermore, this
study demonstrates that under the assumption that the predicted incomes derived
from the type 2 tobit model are accurate, the deletion of nonresponding households
would cause an overestimation of the impact of income on food expenditures for
households with annual incomes of less than $20,000.

Key words: Engle curve, food expenditure, imputed income, switching regression.

The estimated relationships between income
and food consumption have been used to as-
sess impacts on food consumption of different
federal food program alternatives such as di-
rect income supplementation versus food
stamp supplements (West and Price; Neenan
and Davis). Recent studies (Huang and Rau-
nikar; Brown and Johnson) on food expendi-
ture and income relationships have used the
data provided by the 1977-78 U.S. Depart-
ment of Agriculture Nationwide Food Con-
sumption Survey (NFCS). Despite the wealth
of information provided by this survey, nonre-
porting of household income is a common and
pervasive problem. Approximately 25% of all
households fail to report income figures. It is
a common practice to exclude nonreporting
households from the analyses when such a
problem is encountered (Huang and Raunikar;
Brown and Johnson; Capps, Tedford, and
Havlicek). Deletion of these households from
empirical analysis may, however, lead to sta-
tistical problems caused by sample selection
bias.

Greenlees, Reece, and Zieschang match the
data from the March 1973 Current Population
Survey with administrative data from the So-
cial Security Administration and the Internal
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Revenue Service to develop a method to im-
pute wages and salaries of nonrespondents in
the Current Population Survey. They used a
logistic model that expressed the probability
of responding to questions about income as a
function of wage or salary level. Individuals
with higher wages and salaries have smaller
probabilities of responding. Their results also
indicate older individuals are less likely to re-
spond than younger, and those with more years
of education are less likely to respond than
those with fewer years of education. The re-
sults further indicate residents of the eastern
region of the United States are less likely to
respond to questions concerning income than
individuals in the other three regions of the
United States. Race does not appear as a sig-
nificant factor in determining the probability
of response.

The results from the Greenlees, Reece, and
Zieschang study imply that if nonreporting
households are excluded from the analysis of
food expenditures, the marginal propensity to
consume food may be overestimated.

Using the 1977-78 NFCS data, Capps and
Cheng used probit and logit models and showed
that the probabilities of reporting household
income information can be explained by a set
of household socioeconomic characteristic
variables.

The purposes of this study are (a) to develop
a method for imputing missing incomes when
the probability of nonresponse depends on a
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set of socioeconomic characteristic variables,
and (b) to demonstrate that the inclusion of
nonreporting households and their imputed
incomes in the analysis of food consumption
may change the estimated marginal propensity
to consume food along with the estimated im-
pacts of socioeconomic variables on food con-
sumption.

Method for Imputation and Data

The problem of estimating the parameters of
econometric models when some observations
are missing has been treated along two differ-
ent lines. In the first category of methods, the
missing data are considered as functions of
additional parameters (Afifi and Elashoff). In
the second approach the missing data are con-
sidered as random variables on which some
assumptions are made (Anderson; Afifi and
Elashoff; Dagenais; Gourieroux and Monfort).

In this paper, the second approach is used
in the context of a linear model in which some
observations of an exogenous variable are
missing; this exogenous variable will be ex-
plained by an auxiliary linear relationship in-
volving the other exogenous variables. Con-
sider the linear model

(1) y= xAl + z42 + e,

where y is a vector (n x 1) of observations of
the endogenous variable, and x and z are (n x
1) and (n x k) matrices of observations of
exogenous variables. The disturbance ehas zero
mean, and its variance-covariance matrix is
given by var(e) = o21; f = ((1, 02), and a2 are
unknown parameters.

Assume that all the elements of y and z are
observed and that some elements of x are not.
In order to obtain some additional informa-
tion on the missing values of x, and as im-
plicitly assumed in Dagenais,1 it is assumed
that x is given by

(2) x = zy + u, E(u) = 0, var(u)= 21;

where u and e are independent, z is either a
constant matrix or a random matrix indepen-
dent of e and u, y and r2 are unknown param-
eters.

' Greenlees, Reece, and Zieschang show that the probability of
response depends on income; therefore a better specification of (4)
should include income in Xo,. Because of the lack of income in-
formation on nonrespondents, an income variable was not in-
cluded in (4).

Assume the data on x are randomly missing,
i.e., the events xi are observable, for i = 1, 2,
... , n, have the same probability, X, and the
probability is independent of the parameters
of the model and that these events are inde-
pendent of each other. Let the observations of
the variables belonging to the set associated
with the complete data (I) be (Y, x, zc). For
i E Im = (1, 2,..., n) - I, the data on the
first exogenous variable (denoted by xm) are
missing, whereas the data on the other vari-
ables are known and denoted by ym and zm.

Gourieroux and Monfort showed that the
estimators d* and A* of the parameters of in-
terest, A1 and f 2, obtained by applying ordinary
least squares (OLS) to the submodel associated
with complete observations

Y = x,3 1 + Zcf2 + ec,

are unbiased and consistent. However, the
asymptotic covariance matrix is a function of
x and X (Gourieroux and Monfort, p. 583).

The approach used in this study consists of
predicting the missing data by xm = Zmy, where
7 is the OLS estimator obtained from

(3) x, = zy + U,;

then the estimator 3 of 3 is obtained by ap-
plying OLS to model (1) in which the missing
data Xm are replaced by xm,

(4)

with
(5)

yc = xc3 1 + Zc3 2 + ec

Ym = -Xm,,i + zm3 2 + em

em = em + (Xm - Xm)fl?.

Gourieroux and Monfort showed that when
xm and em are asymptotically uncorrelated, then
f is consistent and asymptotically normal. The
asymptotic variance of fl is the same as that
of P*, and p2 is asymptotically more efficient
than p2.

In this study, a type 2 tobit model (Amemiya
1984, p. 31) was used to impute incomes for
individual nonrespondents. The type 2 tobit
model used in this study is defined as follows:

(6)
(7)
(8)

i* = Zl i'- + Uli,

Xi* = Z2iY2 + U2i,

xi = xi* if I* > 0
=0 if I*-O,

i= 1,2, ... ,n,

where xi is the household income, (uli, u2 ) are
iid drawings from a bivariate normal distri-
bution with mean zero, variance 2r and r2, and
covariance a12. It is assumed that only the sign
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of i is observable, i.e., whether the household
had reported its income or not; and that xi is
observable only when I > 0, i.e., income vari-
able is observable only when the household
had reported it. It is assumed that zi are ob-
served for all i, but z2i need not be observed
for i such that If • 0.

Heckman's two-step estimator can be used
in this model (Heckman 1976, 1979; Ame-
miya 1984). First, one gets an estimate 7'1/U1
of y,1/l by the probit maximum likelihood
method (Maddala, pp. 26-27).2 Then regress
x* on z2 i and X(zZlli/Ul) by OLS using only the
observations from I,, where X(.) is the hazard
rate (/(.)/F(.)) and its reciprocal is known as the
Mill's ratio (Amemiya 1984). Note that in the
second step,

(9) X! = Z2i,2 + (o1 2/o 1 )X(z 1il/ll&) + E2i

for all ii > 0.

Note that the residuals ui and u2i are heterosce-
dastic; thus the weighted least squares method
was used to estimate (9) (Maddala, p. 225).

If one considers the model given by equa-
tions (6) through (8) and the nonzero obser-
vations of xi, one can derive the expectation
of xi as

(10) E(xi l > 0) = z2 72 + (a12/ 1a)(z1 iYl/l).

Equation (10) was used in this study to impute
the income of nonrespondents.

The above procedure was applied to data
from NFCS. Approximately 15,000 house-
holds from the forty-eight contiguous states
were surveyed during the data collection pe-
riod from April 1977 through March 1978.
The NFCS public tapes contain detailed in-
formation on household food consumption and
expenditures and numerous measures of each
household's socioeconomic characteristics.

The empirical analysis includes data from
14,597 households. Among these households,
only 10,973 of them reported annual incomes.
The auxiliary variables used in the estimation
of equations (6) and (9) include the number of
household members in twelve age-sex cate-
gories, household size squared, and a number
of dummy variables for region, urbanization,
race, presence and employment status of male
and female household heads, and participation
in the food stamp programs. Descriptive sta-
tistics for the basic variables employed in this

2 Because It is observed as a dichotomous variable, one can only
estimate yl/a,, where l

2 = var(u).

study are given in table 1. The next section
reports the two-stage estimates for (6) and (9).

Results

The estimates for (6) and (9) are presented in
table 2. Note that the coefficients for f/Fi in
(9) is statistically different from zero, which
indicates that the correction for selectivity bias
was necessary. Results of (6) indicate that the
presence of older members in the household
would decrease the probability of reporting
household incomes, which is consistent with
the result by Greenlees, Reece, and Zieschang.
In addition, the probability of reporting house-
hold income is positively related to the pres-
ence of a male household head and to the em-
ployment status of female household head.
Because four different panels were used to col-
lect the food consumption information by the
NFCS, seasonal dummy variables were in-
cluded in the model to capture the differences
among these panels. The estimated coefficients
for seasonal dummy variables show that
households have a low probability of reporting
their incomes if they were in the winter panel
and highest if they were in the spring panel.

The estimated coefficients for the urbaniza-
tion dummy variables indicate that house-
holds located in central cities and suburban
areas have a higher probability of reporting
their incomes than those located in rural areas.
In addition, there are regional differences in
the probability of reporting household in-
comes. The results for the regional dummy
variables show that households located in the
north central and southern regions are less like-
ly to report their incomes than those located
in the western and northeastern regions of the
United States.

The estimates of household composition for
income equation (9) show that the addition of
older members in a household contributes more
to household income than the addition of
younger members. The addition of female
members in a household contributes less to the
household income than their male counter-
parts. The positive impact of household mem-
bers between ages of four and fifteen years may
reflect the different stages of a household in its
life cycle rather than their actual contributions.
In addition, household income is negatively
related to household size.

The results of (9) also show that households
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Table 1. Sample Means and Standard Errors

Respondents Nonrespondents

Variable Mean Standard Error Mean Standard Error

Income ($1,000)
Food expenditure ($)

Household composition
M < 3
F 3a

10 M> 4
10> F> 4
15 M - 11
15 F> 11
25 > M 16
25 > F> 16
50 > M > 26
50 > F > 26
M >50
F > 50

Household size
Food stamp b (%)
Male empl.c (%)
Female empl. c (%)
Race (white) (%)

Presence of household heads (%)
Male head
Female head

Education of female head (%)
High school ed. (F)
College ed. (F)

Panel (%)
Winter
Spring
Summer

Residence (%)
Central city
Suburban

Region (%)
Northeast
North central
South

Observations

13.9144
44.8724

.0927

.0883

.1860

.1840

.1233

.1206

.2726

.2946

.4300

.4835

.2989

.3704
2.9450

07.22
56.83
37.93
85.10

76.17
91.76

50.22
27.37

26.04
23.99
23.30

30.46
35.65

24.54
24.03
34.18
10,974

10.8615
27.6525

.3173

.3045

.4707

.4750

.3790

.3764

.5686

.5619

.5082

.5106

.4671

.5156
1.6672

25.88
49.53
48.52
35.61

42.61
27.50

50.00
44.59

43.89
42.91
42.28

46.03
47.90

43.03
42.73
47.43

14.1386d
46.0385

.0737

.0682

.1584

.1562

.1170

.1178

.2950

.3024

.3896

.4426

.4004

.4994
3.0207

05.55
05.49
33.53
85.54

77.43
94.21

51.52
26.13

30.49
17.63
23.54

26.71
33.86

20.53
29.14
37.53
3,624

6.5988d
28.7294

0.2893
.2781
.4529
.4356
.3664
.3627
.6238
.5745
.5093
.5132
.5028
.5570

1.6872
22.89
49.77
47.21
35.17

41.81
23.37

49.98
43.94

46.04
38.11
42.43

44.25
47.33

40.40
45.45
48.43

Note: Data compiled for the 1977-78 USDA Nationwide Food Consumption Survey.
a Represents the number of males (M) and females (F) present in the household ages less than or equal to three years. Same notations
were used for other sex-age groups.
b Food stamp program participant equals one, all else equals zero.
c Represents the employment status of male and female heads. If employed, the variable equals one, equals zero otherwise.
d Imputed income from (10).

participating in the food stamp program have
lower incomes than nonparticipating house-
holds and households with employed male or
female household heads have higher incomes
than those households with unemployed
household heads. In addition, employed male
household heads contribute more to income
than employed female household heads. The
results also show that white households have

higher incomes than non-white households and
that income level is negatively related to the
presence of household heads and positively re-
lated to the education of female household
heads.

The estimated coefficients for seasonal dum-
my variables indicate that household incomes
are lower for those households in the spring
and summer panels and higher in the winter
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Table 2. Parameter Estimates for Equations (6) and (9)

Probability Equationa Incomeb

Variable Estimate Standard Error Estimate Standard Error

Intercept
M&F< 15c

M <3
F<3
10> M> 4
10 F > 4
15 >M > 11
15> F> 11
25 > M > 16
25 > F> 16
50 > M > 26
50 > F > 26
M > 50
F > 50
(Household size)2

Food stamp
Male empl.
Female empl.
Race (white)
Male head
Female head
High school ed. (F)d
College ed. (F)d
Wintere
Spring"
Summere
Central city f
Suburban f

Northeastg
North centrals
Southg
f/F
F-value
Adj. R2

No. observations
Wt. SSR h

AICh

1.0650
-. 0374

-. 1276
.1432

-. 1993
.1611

-. 3283
-. 3215

.0053

.1467
-. 0130

.0998

.1566
-. 0425

-. 0597
.2253
.0308
.0970
.0851
.0473

-. 2641
-. 1876

.0688

.0281

.0321

.0332

.0459

.0420

.0507

.0462

.0028

.0516

.0333

.0260

.0549

.0598

.0306

.0335

.0321

.0295

.0277

.0386
.0375
.0360

14,597
14,557
7,967

4.3902

.1648
-. 0029

.5846

.5722
1.4928
1.1758
3.2345
3.0708
7.0768
5.5389
8.1069
5.7645

-. 1181
-3.4121

5.8589
.9463

1.9487
-2.0009
-3.3272

2.4615
6.7514

.7701
-1.5426
-. 3064
-. 1798
1.0537
.3070

1.4491
-. 4112

-14.0400

1,190.18
.3818

10,974

2.2701

.3306

.3382

.2818

.2834

.3189

.3227

.5372

.5963

.8086

.6778
1.2800
1.2751
.0285
.6091
.2544
.4072
.2436
.6985
.4809
.2740
.3033
.3219
.8184
.2574
.4181
.3787
.2770
.9823
.6967

8.4578

aMaximum likelihood estimates. Number in parentheses are standard errors for estimates.
bWeighted least squares was used for corrections of heteroscedasticity.
c Represents the total number of persons in the household of age less than 15 years.
dPrimary school education was used as the basis of comparison.
eFall panel was used as the basis of comparison.
f Rural residence was used as the basis of comparison.
g Western United States was used as the basis of comparison.

Weighted SSR = 2i(Yi - F)
2
/(F,(1 - F)), and AIC is the Akaike Information Criterion (Amemiya 1981, pp. 1504-5).

panel relative to the incomes of those in the
fall panel. Households located in suburban
areas have higher incomes than those located
in rural areas. Households located in the north
central region have the highest incomes among
the four regions investigated.

Equation (10) was used to impute the miss-
ing incomes for nonreporting households. The
average imputed income for nonrespondents
is $14,139 (with a standard deviation of
$6,599), which is about 1.6% higher than the

average income for reporting households, i.e.,
$13,914 (with a standard deviation of$10,861).
This result is consistent with the result re-
ported by Greenlees, Reece, and Zieschang,
i.e., high income households are less likely to
report their incomes than low income house-
holds.3

3 Greenlees, Reece, and Zieschang reported nonrespondents' in-
comes are about 8% higher than respondents' incomes.
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Table 3. Parameter Estimates for Equation (10)

Food Expenditure

Respondents Only Nonrespondents

Variable Estimate Standard Error Estimate Standard Error

Intercept
Income < 10a

10 < income < 20
Income > 20
M<3
F<3
10 > M > 4
10 > F > 4
15 > M > 11
15> F> 11
25 > M > 16
25 > F> 16
50 > M > 26
50 > F > 26
M > 50
F> 50
(Household size) 2

Food stamp
Male empl.
Female empl.
Race (white)
Male head
Female head
High school ed. (F)b
College ed. (F)b

Winterc
Springc
Summerc
Central cityd

Suburban d

Northeast e

North centrale
Southe
F-Value
Adj. R2

No. observations

-. 4614
.4226
.4198
.3602

8.8895
8.0130

11.1564
10.0934
13.5507
13.1537
15.7273
12.4185
16.9188
14.9955
18.3237
13.9963
-. 3244
3.6857
.7183

-1.8190
-. 3407
2.1740

.7887
1.0172
.1244
.6177

-. 5966
1.3659
2.5436
1.5110
5.1920
-.1548

-1.2282
346.3060

.5017
10,973

1.2668
.1060
.0494
.0248
.7401
.7602
.5971
.5965
.6900
.7011
.5448
.5618
.7939
.7230
.8738
.8029
.0477
.8384
.5900
.4353
.5920
.9384

1.0858
.6152
.7016
.5426
.5265
.5366
.5046
.4737
.5715
.5757
.5677

-. 0675
.2757
.3485
.3412

8.8192
7.7932

10.5252
9.9556

13.9850
13.1387
15.3544
11.7644
16.0039
13.7487
17.8685
12.8345
-. 2847
3.2976
1.6134

-1.7998
.3958

-2.3204
1.3484
1.8210
1.1298
.9813

-. 3498
1.3912
2.7760
.7795

4.9380
-. 5974

-1.6489

447.9640
.4949

14,597

1.1258
.0910
.0428
.0243
.6580
.6756
.5217
.5233
.6084
.6071
.4699
.4880
.6786
.6249
.7511
.6873
.0411
.7449
.5123
.3805
.5173
.8012
.9506
.5251
.6044
.4468
.4700
.4645
.4363
.4035
.5332
.5289
.5099

a In thousand dollars.
b Primary school education was used as the basis of comparison.
c Fall panel was used as the basis of comparison.
d Rural residence was used as the basis of comparison.
e Western United States was used as the basis of comparison.

In order to evaluate the influence of imputed
income on the estimates of marginal propens-
ities to consume food, a linear Engel relation-
ship was used, i.e.,

(11) Exp,=a+ byi, i= 1,2,...,n;

where Expi and y, represent the ith household's
food expenditures and income, respectively,
and a and b are parameters.

To control for differences in household size
and composition, efficiencies related to econ-
omies of scale in food consumption, and other
circumstances that vary across households, a

number of specific variables were added to
equation (11). In addition, the income param-
eter b was allowed to shift across selected in-
come levels.

The complete model estimated was

(12) Expi = a, + ~ aksk, + bmDmiyi + Ui,
k m

where the s's are demographic and socioeco-
nomic variables, the D's are dummy variables
for different income categories, the a's and b's
are parameters to be estimated, and u is the
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usual disturbance term [the ui's are indepen-
dent N(0, o-2)]. The demographic and socio-
economic variables employed are the number
of household members in twelve age-sex cat-
egories, households size squared to capture the
effects of economies of scale in food con-
sumption, and a number of dummy variables
for region, urbanization, race, education and
employment status of the female head, pres-
ence of male and female heads, and partici-
pation in the food stamp program. Table 3
shows the results for equation (12). The first
two columns present the parameters and stan-
dard errors estimated from all households
which reported their incomes, and the last two
columns show the parameters and standard
errors estimated from all households in the
survey, i.e., both income reporting and nonre-
porting households, employing imputed in-
comes for the nonreporting households [see
equation (4)].

The results in table 3 show that the esti-
mated marginal propensities to consume food
become smaller for those households with an-
nual incomes of less than $20,000 when non-
reporting households with imputed incomes
were included in the estimation. The differ-
ences between other parameters for the two
equations in table 3 were not significant except
that the coefficient estimates for male employ-
ment status, suburban, and education for the
female household head become bigger in ab-
solute values and statistically different from
zero at a = .05 level.

Concluding Remarks

This study has demonstrated the use of a type
2 tobit model to impute the incomes for non-
responding households. The imputed incomes
generated from the type 2 tobit model for non-
responding households indicate that the av-
erage income ofnonresponding households was
slightly higher than that of responding house-
holds. This result is consistent with the finding
in the Greenlees, Reece, and Zieschang study.
However, this study suffers from the lack of
accurate income information for nonrespond-
ing households; therefore, the accuracy of the
predictions generated from the model cannot
be evaluated.

Furthermore, this study demonstrates that
under the assumption that the predicted in-
comes derived from the type 2 tobit model are

accurate, the deletion ofnonresponding house-
holds would cause an overestimation of the
impact of income on food expenditures for
households with annual income of less than
$20,000.

It should be pointed out that this study is
one of the first to attempt to measure the im-
pact of missing incomes on the propensity to
consume food. As such, it suffers from limi-
tations which may restrict the applicability of
the results of the study to assess impacts on
food consumption of different federal food
program alternatives. The specific limitations
stem from the scope of the study and the nature
of the data used.

First, in this study, it is assumed that the
underlying stochastic structure of the model
was not changed by the fact that some obser-
vations are missing. An alternative method
which assumes that the sample selection rule
of the missing observations affects the form of
the model was not investigated. Second, the
data utilized are specific to a particular time
period and to a specific group of people. The
same method could be used with other data
sets, e.g., the Bureau of Labor Statistics 1980-
81 expenditure survey data, to see whether the
same conclusions can be reached.

[Received November 1985; final revision
received March 1986.]
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