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I .  Introduction 

THE dietary choice of households near sub- 
s~stence levels of nutrient intake is one of 

obvious policy importance. In many countries. 
such as Bangladesh. national goals are set in 
terms of nutritional intake and there is heavy 
intervention in the markets for foods. However. 
little is known about the manner in which food 
preferences vary with food expenditure and nu- 
trient intake. The design of efficient programs to 
aid nutritionally deficient households in attaining 
minimal levels of nutrient intake requires infor- 
mation on all own- and cross-price elasticities for 
both target and non-target groups. The net effect 
of a food price subsidy on the consumption of 
food nutrients cannot be predicted without 
knowledge of the complete elasticity matrix. Re- 
sults pre5ented below demonstrate that substitu- 
tion effects can be so strong that the subsidiza- 
tion of certain foods quite often reduces nutrient 
consumption. 

In this study. demand equations for nine foods 
which allow for extremely flexible consumer 
price response are estimated from the individual 
budgets of 5.750 rural Bangladeshi households. 
Estimation at the household level is preferred 
because it more readily permits the incorporation 
of household composition variables into the de- 
mand analysis. such as household size. occupa- 
tion and employment status, that are typically 
lost in aggregation. There is also a greater range 
and variation in expenditure levels than found in 
grouped data. This is of particular importance in 
the study of nutritional well-being as it is the 
poorest households which are of special interest. 
Moreover. the household sample provides suf- 
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ficient degrees of freedom to estimate a simple 
varying parameter model which requires the es- 
timation of 270 parameters. 

Previous econometric analysis of income-class 
specific dietary choice has been limited and not 
altogether satisfactory. Pinstrup-Anderson. de 
Londono and Hoover ( 1976) estimated complete 
sets of price elasticities for different income 
strata using Frisch's scheme in order to study the 
impact of changes in relative prices on nutrient 
consumption. Their results are suspect because 
of the assumption of want independence neces-
sary for this methodology to be valid. Alderman 
and Timmer ( 1980), who were also concerned 
with studying the relationship between food price 
policy and nutrient intake by income classes, 
econometrically estimated separate price coef- 
ficients for each income group by including 
slope dummy variables in their demand equa- 
tions for rice and cassava in Indonesia. The in- 
clusion of these dummy variables revealed sur- 
prisingly large differences in compensated price 
response across income groups. Although their 
results support the notion that poorer households 
respond differently to prices than the rich, the 
limitations of their data constrained them to con- 
sider only two foods and to specify changes in 
price response which are discontinuous with re- 
spect to income.' 

The formulation and estimation of the food 
demand equations is discussed in section I1 be- 
low. Section 111 presents the results of the esti- 
mation and discusses the nutritional implications 
of movements in relative food prices and other 
exogenous variables. Section IV summarizes our 
findings. 

11. 	 Estimatioil Methods and the Selection of a 
Functional Form 

Standard approaches of estimating demand 
systems are not appropriate when units of obser- 
vation are individual households because of the 

I Timmer (1981) elaborates on these results and the possi- 
bility of curvature in the Slutskq matrix. 
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problems that arise when the consumption of one 
or more goods is zero. As is well known. the 
application of the usual continuous variable es-
timation techniques would result in biased and 
inconsistent estimates because the random dis- 
turbances have nonzero means and are correlated 
with the exogenous variables. Moreover. drop- 
ping those households which do not consume at 
least one of the goods would severely reduce 
sample size and still result in inconsistent esti- 
mates. The limited dependent variable model of 
Tobin ( 1958) (tobit) provides a likely candidate 
for estimating demand equations in this case 
since it permits a positive probability of observ- 
ing nonconsumption. 

The stochastic model underlying tobit is given 
by the following relationship: 

J, = X,p + r r ,  if X,p + I ! ,  2 0 
= 0 if X , p + ~ r , < o  

t =  1 . 2  . . .  'V ( 1 )  

where ,L' is the number of observations. y, is the 
dependent variable. X, is a vector of independent 
variables. /3 is a vector of unknown coefficients 
and I ! ,  is an independently distributed error term 
assumed to be normally distributed with zero 
mean and variance rr'. In order to not further 
complicate the maximization of the nonlinear 
tobit likelihood function it would be best to 
choose a functional form which is linear in the 
parameters. This immediately rules out a large 
number of demand systems. such as the qua- 
dratic and generalized translog. which are rela- 
tively flexible and have been estimated with 
household budget data (using cell means) by 
other investigatbrs (Pollak and Wales. 1980). For 
demand systems which are linear in the param- 
eters, the lack of a computationally tractable 
multival-iate tobit estimator means that the 
adding-up and s),mmetry restrictions derived 
from demand theory cannot readily be imposed.' 

In tobit demand analysis, certain functional 
forms are ruled out by theor>.  If expenditure or 
expenditure share is the dependent variable in a 
tobit demand model and if demand is inelastic. an 

' Wale\ and Woodland (1978. 1980) estimate limited de- 
pendent variable models for system5 of share equa t~ons  by 
maximizing the likelihood function directl). This entails the 
evaluation of multiple integrals under the multivariate normal 
density function. a procedure which is only feasible when the 
number of goods is small. The) estimate this multivariate 
model fol- the case of three goods. 

increase in own-price necessarily implies an in- 
crease in the probability of consuming (positive) 
quantities of the commodity. Novshek and Son-- 
nenschein (1979) have shown that such a re-
sponse on the part of marginal consumers is in- 
consistent with neoclassical demand theory. The 
reason for this perverse response can be seen by 
noting that in the tobit model. the probability of 
consuming is given by the normal cumulative 
function evaluated a; the e x p ~ c t e d  value of the 
unobserved latent variable J*, = X,p + r r , .  As is 
well known. expenditure, and therefore E(y* , ) ,is 
an increasing function of own-price if demand is 
inelastic. In this case, the probability of con-
sumption rises with own-price even though ex- 
pected demand will normally fall. 

A functional form which is linear. does not 
incorrectly model the response of marginal con- 
sumers. and allows for flexibility in response to 
prices and other exogenous variables across ex- 
penditure groups is 

where ! i  is physical consumption of the i"' good, 
111 is real expenditure, pJ is the price of the ,ftl 

good, c,, is the I\"' household characteristic. s, is 
the rtl' time period. and the ( x i .  p,. y i i .  Hi,,. and 6, are 
parameters to be estimated. Furthermore, the 
parameters pi. y,. and Hi,, themselves vary as 
follows: 

p, = p," + pItt1In ? ? I ,  

y . .I ]  = t Iy.." + yti" '  In in. 


Hi,, = HikO + Hi,."' In in 


The data used for the estimation are taken 
from the tapes of the Household Expenditure 
Survey of Bangladesh 1973174. the results of 
which are summarized in Bangladesh Bureau of 
Statistics ( 1978) and Rabbani and Hossain 
(1978). Only data from rural areas were used in 
the estimation. The surveys were carried out in 
four successive quarters beginning in 1973 111. 
Nine commodities are distinguished for the pur- 
pose of this research: rice. wheat flour. mustard 
oil. fish, onions, spices. pulses, fresh milk and 
potatoes,' These items nearly 90% of 

' We have excluded non-food commodities from our de- 
mand anallsis. In doing so we are assuming that foods are 
separable from nonfoods in the households' preference order- 
ing. In addition, a similar assumption is made with respect to 
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total food expenditure, 95% of calorie intake, 
93% of protein intake and no less than 80% of the 
intake of iron, thiamine, riboflavin and niacin by 
rural households in Bangladesh. 

Prices are those of the village in which the 
household resides and have large variances as a 
result of seasonal supply variation and the spatial 
variation resulting from Bangladesh's difficult 
topography and poor transportation infrastruc- 
ture. Approximately 800 villages were surveyed 
and the sample size for the estimation is 5,750. 

The consumption and expenditure data are 
scaled to per capita terms in the estimation. This 
does not mean that all household members are 
assumed equivalent. Average household con-
sumption is explicitly made a function of the c, 
household composition variables in (2) .  Intro- 
ducing expenditure in real rather than nominal 
terms in (2)  and (3) is done for two reasons. First, 
it would not be sensible for parameters to vary 
with nominal expenditure, as this would repre- 
sent money illusion on the part of consumers. 
Second. the use of real expenditure and nominal 
prices allows us to interpret the estimated price 
coefficients in a compensated response sense. In 
investigating the effect of price policy on nutri- 
tion. i t  is important that pure substitution effects 
be isolated as the sign of their effect on nutrition 
is The price index used deflate ex-
penditure is that used by Stone (1953), P = II,p,"! 
where the it., are expenditure shares, which can 
be thought of as a general index of prices (Deaton 
and Meullbauer. 1980). Homogeneity of degree 
zero in prices is readily tested in (2) and (3)  by 
restricting I ,y , ,  = 0. 

Information on three household characteris-
tics, household size, cultivator status and num- 
ber of earners. is available. The variable CUL-
7 lVA7OR has the value zero if cultivation is a 
5ource of income and one otherwise. Households 
i i ~ l l t* a t ~ n gonly kitchen gardens o r  only supply- 
ing agricultural labor are not considered cul-
tivator\. The variable EARNER is the number of 
persons who bring "material return in cash or in 
kind for services rendered and/or for the use of 

food commoditie5 which are not included in our set of nine 
because of data unavailability. The major groups excluded 
include meats. fruits and green vegetables. all of which are 
relatively unimportant in terms of total food expenditure. 
However. fruits and vegetables are important sources of vi- 
tamins A and C,  and thus these nutrients are not considered 
in the di\cussion of results that follow. 

land, property and capital" (Bangladesh Bureau 
of Statistics, 1978, page 4). Unpaid family work- 
ers are explicitly defined as earners. In practice 
this seemingly broad definition applied mostly to 
adult males. Data on the age and sex composition 
of households are not available. However, the 
SIZE,  CULTIVATOR and EARNERS variables 
incorporate some information on household 
composition. It is more likely that additions to 
households are children and that earners are 
adults and probably male. CULTIVATOR picks 
up two distinct effects. First, as a demographic 
variable, it picks up any difference in food pref- 
erences between cultivator and noncultivator 
households resulting from the exertive labor of 
cultivators and any special nutritional require-
ments. Second, the CULTIVATOR variable ad- 
justs for differences between ex-farm prices and 
the retail food prices of the data set. Households 
will consume more of a food which they produce 
since the relevant price to them, the ex-farm 
price, is less than the retail price as a result of 
marketing costs.4 

111. Results 

The parameter estimates, which are not re-
ported here for reasons of space, are hard to 
interpret because the underlying parameters vary
with per capita expenditure, instead, after first 

discussing hypothesis tests, we will closely ex- 
amine elasticities. 

Table 1 presents test statistics for the null hy- 
pothesis that each of the underlying varying pa- 
rameters of the demand equations is zero. Wald 
test statistics, which require only estimation of 
the unrestricted model, are presented because of 
the high computational costs of the more com- 
monly used likelihood ratio test, which requires 
reestimation for each restriction.' 

It would be better if we had information on household 
cultivation specific to each food. Unfortunately. these data 
were not available. 
' The Wald test statistic. W. is calculated a s  

where ?/ is the vector of maximum likelihood parameter esti- 
mates which we are interested-in testing. ( 0  - I?) are the 
restrictions to be tested, and 1 ' ( 0 ) ' is the covariance matrix 
of 8. As>mptotically, W has a X' distribution withadegrees of 
freedom equal to the number of restrictions in ( 0 - t?). 
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T A B L E  1.-TESI S l  A l  IS1 ICS FOR T H E  D E V A N D  EQCATIONS 
-. 

Coefficients: 
Ricea 
Wheat" 
Pulses,' 
Fish" 
Mustard Oil" 
Onions.' 
Spices" 
Milk" 
Potatoes“ 
Expend,' 
Size“ 
Earners" 
Cultivator.' 
Season\" 

Other tests: 
Unvarq ing parameters' 
Absence of price effects" 
Unvarqing price parameters' 

Demand Equation 

Mustard 
Rice Wheat Pulses Fish Oil Onions Spices Milk Potatoes 

126.45 49.66 42.88 
131.01 73.60 2.24 
60.45 13.38 77.40 

130.07 2.79 0.79 
123.02 47.45 17.70 

4.61 7.20 0.37 
24.83 13.65 57.98 
40.26 20.23 10.67 
25.39 9.56 14.59 

555.38 21.57 93.18 
170.57 22.37 4.58 
13.53 26.16 16.14 
91.78 280.47 7.96 
61.91 48.35 47.95 

724.42 96.73 125.66 
646.26 220.61 229.08 
1 1  1.49 79.16 17.41 

' h a l d  tc51 C'ntlcal ~ a l u e \  w t h  ? degrees of freedom are *'( 05) = 5 99 and k2( ill)  = Y 221 
I h a l d  tc51 value, w t h  3 dcgrccs of freedom are x'( 05) = 7 81 and *'( 01) = 1 1  34C r ~ t ~ c a l  

I . ~ k e l ~ h w d  C r ~ t ~ c a l  of freedom arc h'( 05) = 2 2  36 and x'( Oli - 27 69 ratlo tc\t ~ a l u e ,  ~ r i t h  13 degree, 
I h a l d  tc51 Crlt~cal ~ n l u e \  ujth 18 dcgrccs of freedom arc ~ ' i051 = 28.87 and k'i i l l ]  = 34.81 
Wald te5r ( ' r ~ t l ~ a lialuc, ulth Y degree, of freedom arc *-(.ilS) = I6 92 and x ~ (Oll = 21.67 

The test statistics of table 1 indicate a consid- 
erable degree of price response for all food com- 
modities. Out of 81 estimated pairs of price 
coefficients, 60 are significantly different from 
zero at the 0.05 level and 55 are significant at the 
0.01 level. Table 1 also provides test statistics for 
hypotheses incorporating larger numbers of pa- 
rameters. The hypothesis that the parameters of 
the underlying model ( 2 )  do not vary with real 
expenditure is strongly rejected in every case. 
We test further whether all price coefficients are 
jointly zero and whether they do not vary with 
expenditure. The former hypothesis is rejected in 
every case and the latter in all cases except 
potatoes at the 0.05 level. In summary, the data 
strongly support the varying parameter specifica- 
tion of the model. 

In the tobit the expected of 
the dependent variable y is given by 

E(>, )= az F i z )  + a f ( z )  (4) 

where z = X P I a .  Fi ) is the normal cumulative 
distribution function and ,f( ) is the unit normal 
density (subscripts are omitted for simplicity), 
The of this with respect to 
an argument xi  is 

iJE(?..) s, 
e , = - - - - - - - - - - - - - - a ( d z / d s , )  F ( z ) s , / E ( j . ) .  

as, E ( V )  

( 5 )  

This elasticity can be decomposed as 

dF(z )  s, ilE(T) s,E, = ------+ -
d l  F ( z )  ils, E (f ) 

(6) 

where E ( j )  = E ( . ) / F ( z )  is the expectation of y 
for y > 0 (non-zero consumption), the first term 
on the right-hand side is the elasticity of the 
probability of consuming with respect to s,, 
which will be referred to as the participation elas- 
ticity (qii), while the second term is the elasticity 
of the expected consumption of consuming 
households with respect to s,.which will be re- 
ferred to as the nonlimit consumption elasticity 
( E , " ) . ~  

Results are presented below for two represen- 
tative households. Both households have five 
members, one earner, and are cultivators. The 
high expenditure household. labeled "percentile 
25," has a level of per capita food expenditure 

This elasticity decomposition is the same as that pro- 
posed by Thraen. Hammond and Buxton (1978). McDonald 
and Moffitt (1980)choose as an alternative decomposition the 
fraction of mean total resDonse due to resDonse above the 
limit. 
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greater than 75% of sample households, and the 
low expenditure household, labeled "percentile 
90" has per capita food expenditure greater than 
10% of \ample households. The latter household 
represents the median level of food expenditure 
for the lowest 20% of households, a group with 
serious nutritional deficiencies, while the former 
household represents the median of the top 50% 
of food consumers, a group without serious nutri- 
tional deficiencies. 

Table 2 presents estimates of own-price and 
expenditure elasticities for these two representa- 
tive households. Differences in elasticities be- 
tween the two representative households are 
quite striking. For example, the wheat and mus- 
tard oil uncompensated own-price elasticities are 
-0.72 and -0.09, respectively, for the poor 
household compared with -0.06 and -0.72 for 
the richer one. In six of nine cases, the poorer 
household is more sensitive to changes in own- 
prices. The only uncompensated own-price elas- 
ticities to rise in absolute value with total expen- 
ditures are those of mustard oil, fish and onions. 
These results are qualitatively the same for com- 
pensated own-price elasticities. Note that the 
compen\ated elasticity for rice is substantially 
smaller than the uncompensated elasticity, 
reflecting its large share in budgets. 

The participation component of own-price 

T ~ B I  4 N Dt ~ . - O \ ~ ' N - P R I C ~  
--. .-

Uncompensated 
Own-Price Elasticities 

E , ,  c,z " 9," 

Percentile 25 Expenditure 
--. 

Rice -0.83 -0.00 -0.83 
Wheat -0.06 -0.03 -0.03 
Pulses -0.51 -0.11 -0.40 
Fish -0.97 -0.33 -0.63 
Mustard Oil -0.72 -0.15 -0.57 
Onions -0.60 -0.23 -0.37 
Spices -0.65 -0.09 -0.55 
Milk -0.25 -0.13 -0.11 
Potatoes -0.96 -0.66 -0.30 

Percentile 90 Expenditure 
-

Rice -1.30 -0.09 -1.21 
Wheat -0.72 -0.37 -0.35 
Pulses -0.68 -0.35 -0.33 
Fish -0.66 -0.36 -0.30 
Mustard Oil -0.09 -0.05 -0.04 
Onions -0.49 -0.24 -0.25 
Spices -0.76 -0.27 -0.49 
Milk -1.08 -0.85 -0.23 
Potatoe\ -1.68 -1.37 -0.32 

elasticities ranges considerably across foods and 
representative households. For example, in the 
low expenditure household, participation re-
sponse accounts for 82% of the total potato 
own-price elasticity and is greater than non-limit 
response in six of nine cases. In contrast, partici- 
pation response for rice is effectively zero for the 
high expenditure household and is dominated by 
non-limit response in six of nine cases. These 
differences reflect the greater probability of con- 
suming more diverse goods at higher levels of 
expenditure. 

The expenditure elasticities found in table 2 
vary significantly across foods and with total ex- 
penditure level. Wheat, only recently consumed 
in substantial quantities, is a very inferior food- 
grain for both representative households. The 
highest expenditure elasticities are for milk. 
potatoes and mustard oil. The only expenditure 
elasticities which do not rise with total per capita 
expenditure are rice, wheat and milk. The fish, 
milk and onions expenditure elasticities differ the 
most between low and high expenditure house- 
holds. 

Table 3 presents the entire uncompensated 
cross-price elasticity matrices for our two rep- 
resentative households. The absolute values of 
24 out of 72 cross-price elasticities of the percen- 
tile 90 household exceed 0.250, suggesting the 

EXPEKDITUREEI  4 S I I C l  l l t S  

Compensated 
Own-Price Elasticities 

Expenditure 
Elasticities 

E,, E,," E , ,"  9 ,,, %,,ti' 9 ,,," 

-0.26 -0.00 -0.26 0.94 0.00 0.94 
-0.09 -0.05 -0.04 -0.24 -0.13 -0.11 
-0.47 -0.10 -0.36 1.04 0.22 0.82 
-0.89 -0.30 -0.58 1.02 0.35 0.67 
-0.66 -0.14 -0.52 1.31 0.27 1.04 
-0.59 -0.22 -0.37 0.69 0.26 0.43 
-0.62 -0.09 -0.53 0.74 0.11 0.63 
-0.20 -0.11 -0.09 1.91 1.04 0.87 
-0.94 -0.65 -0.29 1.88 1.29 0.58 

-0.57 -0.04 -0.53 1.19 0.08 1 . 1 1  
-0.73 -0.38 -0.35 -0.10 -0.05 -0.05 
-0.64 -0.33 -0.31 0.84 0.43 0.41 
-0.62 -0.34 -0.28 0.50 0.28 0.23 
-0.05 -0.03 -0.02 1.03 0.58 0.45 
-0.49 -0.24 -0.25 0.09 0.05 0.05 
-0.74 -0.27 -0.47 0.47 0.17 0.30 
-1.02 -0.80 -0.22 2.52 1.98 0.54 
-1.66 -1.35 -0.31 1.61 1.31 0.30 
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significance of substitution in response to price 
interventions. Many of the cross-price elas-
ticities vary with expenditure to the point of 
changing signs. For example, an increase in the 
price of wheat will result in a large increase in 
milk consumption by poor households ( E  milk, 
wheat = 0.495) but a fall in milk consumption by 
wealthier households ( c  milk, wheat = -0.192). 
Of key importance to policy makers in 
Bangladesh are the larger than unity elasticities 
of demand for wheat with respect to the price of 
rice. The prices of rice and wheat, the primary 
food grains of Bangladesh, are heavily influenced 
by government intervention, and as the negative 
expenditure elasticities of wheat suggest, wheat 
is consumed in larger rthsollr~c quantities by 
lower expenditure households. This evidence 
suggests that wheat may have the characteristics 
desired for a cost-effective food subsidy pro- 
gram. This point will be further discussed below. 

C'. ~Vtrtric,trt Pric.c~ Elli.s~ic.itic~.\ 

The demand elasticities of table 3 provide in- 
formation on the response of food intake to any 
change in food prices but do not directly provide 
information on the resulting intake of food nutri- 
ents. Although the subsidization of a food will 
increase its consumption, we cannot predict the 

sign of the change in nutrient intake. If substitu- 
tion is strong, and we have shown that it is. and 
the foods being substituted for are important 
sources of nutrients, the net effect of a subsidy 
on nutrient intake may be negative. Information 
on the response of nutrient intake to any change 
in food price is contained within the matrix of 
tllrrric.r~r pric e rlrr~ric itir.5, whose elements 4,,,are 
calculated as 

where a,,,' is the quantity of nutrient rl per unit of 
food i ,  and $,,,is the elasticity of nutrient 11 with 
respect to food price j .  We will refer to (7) as the 
uncompensated nutrient price elasticity, and will 
define $*,,,as the compensated price elasticity 
calculated by replacing E, ,  with E * , ,  in (7) above.R 

Table 4 presents matrices of 4,1jfor the two 
representative households. Since these are un- 
compensated elasticities, it is expected that most 

The (I,,, were taken directly from Gopalan et al. (1974). 
Calculating nutrient elasticities in this manner seems 

clearly preferable to the procedure adopted by Alderman and 
Timmer (1980). They estimated a separate regression having 
calories as a dependent variable with prices. income and 
other exogenous variables as regressors. Such an approach is 
uncalled for since all the parameters of the true calorie-price 
relationship are completely identified from the individual de- 
mand equations. 

Percentile 25 
Expenditure 

Price of: 
Rice 
Wheat 
Pulses 
Fish 
Mustard Oil 
Onlons 
Spices 
Milk 
Potatoes 

Percentile 90 Expenditure 

Price of: 
Rice 
Wheat 
Pulses 
Fish 
Mustard Oil 
Onions 
Spices 
Milk 
Potatoes 

TABLE 3.-UI*CO'~IPEI*SAI E D  P R I C E  ELASTICITIES 

Quantity of 

Mustard 
Rice Wheat Pulses Fish Oil Onions Spices Milk Potatoes 
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will have negative signs. The greatest (in abso- 
lute value) uncompensated calorie price elastic- 
ity for the calorie-deficient percentile 90 house- 
hold is for rice. This is not surprising since rice is 
the leading source of this nutrient. Wheat, a 
much less important food than rice in terms of 
expenditure share, nevertheless has the largest 
absolute nutrient price elasticity for protein, both 
minerals and two of the three vitamins. More- 
over, only it and potatoes have uniformly nega- 
tive rows of nutrient elasticities for the low ex- 
penditure household. That is. the uncompen-
sated subsidization of wheat or potatoes will in- 
crease the net intake of all of the nutrients of 
table 4. The wheat price row is also negative for 
the high expenditure household. 

Positive elasticities have the interesting impli- 
cation that an uncompensated increase in the 
price of that food will itlc.rc,trsc,  consumption of a 
particular nutrient. A row of positive elasticities 
implies that an increase of that food price will 
increase the consumption of crll nutrients. The 
onion price row has this property for the 90th 
percentile household. Onions would seem a 
likely candidate for this attribute because they 
are a high-cost source of nutrients. However, 
spices are an even higher cost source of nutrients 
(in most cases) and yet the spice row is negative 
for all nutrients except calcium. Although sub- 
stituting equivalent values of spices with other 
foods almost always leads to an increase in total 

nutrient intake, spice cross-price effects are such 
that an increase in its price still results in a net 
fall in nutrient intake. 

There are important differences in nutrient 
price elasticities between the two expenditure 
groups. Note the substantial difference in the 
magnitude of the elements of the rice price row 
relative to the elements of the wheat price row 
between the two representative households. Un- 
compensated changes in wheat prices have much 
larger effects on the nutrient intake of the 90th 
percentile household than on the 25th percentile 
household, while the opposite is true for rice 
prices. This reflects both the much larger share of 
wheat and smaller share of rice in the nutrient 
intake of the poorer households, and differences 
in the relative sizes of demand elasticities. The 
cases of calcium, thiamine and riboflavin illus- 
trate these inter-household differences well. 

Information on pure substitution effects are 
required for designing cost effective target 
group-oriented food programs (Selowsky, 1979). 
yet little is known about them at the household 
level. The compensated nutrient price elasticities 
tell us the net effect of pure substitution on the 
intake of the various food nutrients, perhaps in- 
duced by a price subsidy program. While the sign 
of income effects on nutrient intake is most likely 
positive for nutritionally deficient households, 
the sign of pure substitution is not easily pre- 
dicted. 

T A B IF 4 - U I \ I C O \ ~ P E N S ~ ~t~ N L T R I E N TP R I C E  E I  A S I I ~ I I I t 5  
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Per~ent l l e25  
Exnendtture Protetn Fat Carbohydrate Ca lor~es  C a l c ~ u m  Iron T h ~ a m ~ n e  Rlboflav~n Nlac~n  

Rice 
Wheat 
Pul\es 
Fish 
bfu5tard Oil 
Onions 
Spices 
Milk 
Potatoes 

Percentile 90 
Expenditure 

Rice 
Wheat 
Pulse\ 
Fish 
Mustard 011 
Onion\ 
Spice\ 
Milk 
Potatoe\ 
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If income effects are positive, compensated 
nutrient price elasticities will be larger than their 
uncompensated counterparts. This is true in 
every case in tables 4 and 5 .  As should be ex- 
pected, the compensated nutrient price elas-
ticities for rice, the most important food expendi- 
ture item of both representative households, dif- 
fers the most from the uncompensated elas-
ticities. 

The elasticities associated with onions are, of 
course, all positive in the compensated matrix as 
they were in the uncompensated matrix. The row 
of $*,,, associated with pulses is also positive. 
This is 5omewhat surprising since pulses are an 
important and inexpensive source of protein in 
the Bangladeshi diet and have been considered 
favorably on nutritional grounds by the govern- 
ment in its deliberations on price policy. These 
results argue that compensated decreases in the 
price of pulses will in fact reduce the nutrient 
intake of the nutritionally deficient population. 

For policy makers intent on using selective 
food price subsidies as a means of attacking mal- 
nutrition, it is the negative elasticities of table 5 
that are of key importance. Subsidization will 
augment calorie consumption in the cases of only 
four of the nine foods-rice, wheat, milk and 
potatoes. In the case of protein, only for wheat, 
mustard oil, milk and potatoes will this be true. 
The compensated subsidization of wheat has a 

greater positive effect on both calorie and protein 
intake than proportionately equivalent subsidies 
on any of the other foods. It is interesting to note 
that potatoes are second only to wheat in its 
subsidy induced effects on protein consumption. 
This is surprising since potatoes are a more ex- 
pensive source of protein per unit of expenditure 
than all other foods except spices in our sample. 
Indeed, the cost of protein derived from potatoes 
is over eleven times greater than protein derived 
from wheat or pulses. Its large and negative pro- 
tein price elasticity compared with the positive 
protein elasticity of pulses indicates the impor- 
tance of studying substitution and the errors that 
can arise by using cost per unit of nutrient pro- 
vided as the criterion by which nutrition oriented 
price policy is formulated. 

The results of table 5 make it clear that pure 
substitution effects make rice, the preferred food 
grain, a foodstuff whose compensated subsidiza- 
tion would reduce the consumption of most food 
nutrients. Treating fat and carbohydrate as com- 
ponents of calories, note that lower rice prices 
will reduce the intake of all food nutrients by the 
low expenditure household except for a very 
small gain in calories. The magnitude of the re- 
ductions in protein, calcium, iron, thiamine and 
riboflavin intake are quite large-all of these elas- 
ticities are above 0.3. In contrast, wheat would 
seem an ideal candidate if subsidization is de- 

T A B It ~ . - C O \ ~ P E N S ~ IN U T R I L NP R I C E  El 4S71CITIESt~ 1 
-. . -
---- -. -. 

Percentile 25 
Expenditure Protein Fat Carbohydrate Calories Calcium Iron Thiamine Riboflavin Niacin 

Rice 
Wheat 
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Fish 
Mustard Oil 
Onions 
Spices 
Milk 
Potatoe\ 

Percentile 90 
Expenditul-e 

Rice 
Wheat 
Pulses 
Fish 
Mustard Oil 
Onions 
Spices 
Milk 
Potatoes 
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sired because all of its compensated nutrient 
price elasticities are of the correct sign and have 
the largest magnitudes for every nutrient except 
calcium. Treating carbohydrates as a component 
of calories, potatoes also have a row of negative 
nutrient elasticities. 

Pure substitution effects on nutritionally better 
off households are quite different. The wheat 
price row of q5*,,, for the percentile 25 household 
is now uniformly positive. That is, a compen-
sated wheat subsidy will reduce the intake of all 
nutrients for this household. This complete 
change in signs reflects both the smaller share of 
nutrients derived from wheat by this household 
and the large differences in own- and cross-price 
compensated elasticities between high expendi- 
ture and low expenditure households. 

The nutritional effect of incremental food ex- 
penditure can be summarized by the nutrient ex- 
penditure elasticity 4,,,,,,defined as 

4,,,,,= ~ 1 ~ ~ , 1 , ~ , ) / Z , ~ ~ , , , E ~ Y , ) ., 1 , ~ ~ ~ , (8)  

Table 6 provides estimates of +,,, for both 
representative households. The vector of +,,,,, for 
the percentile 90 household consists of elements 
which are all less than unity. That is, increments 
in food expenditure result in less than propor- 
tionate increments in the consumption of all nu- 
trients. In choosing foods, poorer households put 
more emphasis on meeting perceived nutritional 
needs than on taste. These households choose 
foods which are inexpensive sources of nutri- 
ents, for example, obtaining the bulk of their 
protein from vegetable sources. At higher levels 
of expenditure, households substitute for foods 
decired on "taste" grounds even though this may 
mean obtaining nutrients at higher average cost. 
This is seen clearly in the data on cost of nutri- 
ents consumed found in table 6. The percentile 25 
household spent 2257 more per gram of protein, 
155'r more per calorie and as much as 44% more 
per milligram of iron than did the percentile 90 
household. Of course, if this household had con- 
sumed foods in the same proportions as the 90th 
percentile household, its consumption of these 
nutrients would be higher by these same percent- 
ages. Recall that both households face the same 
set of pnces so that these cost of nutrient differ- 
ences represent only differences in diet. 

TABLE6.-NUTRIENT E X P E ~ D I T U R E  A N D  T H FELASTICITIES 
~-

COSTOF NUTRIENTSCONSUMED 

Cost of Nutrients 
Consumed by 
Percentile 25 

Nutrient Expenditure 
Elasticity of Nutrients 

Consumed by 
Percentile Percentile Percentile 90 

25 90 Household 

Protein 
Fat 
Carbohydrate 
Calorie 
Calcium 
Iron 
Thiamine 
Riboflavin 
Niacin 

The small size of the nutrient expenditure elas- 
ticities of the percentile 90 household may be 
rather surprising. The nutrient intake of this 
household is significantly below requirements 
and yet nutrient elasticities are as low as 0.45 and 
none is higher than 0.78. The implication is that 
even very poorly nourished households can im- 
prove nutrition by altering their diet. For exam- 
ple, highly subsidized wheat flour is a much 
cheaper source of protein, calories, calcium and 
iron, and of all other nutrients identified in this 
study. Substitution of wheat flour for rice will 
have a dramatic impact on nutritional status. At 
the extreme, if the 90th percentile household 
consumed nothing but wheat flour their con-
sumption of protein and calories would rise by 
1 lo% and 7757, respectively, and they would ex- 
ceed the minimum nutritional requirements for 
protein, iron, thiamine, riboflavin and niacin. To 
achieve an equivalent rise in calories by aug-
menting total food expenditure given the existing 
pattern of food preferences would require it to 
more than double. A tripling of expenditure 
would be necessary to get the same increase in 
protein intake. Thus, even for the very mal-
nourished, substitution among foods can im-
prove nutritional status more dramatically than 
the largest imaginable income transfer program. 

IV. Summary 

A number of lessons emerge for policy makers 
concerned with designing target group oriented 
food programs. First, disaggregation by income 
class is essential because the poor respond very 
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differently to changes in prices and total expendi- 
ture. It is these differences in response which 
suggest that it may be possible to target interven- 
tions toward poor households. Second, substitu- 
tion effects are strong and cannot be ignored in 
formulating pclicy. In Bangladesh, there are 
many instances where subsidization of foods 
would result in absolute declines in nutrient in- 
take because of cross-price effects. A related 
point is that although households obviously ben- 
efit nutritionally from substituting low cost 
sources of nutrients for high cost sources, cost 
per unit of nutrient is a ~ o o r  and often misleading 
guide in identif, ing candidates for subsidization. 
For example, subsidization of pulses, the lowest 
cost source of protein in Bangladesh (along with 
wheat). would result in a net decline in protein 
consumption by poor households. Third. sup- 
plemental income may not be as effective at 
augmenting nutrient intake as programs which 
induce substitution for foods which are low cost 
sources of nutrients. Nutrient elasticities with 
respect to total food expenditure were found to 
be surprisingly small for low income households. 

Knowledge of the complete matrix of nutrient 
price elasticities would be extremely useful in 
designing nutrition-oriented food policy. Nutri- 
ent price elasticities summarize the net effect of 
food price changes on net nutrient intake. Exam- 
ination of the matrix of nutrient price elasticities 
estimated for rural Bangladesh reveals wheat 
flour as  an ideal candidate if it were decided to 
use subsidies to achieve nutritional objectives. 
The uncompensated and compensated elas-
ticities of nutrients with respect to the price of 
wheat flour are uniformly negative and of large 
magnitude for a representative poor household. 
In addition, wheat flour possesses other attri- 
butes which, as noted by McCarthy (1975), tend 
to target subsidies towards the poor and thus 
increase cost-effectiveness. It constitutes a sig- 
nificant fraction of the consumption of the poor 
but little of the rich. Indeed, its demand elasticity 
with respect to total food expenditure is negative 
over the entire range of expenditure studied. Fur- 
thermore, poor consumers are much more re-
sponsive to its own-price than are wealthier con- 
sumers. Rogers and Levinson (1976) document 
that wheat flour. in particular pre-ground wheat 
flour. has these same attributes in Pakistan and 
that its subsidization is effectively being targeted 
towards nutritionally deficient households. 
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