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Does the Poor’s Consumption of Calories Respond
to Changes in Income? Evidence from Pakistan

FRANQUE GRIMARD

This paper examines the relationship between income and calorie consumption for
households in developing countries. Recent papers have questioned the strength of this
relationship on the basis of several measurement problems that tend to overstate the
responsiveness of calories consumption to income. The paper uses a household data set
from Pakistan and estimates calories income elasticities for rural and urban households.
The estimation takes into account the concerns raised by Behrman and Deolalikar (1987)
and Bouis and Haddad (1992) about quality effects and unobservable variables. The
paper finds that the elasticity is significantly different from zero. Furthermore, the
relationship appears to be different according to households’ incomes. Poor households’
responsiveness of calories intake to changes in income is greater than that of the entire
sample. These results are consistent with the conventional wisdom that existed before the
recent criticisms.

1. INTRODUCTION

Despite considerable progress in recent decades, the goal of adequate food and
nutrition for all is still elusive.! Eradicating hunger and malnutrition is a high priority
of aid agencies and governments throughout the world. Several policies have been
enacted to fight malnutrition. One of them has focused on raising the incomes of the
poorest people. Indeed, World Development Report 1981 expressed the view that

Malnutrition is largely a reflection of poverty: people do not have income for
food. Given the slow income growth that is likely for the poorest people in the
foreseeable future, large numbers will remain malnourished for decades to
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“The World Health Organisation estimates that over 780 million people, mainly in Africa, South
Asia, and Latin America, do not have enough food to meet their basic daily needs for energy and protein.
More than two billion people subsist on diets that lack the essential vitamins and minerals required for
normal growth and development and for the prevention of premature death and disabilities such as
blindness and mental retardation.



258 Franque Grimard

come... The most efficient long-term policies are those that raise the income of
the poor.

The conventional wisdom proposed above is that income increases should
allow individuals to increase their food intake and nutrient consumption, which in
turn should improve their nutritional status. On the basis of this argument, billions of
dollars of aid have been spent on programmes aimed at raising income of the poor
with the justification that it would reduce malnutrition.

However, recent studies have cast doubts on this conventional thinking. Some
studies have argued that the link between income and nutrient consumption is weak.
Others have questioned the connection between food intake and nutritional status.
Overall, these studies have challenged the relationship between income and nutrition
and have undercut the basis of the funding of the programmes towards the poor.
Whereas a study of the strength of the relationship between food intake and
nutritional status is perhaps best left to nutrition specialists, economists may have
something to say about the link between income and nutrient consumption. Indeed,
recent studies suggest that the view proposed by WDR 1981 overstates the impact of
income increases on nutrient intake. These studies find that the income elasticity of
calories/nutrients is smaller than what was previously estimated and, in some cases,
not significantly different from zero. Furthermore, they find little difference between
the average elasticity and the elasticity for the poorest members of a community.

In an excellent review of the literature, Alderman (1993) discusses the recent
econometric evidence on the link between income and the demand for calories.?
These studies have attacked the traditional view on elasticity on the grounds that it
did not take into account several problems that affect the estimation of the income-
calories elasticity. The first problem is the measurement error. Bouis and Haddad
(1992) point out that since accurate data on income are difficult to collect, total
expenditure is often used as a proxy for permanent income. This causes a bias in
measuring calorie elasticity, since errors in reported food acquisition and in total
expenditures are correlated.® The second potential source of upward bias is missing

>Most studies focus on calories as a proxy for all nutrients. Although it is recognised that
nutrition is more than just calories, this is justified based on the opinion that energy is the limiting element
in poor households’ nutrition. It would appear that a satisfactory consumption of calories is correlated
with an acceptable consumption of proteins. For a different opinion, see Graham and others (1981).

*The direction of the bias when using such a variable cannot always be determined from theory.
For example, when the dependent variable is a measure of food expenditures, the bias of the coefficient of
total expenditures comprises both the standard errors-in-variables bias toward zero and an upward bias
due to positive correlation between measurement error in the dependent and independent variables. To
solve this problem, Bouis and Haddad propose the use of an instrumental variable for expenditure, and in
their study of a sample from the Philippines they find that the elasticity is reduced from 0.41 to 0.25.
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variables. Behrman and Wolfe (1984) argue that higher income is often associated
with higher energy consumption not only because one causes the other, but because
both of them are associated with better schooling for women.*

Besides the omitted variable and errors-in-variables problems, Alderman
(1993) points out that unobserved quality may be a more important source of bias.
Indeed, studies by Bouis and Haddad (1992) and Behrman and Deolalikar (1987)
show a marked difference between elasticity estimates using quantities imputed from
food expenditures and those based on data provided by individuals on the food they
consumed in the previous twenty-four hours. Two explanations have been offered to
reconcile this difference. Bouis and Haddad explain that data on food expenditure
often include purchases for guests and labourers. Since these purchases for non-
family consumption are correlated with income, they would lead to an upward bias.
Behrman and Deolalikar (1987) attribute the smaller elasticities from twenty-four-
hour food recall data to a behavioural source. With rising income, households
increase expenditure on food at a much faster rate than they increase the quantity
purchased. This means that an increase in expenditure on rice would lead to an
overestimate of the increase in calories from rice because the higher expenditure
reflects in part the improved quality of rice purchased.’

If the “revisionist” studies are right and can be generalised to other poor
communities, the justification for allocating aid funds for nutrition may be weak. At
the very least, one should view these funds as income transfers per se without using
any nutritional justification. Another point of view may suggest that these funds are
misallocated and should be directed to other purposes. For instance, a weak link
between income and nutrition would undercut some of the rationale for
complementing macroeconomic adjustment programmes with measures aimed at
protecting nutrient intake. Consequently, it is important to understand the arguments
these studies present and use other data sets to see if the elasticity is not only lower
than previously thought but also if the elasticity for the poorest members of the
community is different from that of the community as a whole.

This paper discusses some of the recent criticisms and estimates the income-
calorie elasticity for households in Pakistan by using two different methods.® It first

“One possible way to deal with the omitted variable bias is to use the community or fixed effects.
Alderman (1986) and Bouis and Haddad (1992) estimate calories demand with household panel data and
find that fixed effects have very little effect on income response.

SFor some food categories, the quality effect can be important. For instance, Alderman (1986)
presents evidence that more than half of total food expenditure elasticities may reflect such quality effects.

®Because of data and estimation concerns, this paper concentrates solely on the causal
relationship from income to nutrition. There is also the possibility raised by the efficiency wage
hypothesis which postulates that a better nutrition brings a higher wage to the individual worker. Some
evidence on the importance of nutrition in determining labour productivity in developing agriculture is
provided by Strauss (1986) for Sierra Leone and by Deolalikar (1988) for South India.
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focuses on Behrman and Deolalikar’s point about the role of unobserved quality. It
estimates calories elasticities for households residing in Pakistan in 1985 using data
on food expenditure as well as on calories consumed, and presents a method to
account for quality effects. The paper indeed finds that once the quality effect has
been taken into account, the calories elasticities are reduced. However, contrary to
Behrman and Deolalikar’s results, the elasticities are still significantly different from
zero and, furthermore, those obtained for the poorest members of the Pakistan data
set used are greater than those estimated for the overall sample.

Secondly, the paper uses a reduced demand form for total calories to estimate
the income calorie elasticity. Both estimation methods yield that the overall elasticity
is significantly different from zero. Furthermore, the calorie-income relationship
appears to be different according to households’ incomes. Poor households’
responsiveness of calories intake to changes in income is greater than that of the
entire sample. These results are consistent with the “conventional wisdom”
summarised above that has been criticised by some recent studies.

The structure of the paper is as follows. First, the data set used in the
estimation will be discussed. Second, the elasticity will be estimated using the
indirect method. Deaton and Grimard (1992) estimated the quantity expenditure
elasticities for the same data set. It is relatively straightforward to convert these into
calories elasticities. Third, the quality aspect will be addressed by calculating the
expenditure-income elasticity of the average cost of nutrient in order to get a more
accurate calorie-expenditure elasticity. The fourth step in the analysis is to directly
estimate the demand for nutrients by estimating linear and non-linear reduced forms.
Having found some elasticities using the two methods, one will then examine the
remaining issues that any estimation of the calorie-expenditure relationship should
address.

2. THE DATA

The data set is the Household Income and Expenditure Survey (HIES) which
was carried out from July 1984 to June 1985 by the Federal Bureau of Statistics
(FBS) of the Government of Pakistan. The HIES questionnaire surveyed households
on their purchases over the previous month. These were recorded on a recall basis.
As it is the case with most household surveys, the HIES recorded expenditures and
quantities but did not collect any prices. 9119 rural households and 7461 urban
households responded to a detailed questionnaire on expenses and sources of income.
The households were surveyed approximately equally over the time-period the HIES
was carried out.

Two categories of quantities are reported in the HIES. The first category
encompasses the goods acquired through market exchanges, whereas the second
refers to goods either given as gifts in kind or as home production. Unfortunately,
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interviewers did not weight the reported quantities. In return, since the HIES was
interested particularly in examining the consumption of items rather than
expenditures, interviewers were instructed to take into account bulk purchases that
would not be consumed during the recall period of a month. Consequently, the
reported quantity should reflect the household’s consumption of food items over the
last 30 days. For both categories, all the quantities of the individual food items that
were available in the survey were converted into calories at the lowest possible level,
using conversion factors from the Department of Agriculture of the Government of
Pakistan. Particular care was taken to account for factors such as milling, bones, and
peels that may influence the transformation of quantity reported into the calories
intake.

Tables 1 and 2 present the budget and calorie shares for the full rural and
urban sectors on a monthly basis by households, commodity groups, and expenditure
decile. Table 1 reveals that rural households spend on average half of their monthly
budget on food but, as expected, that food share diminishes as expenditure increases.
Wheat, a basic foodstuff, sees its relative importance diminishing through
expenditure decile, though the rice budget share rises slightly and then falls. Dairy
products appear to be a normal good. In terms of calories, wheat is by far the
principal source for all rural households, though its relative importance also
diminishes through expenditure deciles. The rice calorie share follows the same
pattern as the budget share: it rises slightly and then declines.

The food share represents 43.3 percent of the average urban household
monthly budget. As in the rural sample, wheat, other foods, and dairy products
comprise the major food expenditures, though the first two items’ importance
declines as expenditure rises. Wheat is the major source of calories for the urban
sector with the other food having the same relative importance as in the rural sector.
Both tables appear to support the taxation analysis carried out in Deaton and Grimard
(1992), which suggested that, for equity and efficiency reasons, rice was a better
candidate than wheat for a consumers’ tax increase.

Calories are totalled for both samples and translated into daily calories
consumption per household member. Table 3 shows the mean and standard
deviations for the average daily calories consumption per capita by expenditure
decile for the urban and rural sectors. The table was computed using all the
observations available for the two samples. The first observation is that the urban
average daily consumption is relatively low: the recommended daily allowance of
calories for a reference Pakistani man with moderate activity is 2550 calories per day,
which is considerably greater than the sample urban average. While the minimum
calorific requirements vary with each individual, the human body does adapt to
restrictive conditions and 2550 calories per day may consequently be a relatively
high figure.
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Table 1
Budget and Calorie Shares, HIES 1984-85
RURAL SECTOR
Expenditure Decile
Commaodity
Group 1 2 3 4 5 6 7 8 9 10 Average
Shares of
Household
Budget (%):
Wheat 152 142 142 134 132 128 123 117 115 9.1 12.8
Rice 2.2 2.4 2.7 2.8 30 29 29 29 2.6 2.3 2.7
Dairy Products 98 114 125 135 13.0 134 135 143 133 12.2 12.7
Edible Oils 5.8 52 4.7 43 42 40 3.8 3.4 3.2 2.6 4.1
Sugar 3.1 3.0 2.8 2.8 29 30 3.0 3.0 2.9 2.8 29
Meats 3.0 3.4 3.3 3.4 3.7 37 3.9 3.9 4.2 4.2 3.7
Other Foods 140 135 131 125 125 122 119 114 113 9.5 12.2
All Foods 531 531 533 528 525 519 513 50.7 49.0 42.7 51.0
Calorie Shares
(%):
Wheat 62.3 605 59.1 576 57.8 57.8 567 558 569 54.0 57.8
Rice 5.5 6.1 7.3 7.8 78 76 8.2 8.1 6.8 6.7 7.2
Dairy Products 5.6 7.6 8.9 10.1 104 107 112 130 124 14.9 10.5
Edible Oils 10.0 9.3 85 8.1 7717 7.4 7.0 6.9 6.9 7.9
Sugar 4.3 4.1 3.8 4.1 40 44 4.5 4.7 4.6 5.2 4.4
Meats 1.0 1.2 14 12 1.2 13 14 14 15 1.6 13
Other Foods 111 111 111 108 11.0 102 104 9.9 107 10.4 10.7
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Table 2
Budget and Calorie Shares, HIES 1984-85
URBAN SECTOR
Expenditure Decile

Commodity

Group 1 2 3 4 5 6 7 8 9 10 Average
Shares of

Household

Budget (%):
Wheat 119 117 107 105 9.6 89 8.4 76 65 4.1 9.0
Rice 1.7 19 20 21 21 24 2.1 1.9 1.8 14 1.9
Dairy Products 9.2 94 99 10.2 98 938 9.9 98 9.6 75 9.5
Edible Oils 55 52 49 47 45 44 42 40 45 24 43
Sugar 33 33 34 33 32 32 31 28 25 17 2.9
Meats 41 46 44 49 52 52 5.4 6.0 6.1 6.2 5.2
Other Foods 117 117 108 109 106 104 10.1 96 9.1 74 10.2
All Foods 475 479 463 469 453 442 432 417 392 308 433
Calorie Shares

(%):
Wheat 579 576 569 563 548 534 526 521 510 460 53.9
Rice 50 58 61 63 74 71 7.2 70 638 71 6.6
Dairy Products 54 55 6.1 6.4 62 6.6 7.3 77 85 108 7.1
Edible Oils 123 122 120 120 124 131 127 133 132 136 12.7
Sugar 67 62 64 63 63 69 7.4 70 6.7 6.8 6.7
Meats 18 20 20 23 24 27 2.7 31 34 43 2.7
Other Foods 10.8 10.6 104 102 104 102 10.0 9.7 103 113 10.4
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Table 3
Average Daily Consumption Per Capita by Expenditure Decile
Urban Sector Rural Sector
Mean Standard Mean Standard
Expenditure Decile Deviation Deviation
1 1878 1041 2176 983
2 1971 2338 2191 856
3 2185 3270 2272 854
4 1963 788 2295 907
5 1978 877 2293 793
6 2153 3625 2389 855
7 2062 2136 2410 758
8 2136 771 2557 1042
9 2261 794 2631 1023
10 2633 1160 3219 1906
Average 2122 1889 2443 1086

Nevertheless, it is still surprising to see a relatively low average since the FBS
tries to oversample rich households in urban sectors. This may be caused by some
underestimation of calories due to the fact that calories consumed outside the house
are not recorded. For instance, there are some households that record no calorie
consumption at all but nevertheless have expenditures on other items. Urban
households are more likely to eat outside the house and the data does not account for
that, though one can find out if the given household has purchased food outside the
house and, by comparing the relative budget shares of food purchased for
consumption in the house and shares of dining out, one can have an idea of the
relative frequency. One additional difficulty is that meals given to servants and
guests are not properly taken into account by the questionnaire. This problem,
pointed out by Bouis and Hadded, may bias the estimation of calories elasticity
upward, since higher income is correlated with more servants, which would increase
the total amount of calories consumed.” Other potential problems include the
possibility that interviewers may have recorded bulk purchases despite FBS
instructions. Hence, accounting for the effects of dining out, meals to servants and
bulk purchases is a priori ambiguous.

The relatively high means and standard deviations for some urban deciles
(2,3,6,7) suggest that the data set has some outliers which may or may not be
legitimate. Greater attention should perhaps be devoted to the removal of outliers in
both rural and urban data sets. Yet this may remove observations that are legitimately

"One could try to account for this using a similar method to that of Deaton and Subramanian
(1994), who regress total calories on the number of meals given to guests and servants in order to adjust
available calories. Unfortunately, the present data set does not allow for this possibility.



Poor’s Consumption and Income 265

low or high. Consequently, all the computations will be done using the full sample
(except when done in logs), though one should be aware that the results, particularly
the urban ones, may be sensitive to the data.® To mitigate the influence of outliers,
the estimation will also be done using the so-called “robust” regressions methods that
reduce the influence of large residuals. It is left to the reader to judge as to which
results encourage more confidence.

3. ESTIMATING THE ELASTICITY

The income-calorie debate originated with a series of articles by Behrman and
associates [Behrman and Wolfe (1984); Behrman and Deolalikar (1987)]. Behrman
and Deolalikar (1987) synthesise the argument: they point out that the purchase and
consumption of food serve many purposes in addition of the provision of nutrients.
Foods providing equal quantities of nutrients may differ in tastes, appearances, social
status, odour, degree of processing, etc. Hence a constant one-to-one relationship
between food purchases and nutrient intake does not necessarily exist. For instance,
it is quite possible that a high food-income elasticity is consistent with low nutrient
income elasticity because, even at a low household income level, there would be a
strong demand for tasty and palatable foodstuffs as opposed to calories per se.

The problem would appear to be empirical: how to properly measure the
nutrients’ responsiveness to changes in income. A first difficulty is that income is
often badly measured and, consequently, is not considered to be a good
approximation for permanent income. Most estimation procedures deal with this
problem by substituting total expenditure for income because it is considered that
expenditure is better measured and is a better reflection of life-time resources. Using
total expenditure as a proxy for permanent income, the literature offers two methods
of measurement of the income elasticity of nutrients/calories: the indirect and the
direct approaches. The direct method first converts quantities of all groups of food
consumed into calories using a nutritional table. For instance, one adds calories
obtained from consuming meat products to those from cereals, and so on. One then
estimates the calorie-expenditure elasticity from a reduced from demand for calories.
The indirect method reverses the order of estimation. First, one finds food group
expenditure elasticities by estimating a food expenditure system. The resulting group

®For instance, Ercelawn (1990), in a calories-based poverty study using the same 84-85 HIES
data set, removed 1181 of the 16580 total observations and found the following averages: 2574 for the
rural sector and 2354 for the urban sector. Though the averages are higher, the relative order of magnitude
remains the same: urban values are still lower than the rural ones. Perhaps the low urban average is not an
artifact of the quality of the data. Table 4 shows a very preliminary selection of data where zero calories
values (70 obs.) and very high per capita values (>7000, i.e., 23 obs.) are removed in the initial urban data
set. The calorie consumption per capita appears better behaved across deciles but shows an even lower
average value. Given that these extreme values may in fact be legitimate, this analysis will perform the
estimation with the full available data.
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Table 4

Average Daily Consumption Per Capita by Expenditure Decile
with Extreme Values Removed

Urban Sector

Expenditure Decile Mean Standard Deviation
1 1947 924
2 1918 759
3 1987 777
4 1984 765
5 1977 683
6 2004 756
7 2036 752
8 2132 740
9 2253 762
10 2558 936

Average 2080 809

elasticities, i.e., that of meat, cereals, etc., on are then additively transformed into
total calories expenditure elasticity by using conversion factors that depend on the
relative importance of each food group in terms of total calories. Theoretically, both
methods should yield the same calorie-expenditure elasticity.

To see this, let us define total nutrients consumed of a particular type (e.g.,
calories)

where n is the quantity of calories consumed, k; is the average calories content of a
unit of food group i, and f; is the number of units consumed of food group i. The total
expenditure elasticity for calories can be found by differentiating the above:

Mo = i0inge + X 0iMie @

where me is the elasticity of any X with respect to E, total expenditure, and 6; is the
share of the total calories consumed obtained from food group i.

Now, let us note that expenditure on the ith food group is E; = pifi.
Consequently, the expenditure elasticity of food demand for the ith food group is

N{E =NEE ~NpE @)

where p; is the unit price of the ith food group. Let us substitute Equation (3) into
Equation (2) in order to have an expression in terms of calories:

Nne = 2 OingE — 2 OimpE + 25 OiMkE 4)
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Unfortunately, household surveys seldom provide the unit price, p;, of the ith
food group chosen by the household. However, since expenditure and quantities of
the food item(s) are available from the surveys, one can use the ratio pi/ki=q; where g;
is the average cost of the calories obtained from food group i. Consequently,
Equation (4) can be rewritten as

n.E =2i%Mge —2i0inge - ()

Equation (5) states that the calories elasticity is a weighted sum of the total
expenditure elasticity of expenditure on the group of goods minus a weighted sum of
how the average cost of calories for each group varies with total outlay. Thus, to the
extent that consumers, as they grow richer, substitute expensive non-nutrient
characteristics for nutrients within the group, nq,e Wwill be large and the overall
expenditure elasticity of calories will be reduced. Both estimation procedures
described above effectively assume that second right-side term in Equation (5) is
zero, that is, that the elasticity of the average cost of nutrient with respect to
income/expenditure is zero.

Behrman and Deolalikar (1987) contend that, operationally, the choice of one
method over another may make a difference. They argue that “the expenditure
system (indirect) approach at the level of aggregation at which it is typically applied
tends to result in higher estimates of nutrient elasticities with respect to expenditure
than the direct estimates, and that the direct estimates probably lead to better, though
still possibly upwardly biased, estimates”. Their argument is based on the issue of
quality. The food good that is used in the food expenditure item is often not a
homogeneous commodity. Rather, it is a composite commodity that comprises
several items of the same category of food. For instance, the food group “meat” may
include not only different kinds of meats such as beef and poultry but may also
consist of different qualities of beef. It may include different kinds such as ground
beef and filet mignon. As households get richer, they would substitute away from the
lower quality cuts toward the more tasty and tender varieties. Not properly taking this
into account would tend to overstate the derived calories expenditure elasticity. The
fact that richer households choose better quality food items of a given category/group
would bias upward the calorie-expenditure elasticity.

The difference between the two estimation procedures is in the degree of
neglect of the income elasticity of the average cost of calories of within food groups.
In practice, most expenditure-based studies utilise a relatively high level of
aggregation of foods. For instance, Pitt (1983) uses 9 food groups. In contrast,
studies that directly estimate nutrient demand typically use nutrient data that are
calculated from the consumption of a much larger number of detailed food groups,
sometimes including different varieties of the same food. Thus, Behrman and
Deolalikar (1987) claim that, because the indirect method applies the calorie
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conversion factors at a high degree of aggregation, “the fixed food-nutrient
conversion factors used by the expenditure-system-based studies are much less
sensitive to intra-food-group substitution of higher-nutrient-cost foods for lower-
nutrient-costs foods with increased total expenditure”. In other words, the higher the
level of aggregation of the commodities, the greater is the second right-hand side
term of Equation (5).

To complement their analytical point, Behrman and Deolalikar use a data set
from rural India, the ICRISAT data set, and estimate the elasticities according to the
two methods. The results obtained from using the indirect method suggest a nutrient-
expenditure elasticity close to one (ranging from 0.77 to 1.18). However, the second
procedure yields estimates that are smaller and not significant at the 5 percent level,
with a range from 0.17 to 0.37. They argue that the critical factor explaining the
divergence of the results is the level of aggregation at which the nutrient/food
conversion factors are applied. They conclude that “the World Bank-type optimism
about the nutrient improvements to be expected with income in [very poor]
communities... seems fundamentally misleading”.

3.1 Calculating the Calorie-expenditure Elasticity
Using the Indirect Method

Let us now estimate the calorie-expenditure elasticity for rural and urban
households in Pakistan in 1984-85, taking into account the various estimation
concerns mentioned above. The first estimation procedure is to indirectly measure the
calorie-expenditure elasticity by using the quantity-expenditure elasticities of the
commodities under study.’ First, let us compute the calorie-expenditure elasticity
without accounting for the quality effect. Furthermore, since one is interested in
determining not only the calorie-expenditure elasticity for the full sample but also
whether it varies across expenditure levels, the estimation procedure should be done
separately for different expenditure levels. As a preliminary step, | chose an arbitrary
division of the sample at the fourth decile. Thus, the estimation will be done for the
first 4 deciles and will then be performed using the last 6 deciles.

Using the HIES 84-85, Deaton and Grimard (1992) estimate an Almost Ideal
Demand System with the methodology of Deaton (1988, 1990) to obtain elasticities
that can help formulate tax reform policies. This paper applies the same method in
order to derive the quantity-expenditure elasticities for the following food categories:
wheat products, rice, dairy products, edible oils, sugar, meats, and other foods. The
expenditure elasticities were computed for the first four deciles and the last six

°All the regressions performed in this paper include province and quarterly dummies to account
for differences across space as well as possible seasonal factors that are not captured by the regressors.
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deciles of the rural, urban, and full data set and are shown in Table 5. In general, the
elasticities obtained using data from the lowest four deciles of the expenditure
distribution are greater than those obtained for the highest six deciles. The special
case is edible oils, a basic commodity whose price is controlled by the government.
The calorie shares corresponding to these commodities are shown in Table 6. With
these two elements, one can apply the indirect method and the first right-hand side
term of Equation (5) can easily be found. Table 7 presents the different calories
expenditure elasticities for the different deciles.

One sees that the calorie-expenditure elasticity for both urban and rural
samples is relatively high (around 0.5) as compared to the Behrman and Deolalikar
results. In addition, the elasticity estimates of the rural sector suggest some type of
non-linearity: the expenditure elasticity for the first four deciles is 0.67 and the one
for the last six deciles is 0.50. This type of non-linearity does not appear in the urban
sector using this method. Of course, without calculating standard errors for the
indirect method, one cannot say for certain whether the rural elasticity is different
across deciles; but Table 7, nevertheless, points to a possible difference between the
poorer and the richer households.

Table 5
Expenditure Quantity Elasticities
Rural Urban
First 4 Last 6 Full First4 Last 6 Full
Deciles Deciles Sample Deciles Deciles Sample
Wheat 0.532 0.378 0.374 0.474 0.367 0.388
Rice 0.822 0.608 0.684 0.884 0.595 0.711
Dairy 1.612 0.775 1.053 1.227 0.902 1.001
Meats 1.188 0.981 1.095 1.061 0.885 0.938
Edible Oils 0.455 0.473 0.417 -0.081 0.459 0.470
Sugar 1.023 0.811 0.865 0.789 0.551 0.648
Other Foods 0.654 0.582 0.593 0.680 0.553 0.580
Table 6
Calories Shares
Rural Urban
First 4 Last 6 Full First4 Last 6 Full
Deciles Deciles Sample Deciles Deciles Sample
Wheat 0.60 0.56 0.58 0.57 0.52 0.53
Rice 0.07 0.08 0.07 0.06 0.07 0.07
Dairy 0.08 0.12 0.10 0.06 0.08 0.07
Meats 0.01 0.01 0.01 0.02 0.03 0.03
Edible Oils 0.09 0.07 0.08 0.12 0.13 0.13
Sugar 0.04 0.05 0.04 0.06 0.07 0.07

Other Foods 0.11 0.10 0.11 0.11 0.10 0.10
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Table 7

Expenditure Calories Elasticities Using the Indirect Method

First 4 Expenditure  Last 6 Expenditure

Deciles Deciles Full Sample
Rural Sector 0.674 0.500 0.526
Urban Sector 0.531 0.479 0.515

3.1.1 Correcting for Quality in the Indirect Method

The indirect method does not take into account the fact that the average cost of
nutrient may vary with income when households seek tastier and more elaborate
varieties within the same commaodity group. The degree of aggregation of the groups
is relatively high and some substitution within each group as households become
richer should be expected. One possible way to determine the income elasticity of the
average cost of calories is to construct a calorie unit value for each category of
goods; i.e., take the expenditure for each category under consideration and divide it
by the total number of calories provided by that category. The same methodology
used by Deaton (1988, 1990) to extract the price and quality effects out of a quantity
unit value can then be used to estimate the nutrient cost-income elasticity, which is in
fact none other than a version of the Prais-Houthakker quality elasticity. Express the
calorie unit value as

N
InVgic = oG + Bg INXic +76 *Zic + 21 VeH IMPHe + Boic - (6)

where v represents the calorie unit value, G the good category, c the cluster, i the
household, z a set of household characteristics and location dummies, x is the total
household expenditure, and p the prices of the N categories of goods considered.
Assume further that prices do not vary within a cluster. Consequently, one can
consistently estimate the Equation by allowing for cluster fixed effects. It is
straightforward to compute the mean of the variables for each cluster and run a
regression using the deviations from the cluster means of all variables, thereby
finding a consistent estimate for B, the total outlay elasticity of the average cost of
nutrient. Doing this estimation for each good gives a crude estimate of the bias
introduce by the neglect of this elasticity in the computation of the calorie outlay
elasticity.

Table 8 shows the calorie cost expenditure elasticities for the full urban and
rural samples. Edible oils and sugar are relatively uniform group commodities with
little quality differences within each group. Consequently, the very low and mostly
insignificant elasticities for these commodities should not come as a surprise. Wheat,
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rice, and in particular dairy products are commodities where within-group quality
differences exist. Indeed, the elasticities are around 0.10 for wheat and rice and are
significantly different from zero.!® The fact that the average cost of dairy products
calories goes down as expenditure rises may be somewhat strange since in the rural
sample, at least, the budget and calorie shares increase with expenditure. This
may be caused by the construction of the variable. A bulk purchase by low-income
households may not be properly recognised."* Note however, that there is no
theoretical requirement that each nq,e be positive. It is plausible that a commodity
group has a negative calorie cost expenditure elasticity. Furthermore, if most groups
had negative elasticities, then the bias in neglecting the second term of Equation (5)
would actually be downward. This, nevertheless, is an unlikely possibility in our
case.

Table 8
Income Elasticities of Average Calorie Cost for Full Samples
Urban Rural
Wheat 0.045 0.105
(0.003) (0.006)
Rice 0.111 0.107
(0.006) (0.008)
Dairy -0.134 -0.038
(0.013) (0.015)
Meats 0.35 0.28
(0.01) (0.01)
Edible Oils 0.001 0.001
(0.001) (0.001)
Sugar -0.000 0.006
(0.001) (0.001)
Other Foods 0.104 0.065
(0.005) (0.005)

Note: Standard errors are in parentheses.

*These numbers are somewhat low compared to the ones found in Alderman (1986). One
possible reason is that the calories for each group were computed by converting quantities into calories at
the lowest level possible given the HIES survey. For instance, calories from milk, butter, and cream were
individually created and then added to create a value for calories for dairy products. The quality effect
would be stronger if quantities of milk, butter, and cream would have been added and then converted into
calories with a given factor.

“For instance, if dried milk (an expensive item per unit of quantity, e.g., kg., but likely to be
cheap in terms of price per litre, once the powder has been mixed with water) is bought only by low-
income households, then the average cost of dairy products may be high, though as richer households
switch to better quality milk and other dairy products, the average cost may decline.
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The second term of Equation (5) can then be computed, thereby resulting in a
more realistic estimate of the calorie-expenditure elasticity, as shown in Table 9. For
the rural sector, the calorie cost elasticity is 0.072, yielding a corrected calorie-
expenditure elasticity of 0.453, whereas the urban cost elasticity is only 0.033, giving
a corrected calorie-expenditure elasticity of 0.482. Thus the upward biases of the
indirect method appear to be somewhat important in the overall sample: 16 percent
and 6 percent higher in the rural and urban cases. However, these hardly bring down
the calorie-expenditure elasticities to zero. If the sample is split at the fourth
expenditure decile and the correction is applied to the different elasticities, the biases
are again still existent but of a relatively small magnitude.

Table 9
Modified Expenditure/Calorie Elasticities Using the Indirect Method
Average Quality
Usual Indirect  Nutrient Cost Corrected
Sample Elasticity Elasticity Elasticity
Rural Sector First 4 Deciles 0.674 0.056 0.618
Last 6 Deciles 0.500 0.054 0.446
Full Sample 0.526 0.072 0.453
Urban Sector  First 4 Deciles 0.531 0.034 0.497
Last 6 Deciles 0.478 0.041 0.437
Full Sample 0.515 0.033 0.482

Thus, based on an arbitrary split at the fourth expenditure decile, the indirect
method estimates suggest that the elasticity is different from zero and that, for the
rural sample, it is somewhat higher for the poor than for the rich. These results are
essentially similar if we choose to split the sample at a higher decile, say at the sixth
or seventh decile, though the difference in elasticities for the rural households is not
as large. Rather than repeat the indirect estimation with a different split, we shall
present the results of the direct estimation with several possible ways to split the
sample.

3.2 Calculating the Calorie-expenditure Elasticity
Using the Direct Method

The other method to calculate the calorie-expenditure elasticity is to estimate
the direct reduced form demand for calories. After having converted quantities of all
groups of food consumed into calories using a nutritional table, one then estimates
the calorie-expenditure elasticity from a reduced form demand for calories. However,
a functional form must be specified and this may bring complications. For instance,
Strauss and Thomas (1990) attempt to derive the shape of the calorie-expenditure
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curve using non-parametric and parametric methods for a large cross-section data-set
from Brazil. With non-parametric techniques, they find some evidence of a non-
linearity in the calorie-expenditure relationship. Their results suggest that when a
certain calorie threshold is reached, households switch to higher protein foods while
maintaining an approximately constant level of calorie intake. Consequently, the use
of a linear form in a parametric analysis would be inappropriate.

However, while a non-parametric regression frees the researcher from
assuming a specific parametric form, this flexibility comes at a price. Indeed, it
becomes very difficult to perform non-parametric analysis when the number of
covariates increases, for the number of computations increases exponentially with the
dimension of the model. Hence, one can only perform a non-parametric regression
with 2 independent variables, realistically. This may not be ideal, especially when
one wants to take into account household characteristics and regional factors which
may be quite influential in determining the consumption of calories in the household.
This is why Strauss and Thomas supplement their analysis with a variety of
parametric functions. A common functional form in the nutrition literature is a
regression of the log of per capita calorie intake, InN, on log of per capita
expenditure, In PCE, and, in some cases, a quadratic term in log PCE, including a set
of other conditioning covariates, W, such as prices or regional dummies, seasonal
dummies, and household characteristics.

INN = Bg + B4 INPCE + B, In PCE? + Wy + e (7

Since the elasticity is a linear function of the log of PCE, this relationship is unlikely
to be able to pick up the curvature in the nutrient functions so that elasticities at low
expenditure levels may be under-estimated if the true relationship between the
elasticity and total expenditure is a decreasing concave function. It is also possible
that a quadratic function will force elasticities at high expenditures to be negative.
Consequently, Strauss and Thomas also include higher-order polynomials in
Equation (7) and propose other parametric forms to reproduce the shape found by
their non-parametric analysis.? They estimate several models for per capita calorie
and protein intake and find elasticities in the range of 0.25 to 0.30 for calories and
0.40 for protein at the bottom decile of PCE. The problem with these functional
forms is that, with the exception of the quadratic polynomial shown in Equation (7),
these functions can hardly be derived from any known underlying utility functions.
They are only used in order to match the non-parametric shape that Strauss and
Thomas have initially found. Consequently, the direct method of estimating

2For instance, they use a log inverse model and add other terms such as the log of the log of per
capita expenditure.
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elasticities should restrict itself to functional forms that can be derived from known
utility functions. If the data set has a considerable number of observations, then the
functional form can be estimated for different percentiles of the expenditure
distribution. Hence, even though we do not perform a non-parametric regression, we
shall still be able to observe if the relationship between calories and expenditure
differs across different segments of the distribution while still accounting for
difference in household characteristics and regional variations.

As an initial step in our direct estimation procedure, Table 10 shows the
simple regression of the log of total calories on the log of per capita expenditure,
family variables, and cluster dummies for the full sample, the poorer and the richer
deciles. The estimates from the direct method are indeed lower in magnitude than the
estimates from the indirect method, particularly those of the richer deciles. It is
interesting to see that once the quality correction has been done on the indirect
estimates, the difference between the estimates from the two methods appears to be
quite small, particularly for the rural sample. As noted above, the direct method also
neglects the within-group substitution factors. The same quality correction method
can be applied to correct for within-group quality differences. As shown in Table 9,
the quality corrections are rather small.

Table 10
Directly Estimated Calorie Income Elasticities (Simple Functional Form)
First 4 Deciles Last 6 Deciles Full Sample
Rural 0.685 0.407 0.478
Urban 0.550 0.267 0.366

Besides the quality factor, the direct estimates also suggest a difference in
calorie consumption responses to outlay changes between the poorer and the richer
households. Without the guidance of a non-parametric regression, it is hard to
determine directly if and where a change in the curvature in the calorie outlay
relationship exists.*® Two alternative elasticity estimation strategies will be pursued.
The first one involves evaluating the linear and non-linear functions suggested by
Strauss and Thomas, using a data-set increasing in size: first estimating the functions
with data from the poorest five percent of per capita expenditure distribution, then
estimating the same functions for the ten percent poorest, and repeating it until the
entire data-set is included in the sample. The second option is to divide the full data-
set in, say, PCE quintiles and estimate the elasticity for each individual quintile and
observe if it varies across quintiles.

BA quick approach is to regress the log of per capita calories against the set of household
variables, the province and quarterly dummies, and keep these residuals. These residuals are then locally
plotted against the log of per capita expenditure using the smoothing LOWESS method described in
Cleveland (1979). The graph is shown in Appendix A.
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Tables 11 and 12 present the elasticities for the linear and quadratic
polynomial models estimated for cumulative increasing percentiles of the distribution
of per capita expenditure. All the models have been estimated with provincial and
seasonal dummies as well as with family ratios to account for household
composition. Each model’s column is followed by another column which examines
the same model by using a robust regression method described in Rousseeuw and
Leroy (1987) in order to have some rough idea of the sensitivity of the parameters to
possible outliers. The method assigns declining weights to extreme residuals and then
re-estimates the model. Of course, this procedure is not ideal since it might remove
the effects of some true small values that may exist in the data, and consequently the
results from these columns should only be treated as an indication of the possible
results that could be obtained with a careful analysis of the observations.

Both tables reveal that for every model, the calorie income elasticity declines
as the sample becomes larger and richer, supporting the notion that the poorer
households may react more to changes in expenditure than the rest of the sample.
Also, although most model offer different elasticity estimates for the first deciles,
they tend to give a similar estimate for each sample: around 0.46 for the rural and
around 0.30 for the urban, which may be considered somewhat high by Behrman and
Deolalikar’s standards.**

Table 11
Expenditure Elasticities of Calories Demand, Urban Sector
Without Cluster Dummy With Cluster Dummy
Cumu-  Lnpce  Lnpce  Quadratic  Quadratic Lnpce Lnpce  Quadratic  Quadratic
lative (Robust) Polynomial ~ Polynomial (Robust)  Polynomial  Polynomial
% iles (Robust) (Robust)
of PCE
05 0.71 0.46 0.56 0.41 0.55 0.58 0.48 0.55
10 0.63 0.43 0.50 0.38 0.65 0.48 0.56 0.45
25 0.55 0.46 0.48 0.43 0.55 0.48 0.48 0.44
50 0.45 0.40 0.40 0.38 0.53 0.47 0.50 0.45
75 0.38 0.37 0.35 0.35 0.48 0.44 0.46 0.43
90 0.34 0.34 0.33 0.34 0.45 0.44 0.45 0.43
95 0.30 0.32 0.31 0.33 0.42 0.42 0.42 0.42
100 0.31 0.32 0.31 0.32 0.37 0.40 0.41 0.41

Note: The elasticities are evaluated at the sample mean for the given percentile. ‘Robust’ refers to an
iterative regression method described in Rousseeuw and Leroy (1987). It first performs a
regression, then calculates weights based on absolute residuals. Large residuals are assigned
smaller weights to reduce their influence in the overall regression.

¥Behrman and Deolalikar (1987)’s preferred estimate is 0.37 with a standard error of 0.37.
Though their estimate is not statistically significant, it does falls between the range of estimates found in
this paper.
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Table 12
Expenditure Elasticities of Calories Demand, Rural Sector
Without Cluster Dummy With Cluster Dummy
Cumu- Lnpce Lnpce Quadratic  Quadratic Lnpce  Lnpce  Quadratic  Quadratic
lative (Robust) Polynomial Polynomial (Robust)  Polynomial Polynomial
% iles (Robust) (Robust)
of PCE
05 1.07 0.70 0.89 0.68 0.69 0.75 1.07 0.78
10 0.89 0.60 0.70 0.55 0.69 0.65 0.86 0.65
25 0.71 0.56 0.58 0.52 0.73 0.59 0.66 0.56
50 0.60 0.52 0.52 0.49 0.66 0.58 0.59 0.58
75 0.55 0.51 0.51 0.50 0.60 0.55 0.56 0.55
90 0.51 0.48 0.49 0.47 0.55 0.52 0.52 0.51
95 0.50 0.47 0.49 0.47 0.53 0.51 0.52 0.50
100 0.50 0.47 0.49 0.46 0.48 0.47 0.51 0.49

Note: The elasticities are evaluated at the sample mean for the given percentile. ‘Robust’ refers to an
iterative regression method described in Rousseeuw and Leroy (1987). It first performs a
regression, then calculates weights based on absolute residuals. Large residuals are assigned
smaller weights to reduce their influence in the overall regression.

As pointed out by Behrman and Wolfe (1984), these estimates may suffer from
omitted variable bias. In their analysis, Behrman and Wolfe found that when the
education level of the household members was accounted for, the elasticity estimates
were reduced. Unfortunately, such information is not available in the HIES data-set and,
furthermore, the data-set is only a cross-section. Consequently, one can only correct for
missing variables at the cluster level. All the models were estimated with a cluster
dummy and the results are shown in the second part of Tables 11 and 12. Instead of
diminishing the relatively high elasticity, adding the cluster fixed effect maintains (not
increases) somewhat the estimates for most deciles and most models in both samples.
This is surprising, since belonging to a cluster with general conditions affecting its
households (be it income conditions, ecological conditions, opportunity sets of goods)
might help explain a relatively high calorie-income elasticity.

The other interesting fact is that for all models, the elasticity decreases with
per capita expenditure deciles, which indicates non-linearity. Furthermore, the
estimates performed with the robust regression routines suggest a declining elasticity.
The estimations suggest a similar shape of the calorie-expenditure curve when using
the parameters obtained for the full sample: a concave curve that gradually becomes
flatter as per capita expenditure rises (though not totally flat). Taken for each decile,
however, this may be different: the first percentiles (5 percent, 10 percent, 25
percent) have more extreme values which may or may not be legitimate. This can
also be seen by comparing the elasticities found using a given model, and the same
model can be estimated using the robust regression routine: for the low deciles, there
is a large difference between the two values (the routine diminished the importance
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of the “outliers” but as the sample gets closer to the 100 percent percentile, the
elasticities obtained by the two methods are almost the same: a sign that the outliers
effects are overwhelmed by the rest of the observations). The point, however, is that
even when crudely accounting for outliers, the elasticities still decrease as deciles
increase. For each decile, the elasticities are similar (except for the lower ones) and
the elasticities for the full sample are indeed almost the same and in the
neighbourhood of the ones found using the modified indirect method, particularly for
the rural sample.

Instead of observing the cumulative percentiles of PCE, dividing the PCE
distribution into a finer grid than the one used for Table 10 might suggest sections of
the PCE distribution which reveal a greater calorie sensitivity. Table 13 presents the
direct calorie-expenditure elasticities computed by using a simple log linear model
for each different quintile of the PCE distribution."® For the urban sample, the
elasticity appears to stay at the level of 0.50 for the first 4 quintiles and then drops
noticeably for the last quintile to around 0.20. As for the rural elasticity, the
noticeable drop occurs after the third quintile. Even at the fifth quintile, the
elasticities are greater than zero.

4. CONCLUSION

The primary theme underlying this paper is the extent to which nutrition will
respond to an increase in income. This paper has tried to measure the calories
elasticity by attempting to deal with some of the criticisms that recent econometric
studies have mentioned. First, the quality issue that Behrman and Deolalikar (1987)
pointed out as a major culprit of upward bias has been dealt with and it is found that
the bias is not very large (around 0.10). Second, the question of omitted variable bias
at the cluster level is handled by using fixed-effect estimation. With the help of these
two methods, the elasticity is found to be not only different from zero but also higher
for the poorer households as compared to the average households. These results, as
of those of Alderman (1986) and Deaton and Subramanian (1994), are close to the
view that was widely held before the revisionist papers of Behrman and Deolalikar
(1987) and Bouis and Haddad (1992), who suggested that the elasticity was near
zero.

Nevertheless, there are several reasons why the elasticities estimated in this
paper may still be biased upward. First, because of data constraints, the regressions
do not include the education level of household members and the household fixed
effects cannot be estimated. The estimates may be lower if these corrections are done
but one may question: By how much? First, introducing a cluster effect does not

BHigher order models were computed but offered insignificant regression parameters for both
samples.
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reduce the elasticity and, as Alderman (1993) reports, the inclusion of household
fixed effects in most studies did not alter the elasticity estimates. Furthermore, given
that education levels are probably higher in the upper quintiles of the income
distribution, one may think that the upward bias is greater when one uses the full
sample rather than when estimating using different quintiles. In other words, the bias
in neglecting education levels may not be large for the lower part of the distribution.
This paper’s results suggest that the elasticity is higher for the poorer households, so
that the upward bias due to a missing variable correlated with income may not be
very large.

Second, this paper does not deal with the measurement error issue brought up
by Bouis and Haddad (1992). Total household expenditure is the sum of food
expenditure and non-food expenditure, each of which is measured with some error.
Food expenditure is the sum of a large number of components—the same
components which, if appropriately scaled, make up the estimate of total calorie
availability. Total expenditure is, therefore, measured with error and the error of
measurement is positively correlated with the composite error term in the regression,
partly determined by the measurement error in calories. Thus, there is a combination
of the standard attenuation bias from the measurement error in total expenditure and
the upward bias due to the correlation in the errors of the independent and dependent
variables. Examining the linear model, Bouis and Haddad argue that the upward bias
outweighs the downward bias. One way to handle this problem is to instrument for
total expenditure. Unfortunately, the present data-set does not yield a valid
instrument. For the sake of argument, however, assume that the measurement error
yields an upward bias that is half of the true value.'® Then, the corresponding values
for the different quintiles for the rural sector in Table 13 would range from 0.4 to 0.2.
Of course, without the standard errors of the IV estimates, one cannot say anything
about whether the estimates would be different from zero. Yet, given the standard
errors of Table 13, one would need quite a large decrease in efficiency when using
the 1V estimator so as to have the elasticity estimate not significantly different from
zero. Hence, although it is reasonable to think that the estimate would be reduced if
the common measurement error was properly dealt with, it may be difficult to argue
that it will bring it down to zero.

Third, one should also recognise that these elasticities are computed from
nutritional data from consumption surveys, which typically yield estimates higher than
those from direct recall data where interviewers observe, measure, and weigh the
consumption of household members. Besides the common measurement error, Bouis
and Haddad attribute this phenomenon to the meals provided to servants and workers

%This proportion is in fact much higher than the one Deaton and Subramanian (1994) find when
they estimate an IV regression with non-food expenses as an instrument for total expenditures. They
obtain 20 percent of the initial value.
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Table 13
Direct Calorie-expenditure Elasticities by Quintiles
Urban Sector Rural Sector
Quintile Lnpce Lnpce (Robust) Lnpce Lnpce (Robust)
1 0.575 0.510 0.778 0.621
(0.027) (0.020) (0.026) (0.019)
2 0.619 0.547 0.579 0.574
(0.066) (0.054) (0.061) (0.055)
3 0.457 0.461 0.570 0.545
(0.076) (0.059) (0.075) (0.062)
4 0.520 0.475 0.383 0.375
(0.072) (0.045) (0.060) (0.056)
5 0.176 0.252 0.389 0.345
(0.045) (0.023) (0.024) (0.017)

Note: Standard errors are in parentheses and cluster dummies have been included in the estimation.
‘Robust’ refers to an iterative regression method described in Rousseeuw and Leroy (1987). It first
performs a regression, then calculates weights based on absolute residuals. Large residuals are
assigned smaller weights to reduce their influence in the overall regression.

and to wastage of calories due to preparation. Due to the ubiquitous lack of adequate
data, this paper does not deal with these problems. However, meals to servants are
unlikely to be a large factor for the poorest households and the estimates from both
methods show that the elasticities for these households are higher. As for wastage,
there is nothing that one can do to handle this problem. As Deaton and Subramanian
(1994) point out, however, this is unlikely to be a source of large overestimation of
the elasticity. If that were indeed the case, one would have to believe that “as income
rise, households buy more food and more calories simply for the pleasure of
throwing them away”.

The last caveat is obviously the data-set itself. No matter how much care is
taken in estimating a relationship, a research will always be limited by the quality of
the data-set used. In the case of the HIES 84-85, Tables 3 and 4 have shown a high-
standard deviation of per capita consumption for some deciles. | attempted to correct
for these possible difficulties with the use of robust regression methods and the use
of a very large number of observations in the hope of removing the effect of extreme-
values problems. Yet , no law of large numbers can deal with systematic problems in
collecting the data and it is possible that the findings of this paper are unduly
influenced by the way the HIES was collected.

Despite the caveats, the results in this paper are reasonable. The calorie-
expenditure elasticity estimates (0.5 to 0.4) of this paper are similar to the estimates
Deaton and Subramanian (1994) find with a data-set from India, and also to those
found by Alderman (1989) with a panel data-set from rural Pakistan. Alderman finds
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elasticities that are within the 0.3 range; is estimates are somewhat lower than those
in this paper probably because information on the education level of the household
members was available to him. This paper and the two above-mentioned studies find
estimates that are closer to the view held before the criticisms brought up by
Behrman and Deolalikar (1987) and Bouis and Haddad (1992). This paper, in
particular, finds a difference between the elasticity for the poorer households and that
of the average households, suggesting a concave shape in the calorie-expenditure
relationship. The estimates obtained here are moderate but clearly positive.

The policy implications, consequently, are similar to those of Reutlinger and
Selowsky (1976) which heavily influenced the WDR 1981 view on malnutrition. A
policy to increase nutritional intake which augments income of the poorest members
of the community appears to be warranted. Of course, concentrating on income only
may not be enough to reduce malnutrition. Nutritional status depends on a variety of
factors, ranging from knowledge about appropriate diets and access to safe drinking-
water to sound natural resource management. Although it is established that the
promotion of nutritional well-being depends on several factors, yet the results in this
paper suggest, most importantly, that policy-makers cannot afford to overlook
income in their bid to tackle hunger and malnutrition.
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Appendix A

Visual Inspection of the Calories-expenditure Relationship

As opposed to Deaton and Subramanian (1994), this paper does not use non-
parametric methods to estimate the calorie-income elasticity. The parametric
estimates that this paper finds suggest some sort of concave relationship between
calories and total expenditure. This can be checked visually by first regressing the log
of per capita calories against the set of household variables, provincial and quarter
dummies. The residuals from this regression are then plotted against the log of per
capita expenditure. Using the statistical software STATA, one can use the procedure
KSM which uses the LOWESS method described in Cleveland (1979). The graph
below shows the relationship for the rural data set. For presentation purposes, the
graph is performed on a 25 percent random sample of the 9119 rural households. The
dots represent the observations and the dark line is the smoothed relationship using
the KSM procedure with the LOWESS method. Although one does not. have the
usual standard errors of a non-parametric regression, yet one can observe a non-linear
relationship.

Lowess smoother, tandwidth = .8
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