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ABSTRACT

A food demand system is proposed, based on demand for energy, variety, and
tastes of foods. By specifying utility as an explicit function of these characteristics,
the entire matrix of demand elasticities can be derived for »n foods and one nonfood
from prior specification of just four elasticities, while avoiding any assumption of
separability between foods.

Thisframework can explain why poorest groups often are most price-
responsive, but also can account for highest price-responsiveness by middle income
groups. The systemis applied to published food consumption data for urban and rural
populations in Pakistan. Elasticities are compared with those obtained in a published
Pakistan study applying an almost ideal demand system (AIDS).
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A FOOD DEMAND SYSTEM BASED ON DEMAND FOR
CHARACTERISTICS: IF THERE IS "CURVATURE" IN THE
SLUTSKY MATRIX, WHAT DO THE CURVES LOOK LIKE AND WHY?’

Howarth E. Bouis

1. INTRODUCTION

In hisreview of empirical estimates of food price and income elasticities that
are disaggregated by income group, Alderman (1986) determined that elasticities,
with afew exceptions, decline (in absolute value) with increasing income. This
pattern occurs across awide range of countries, for cross-section data sets collected at
various frequencies and time intervals, using several estimation techniques. More
recently, Behrman and Deolalikar (1989), using national-level information on food
expenditures and prices for anumber of countries over time, found that food
indifference curves become more sharply curved as food expenditures increase, with
the implication again that price response is higher at lower incomes.*

The prevailing policy conclusion emerging from this literature is that the

nutritional status of the poor may be quite vulnerable to upward fluctuations in prices

of food staples, in that calorie availability often declines as a net result of various

" The author would like to thank Harold Alderman in particular for comments on the many
stages of evolution of this paper. More recently, two referees have provided vauable suggestions.
Francesco Golletti, Lawrence Haddad, and Don Sillers have also provided helpful comments. This
research was partially funded by the Rockefeller Foundation.

! Pinstrup-Andersen, Ruiz de Londofio, and Hoover (1976) presented the first empirical
evidence that low income groups are more price-responsive. Although it was later criticized for
methodol ogical reasons (for example, Brandt and Goodwin 1980), this article spawned an extensive
literature that is only briefly discussed here. Waterfield (1985) provides a review of part of this
literature.



substitutions among foods.? Therefore, a policy strategy of low food prices should
benefit the poor.?

Timmer (1981), on whose article the subtitle of this paper is based, went so far
asto speculate that the utility constant ("pure substitution™) term in the Slutsky
equation declines (in absolute value) by approximately half as much as the income
elasticity declines asincomes rise. However, the underlying causes generating the
apparent higher price-responsiveness of |ow-income households are not well
understood, apart, perhaps, from the intuitive notion that persons in high-income
groups eat, for the most part, what they want to eat when food pricesrise, if only
because food expenditures comprise arelatively low budget share.*

To be without an explicit behavioral model that can account for an empirical
result, which is by now widely accepted, is generally unsatisfactory. A potential

benefit of such an explanatory framework isthat it can reinforce, or call into question,

2 For example, see Timmer and Alderman (1979). An almost universal assumption among
economists is that calories are the primary nutrient limiting improved nutrition in developing
countries. However, recent research has led nutritionists increasingly to focus on micronutrient
deficiencies that tend to come from nonstaple foods in the diets (for example, see Levin et a. 1993
and Behrman 1995b).

% Behrman, Deoldikar, and Wolfe (1988) caution, however, that higher food staple prices (1)
will raise the incomes of somein rura areas and (2) may lead to substitution toward foods of higher
nutritive value, so that higher food prices may not necessarily result in worsening nutrition.

* However, Timmer (1981) explicitly states that the compensated elasticities will be higher
for lower income groups, so that his proposition does not depend on the income effects of price
changes. Neither are the more sharply curved utility functions of Behrman and Deolalikar (1989)
a high income levels a function of the income effects of price changes.



opinion as to the accuracy of past empirical results, and degpen understanding of the
factors that determine demand for foods.

In particular, there was once broad agreement that the calorie intakes of the poor
were highly responsive to increases in income, but this consensus no longer exists (see
Behrman [19954] for arecent synopsis of this debate). Most high estimates are
derived from data collected from food expenditure surveys that have been shown to
lead to upwardly biased estimates both for nutrients and individual foods (Bouis and
Haddad 1992; Bouis 1994). Isit possible that price elasticities have also been
overestimated from these same food expenditure surveys? For example, if (positive)
income elasticities for specific foods are upwardly biased and homogeneity isimposed
(for example, Pinstrup-Andersen, Ruiz de Londorfio, and Hoover [1976] and, possibly,
Pitt [1983)]), then (negative) own-price elasticities also may be upwardly biased (in
absolute value) to satisfy the restriction that price and income elasticities sum to zero.”

While the prospect that empirical estimates of price-response of the poor may be

overstated is specul ative, a reasonable argument, nevertheless, can be made on a priori

> A second possible cause for upwardly-biased price elasticities is also related to how food
expenditure data are collected. One plausible explanation for upwardly-biased income elasticity
estimates is that food transfers from higher income to lower income households go significantly
underrecorded in food expenditure surveys (some empirical evidence consistent with this proposition
is provided in Bouis, Haddad, and Kennedy [1992]). Thus, food purchased by higher income
households (net of measured food leakages in the form of food given to hired |aborers and poorer
relatives and neighbors) overstates actual consumption, while food purchased by the poor
understates actual consumption. If transfers are higher during high-price months of seasonal
scarcity, the measured food intakes of the higher income households will appear to rise (holding
other factors constant) in high price seasons, while the intakes of the poor will appear to decline.
Thus, price response of the poor may be exaggerated, while price response of higher income
households may be understated.



grounds that energy intakes should not be responsive to changesin food prices, if
indeed the energy intakes of the poor are not income-responsive. Low-energy income
elasticities indicate that poor consumers give paramount consideration to avoiding
hunger, and much lower priority to purchase of nonstaple foods (which are more
expensive sources of calories) and nonfoods. If the poor do place such ahigh
preference on avoiding hunger, it would then seem inconsistent that they also would
not make every effort to maintain calorie intakes as food prices vary.

The primary objective of this paper is to propose a methodological approach
that eventually may help to resolve the disagreements and seeming inconsistencies
described above with regard to food demand behavior of the poor, which have arisen
from what are inevitably subjective interpretations of underlying behavior based on
reduced-form estimates.® The general approach, that of motivating food demand
behavior out of adesire for food characteristics, has been known for some time
(Gorman 1956, 1980; Lancaster 1971), but the particular specification proposed is

new. This paper seeks to capitalize on a useful property of hedonic demand systems,

® For example, Timmer and Alderman (1979, 987) state that "The income elasticities for rice
show that Indonesians do have strongly held food preferences and will exercise them as income
permits.” Pitt (1983, 113) asserts that "At higher levels of expenditure, households substitute foods
desired on taste grounds even though this may mean obtaining nutrients at higher average cost.”
Behrman and Deolalikar (1989, 666) conclude that "Estimates suggest increasing taste for variety
as food budgets increase.” They go on to state (p. 667) that "Underlying changing food variety, of
course, are different quantities of different attributes related to nutrition, taste, appearance, status
value, texture, etc. Asincome increases, people may choose greater food variety in order to obtain
different combinations of such attributes.” This paper will specify mathematical expressions that
provide separate, explicit measures of variety and of taste in diets, from which estimates of shadow
prices for these characteristics may be derived.



that of providing an empirical link between shadow prices for explicitly defined
characteristics and elasticity magnitudes for specific goods.”

A second valuable property of hedonic demand systems that this paper seeks to
exploit is that such systems economize on the number of estimated parameters that are
required to compute a complete demand matrix of own-price, cross-price, and income
elasticities® A new, cost-effective methodology for food-demand-parameter
estimation is introduced, which is derived from the proposed behavioral structure.

Use of expenditure systems to reduce the number of parameters required for
estimation has been criticized when applied at the level of food group disaggregation
typically required for policy analysis (Deaton 1975; Blundell and Ray 1984). In
particular, al expenditure systems assume some form of separability between utility
derived from various foods, assumptions that are difficult to accept apriori. The food
demand system proposed here makes the opposite assumption, that marginal utility
derived from consumption of any food depends on the level of consumption of al//
other foods. Moreover, data requirements are even less stringent for this new
methodology as compared with data requirements for expenditure systems.

The paper is organized asfollows. In section 2, a"demand for characteristics'
modél is specified in which food acquisition behavior is motivated by (1) demand for

energy to dleviate hunger, (2) demand for variety in the diet, and (3) demand for

’ For example, see Gorman (1980, 851).

8 For example, see Pudney (1981, 430).



tastes inherent in particular foods. Analysis of properties of the model in section 3
will show that, in general, demand for variety in the diet increases price response.
Demand for energy, described by two parameters, may increase or decrease price
response. The relative importance of shadow prices for these characteristics varies by
income group, and specific foods contain all three characteristicsin varying
intensities. Thus, it cannot be determined a priori that a specific income group will be
more price-responsive than other income groups, with respect to changes in the prices
of all foods.

Section 4 implements the characteristic demand framework to derive food
demand matrices for urban and rural populations in Pakistan, using published data
from a nationwide food expenditure survey. These matrices are compared with food
demand matrices estimated for Pakistan by Alderman (1988), using an amost ideal
demand system (AIDS) framework. In order to demonstrate empirically the link
between the underlying demand for food characteristics and price-responsiveness,
section 5 presents awide range of own-price elasticities generated by this system,
using the Pakistan data, under alternative assumptions as to the relative weights
assigned to individual food characteristicsin the utility function. Section 6 of the

paper draws final conclusions and indicates directions for future research.



2. A FOOD-CHARACTERISTIC DEMAND SYSTEM (FCDYS)
AN INTUITIVE INTRODUCTION

In low-income households in poor countries, families spend a high proportion of
total income on food, and a high proportion of total food expenditures on alow-
calorie-cost staple, to avoid going hungry. How will such low-income households
react if the price of thislow-calorie-cost staple (say wheat) falls? The household
could afford to substitute some preferred staple (say rice) without going hungry (a
Giffen-good outcome). A drawback of such a decision, however, is that the diet
would still consist ailmost entirely of bland cereals. The household may prefer instead
to continue eating nearly the same amount of wheat as before to meet its energy
requirements, and to supplement an essentially monotonous diet with some relatively
inexpensive meat. If the latter situation is the case, if nonstaple consumption is more
important to the household than the superior taste of rice, then the uncompensated
own-price elasticity for wheat may be (negative but) very low in absolute value.

Now suppose that the lower price of wheat in the above example prevails but
that the income of the household has gone up on a permanent basis. The family can
afford substantial variety in the diet represented (say) by some meat at every med,
and even can afford the relative luxury of some rice consumption. Suppose that the
price of wheat rises (although still remaining below therice price). The household is
wealthy enough now not to have to worry about the specter of hunger (alow energy

intake), despite the wheat price increase. The household may be willing to substitute



substantial amounts of rice for wheat. Because the household pays more for cereals
now, both total cereal consumption and meat consumption may be reduced
marginally. However, although total utility goes down, the marginal utilities of
"energy" (calorieintake) and "variety" (nonstaple consumption) have declined enough
that the least utility islost by giving up some calorie intake and nonstaple
consumption, but recouping some utility from the superior "taste" of rice. A higher
price response is observed for the middle-income household than for the low-income
household.

This example has introduced concepts to be developed more formally below. It
raises the possibility that low-income households may be constrained in responding to

price changes by the need to consume large amounts of alow-calorie-cost staple.®

MODEL SPECIFICATION
Utility isafunction of energy, variety, and tastes (characteristics of quantities of
food consumed) and of nonfood purchases. Total utility derived from these three
characteristics and from nonfoods is the weighted sum of their individual utilities:
n

U = WU E) + wU,V) + _Elwtiuti(qi) = WU (@), )
|=

° Behrman, Deoldikar, and Wolfe (1988) describe an analogous hypothetical situation
depicted in their Figure 1, although in the context of explaining why calorie income elagticities might
be zero at very low incomes and then may become positive a higher income levels.



= total utility from all food and nonfood goods,
guantity of a good,

1,...,n are the n foods consumed,

ameasure of energy in the diet,

ameasure of variety in the diet,

. utility derived from energy,

utility derived from variety,

utility derived from the taste of ¢ units of good i,
utility derived from ¢ units of the nonfood good,
weight placed on utility from energy,

weight placed on utility from variety,

weight placed on taste from individual food i,
W = weight placed on utility from the nonfood good.

FEELCCccc<mTec
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i/v

) | L | A B |

Utility from Enerqy

E = anziqi’ (2

i=1
where z; = afactor converting quantity of the ith food into calories. E istotal calories
consumed per adult equivalent.*

UJE) = eE + &F? ©)

wheree, >0and e; <O0.

19 The demand system being presented appesls to some notion of an individual’s preference
structure. An interesting and important, but difficult, extension of the model would be to incorporate
intrahousehold distribution of food into the utility function. For now, what is being implicitly
assumed is that foods are being distributed in an egalitarian fashion. Nevertheless, some account
is taken of the age/gender structure of the household by expressing E in per adult equivalent terms,
rather than per capitaterms. What this means mathematically is that when derivatives are taken (the
changein per capitaq), the z, terms in equations (4) and (5) need to be corrected for the ratio of the
number of household members divided by the number of household adult equivalents.
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At low levels of total energy, each additional unit of energy increases utility, but
at adecreasing rate. The functional form chosen, however, allows for marginal

decreases in utility from additional units of energy at sufficiently high intakes of

energy.
E, = w(ez + 2e,Ez) > O for low-income groups, (4
where
£ __oU 9B
' dUfe) g
and
Eij = ZWeeszizj <0, (5)
where
~ oE
ij a=qj

Analogous notation is used below for V;, V;,, T, and T ;.

Utility from Taste

Uti(qi) = Iog(qi), (6)

T = Wt{ El.) >0, (7)

Ty = Wti[ 1)2 <0, (8)



11

Each additional unit of taste of good i, no matter what the quantity, adds
additional utility, but at a decreasing rate. Thefirst derivative is positive and the
Ty = 0. 9
second derivative negative, the same signs as for utility from energy for low-income

groups. However, for taste, the "across food" second derivative is zero.

Utility from Variety

U,(V) - % (10)

where M = nonstaple kilograms of food consumed per adult equivalent, and T = total

kilograms of food consumed per adult equivalent.

-w M .
V. = <0 fori <s
TZ
(11)
Vv, =WVM >0 fors<i<n,
TZ

wherei =1,..., s are staple foods.
Each additional unit of a staple good reduces utility from variety and each

additiona unit of a nonstaple good increases utility from variety:
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V= >0 forij < s
T3

Vi - () [2M -T]  fori<sands<j=n. (12)
T3

2w, o
V. =( )M -T] <0 fors<ij=<n
1) T3

For dl three setsof i andj, V;; = V.

Utility from Nonfoods

Utility from consumption of any food and nonfoods is assumed to be want
independent. In contrast with foods, no explicit functional form is specified for utility
from nonfoods. Following Frisch (1959), and in order to solve the model for the
(n + 1) by (n + 2) matrix of food demand elasticities, it is necessary, with respect to
utility from nonfoods, only to specify the following relationship:

ou

_ Pnf
a(a )oq,, = A—

nf nf

9
o 3

where: ¢ = money flexibility, n, = the nonfood income elasticity, p ; = price
of nonfoods, and A = Lagrangian multiplier associated with the constrained

maximization; the marginal utility of income.
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Solving the Model

For any food i, i = 1, ..., n, from the first-order conditions:**

ou U ou
p, - e 1% oB| Ny |y ovi, Uy |y oT (1)
' A |9E aq A [dV aqg; A | 9T aq|

There are n equations associated with (14), which, for the first food, a staple,
gives:

-M

TZ

th

A

i]- (15)

~ We Wy
Py = 5 [ezzl * 2e3zlE] * e o

Shadow prices for energy and variety are given by the product of the coefficient
outside the brackets times the first partial derivativesinside the brackets, for the first
and second terms in equation (15), respectively. Generally, the marginal utilities for
all three characteristics will decrease (at a different rate for each characteristic) with
increased food consumption at higher income levels. However, the marginal utility of
income (1) declines with income, which raises each shadow price by a constant factor.

Shadow prices sum to the retail price for each food at al income levels.

" Equation (14) is very similar to Gorman (1980), equation (7). His term 7, and the last term
on theright-hand sde of equation (14), the shadow price for the intrinsic characteristics of a specific
good, are similar concepts. As Boyle, Gorman, and Pudney (1977) point out, without this
characteristic of "uniqueness,” a good would not be consumed that was not the cheapest source of
at least one characteristic (characteristics obtainable from two or more goods) in the utility function
(see, also, Figure 1 in Gorman [1980]).
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Consequently, the proportion of the retail price for each food accounted for by the
shadow price of each characteristic will vary by income group.

Given data on food prices and food quantities (say from household surveys) and
valuesfor we,, w.e,, and w,, it is possible to solve the n equations represented by
equation (14) for the n w,'s.** Given, in addition, avalue for ¢/n,; and dataon
nonfood expenditures, it is possible to obtain values for the entire (n+1) by (n+1)
matrix of second partial derivatives of the utility function with respect to » foods and
the nonfood good. These values, in turn, may be used to calculate the full matrix of
(n + 1) by (n + 2) demand elasticities (for example, Henderson and Quandt 1980,
25-35). Thus, four parameters (in addition to data on average prices and quantities)
arerequired apriori to solve the model for the entire matrix of demand elasticities.
Prior specification of any four elasticitiesin the (n + 1) by (» + 2) demand matrix may

be used to identify these four parameters.

2 Thisiis not precisely correct, since A is unknown. However, the resulting expressions for
the w,'s are to be used in calculating food demand elasticities that do not depend on A.
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3. SOME EXTENSIONS, PROPERTIES, AND METHODOLOGICAL
APPLICATIONS OF THE FCDS
EXCLUDED CHARACTERISTICS

Food consumption decisions, of course, are based on factors in addition to
considerations of energy, variety, and tastes. Examples might be appearance, odor,
status value, and nutrients other than calories. To the extent that such characteristics
are unique to a particular food (for example, a specific odor), the above framework
takes thisinto account. The shadow price for the "taste” of a specific food may be
interpreted as aresidual calculation, that is, the retail price less the shadow prices for
energy and variety. Thisresidual shadow price measures the premium that the
consumer iswilling to pay for all characteristics that are intrinsic (in the subjective
view of the consumer) to a specific food.

Various quality grades and/or levels of preparation of a specific food, where
these are important considerations, may be dealt with ssmply by defining a separate
food category for each grade or level of preparation.®* The premiums paid for higher
guality or more preparation are presumed to be subcomponents of the "taste”" shadow
price.

If demands for other specific nutrients (for example, protein) or nonnutrient

characteristics are important determinants of food expenditure decisions, an additional

13 This assumes, of course, that the data are sufficiently disaggregated to follow such a
strategy.
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term is easily added to equation (1) for each additional characteristic. Depending on
the functional form chosen for utility derived from each additional nutrient, prior
knowledge of at |east one additional elasticity would be required for identification of
the entire demand matrix (for example, a quadratic functional form as used for energy
would require prior knowledge of two additional elasticities). Ininitial empirical
applications of this framework, however, it isinformative to explore the extent to
which consumption behavior can be explained, using only the three characteristics

defined in the previous section.**

ALTERNATIVE DEFINITIONS OF VARIETY

The particular index of variety presented above is based on a simple dichotomy
between staples and nonstaples. Other, more complex, indices might have been
constructed as functions of foods consumed in several generic food categories, for
example, staples, vegetables, fruits, meats, fish, oils, and dairy. Alternatively,

separate terms (indices) for these generic food categories might have been included in

1" |n this spirit, a further extension of the model has been developed and applied in which a
predesignated subgroup of the » foods (for example, beef, pork, chicken, fish, and other mests) share
a common additional characteristic shared by each of these foods (for example, the flavor of meat),
but not by any food outside of the subgroup. Any number of subgroups may be identified (for
example, fruits, vegetables), but (1) each subgroup must contain at least two foods, and (2) one
additional utility function parameter (or a demand elaticity for afood from that subgroup) for each
subgroup must be specified a priori in order to solve for the entire matrix of demand elasticities. For
applications of this particular extension, see Bouis (1991a).
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the utility function in equation (1).**> It may well prove useful to specify more
complex functions in further applications of this framework. Again, however, itis
informative to see how well a simple formulation describes consumption behavior,

before moving on to more complex functions.

DIRECT ESTIMATION OF UTILITY FUNCTION PARAMETERS
Equation (15) may be rewritten as:

&(’_1)

We( 2e;2,F) WV( 7M)
= —(6,Z, + Z + —(—) +
pl }\, eZ 1 e3 1 }\, TZ }\, ql

(16)
- a v aE) as(%) : a4(qi)

1

Equation (16) may be estimated to obtain values of the utility function
parameters. In asystem with » foods, there would be n such equations to estimate
with identical parameters associated with energy and variety in each of the n
equations.’® No attempt is made here to explore rigorously the econometric problems

associated with estimation of equation (16), nor to develop statistical tests to examine

15 Asdiscussed in the previous section, this would require that more than four elasticities be
specified a priori to solve for the entire matrix of food demand elasticities.

16 Equation (16) is specified for a staple food. Intuitively, for observations with below
average prices for that staple, one would expect (1) higher calorie consumption (a negative
coefficient on a, corresponding to an expectation that w, and A > 0, and e , < 0), (2) higher nonstaple
consumption (a negative coefficient on a, corresponding to an expectation that w, and A > 0), and
(3) higher consumption of quantities of that specific staple (a negative coefficient on a ,
corresponding to an expectation that w,; and A > 0). A positive intercept, a ,, is suggested by the
expectation that w,, A, and e, > 0.
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the assumptions made as to specific characteristics entering the utility function and the
explicit functional forms used.'’

Developing and applying such estimators and tests to data from several
countries is obviously important for perhaps modifying and eventually establishing (or
rejecting) the FCDS framework as a convincing model for food policy analysis. The
narrower objective of this paper, however, isto show that (1) while the FCDS price
and income elasticity estimates (cal culated using a small number of plausible
assumptions) are broadly consistent with those generated by more standard
methodologies (for example, direct econometric estimation using AIDS), (2) these
assumptions do not at all suggest that price-responsiveness of lowest income groups
will aways be highest for al foods. Thistask is pursued in the following sections of

the paper.

SUBSTITUTABILITY, SEPARABILITY, AND CHANGING PRICE-
RESPONSIVENESS AS HOUSEHOLD INCOME INCREASES

Figure 1 depicts a plausible pattern of changes in the relative magnitudes of the
marginal utilities of energy, variety, and taste asincome increases. The changing

slopes of the curvesin Figure 1 asincome increases suggest differences

17" For a comprehensive discussion of the considerable econometric problems involved in
estimation and testing of assumptions of a characteristics model of demand applied to food, using
regiona time series data, see Gorman (1956; 1980), Boyle, Gorman, and Pudney (1977), but,
particularly, Pudney (1981). There are important differences between the assumptions made in those
articles and those made in this paper, so that the estimating equations and tests described in those
articles are not applicable here.
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Figure 1—Relative magnitudes of marginal utilities of food characteristics asincome
increases
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in the rates of decline in the marginal utilities of the individual characteristics as food
consumption increases. How does the changing trade-off between energy
requirements and other characteristics asincome increases (as reflected by changesin
shadow prices for energy, variety, and tastes) affect price-responsiveness?

In evaluating the substitutability of two goods, intuitively one can consider the
rate at which total utility declines as (say) one dollar is spent on good j instead of
good i. When two goods are perfectly substitutable, such areallocation leaves the
consumer at exactly the same level of utility. Under the FCDS framework, at specific
levels of income, two foods with very different characteristics may "substitute” for
one another in the sense that the marginal utility losses/gains are about equal from the
very different characteristics contained in adollar's worth of either good. At other
levels of income, because the marginal utilities of the three characteristics change, two
foods may lose their substitutability. Thisis quite different conceptually from the
"margarine and butter" (two foods that have very similar characteristics) example
presented in some textbooks to explain a high cross-price elasticity.

It isthe slopes of the curvesin Figure 1 (the second derivatives givenin
equations[5], [8], and [12]) that are crucial to understanding substitutability of foods,
and, therefore, price-responsiveness. At very low incomes, where the slope of the
marginal utility curve for energy is nearly vertical, the substitutability between foods

that are inexpensive sources of calories and other foods can be expected to be quite
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low. At ahigher income, the identical substitution may appear much more
attractive.'®

To explore more rigoroudly the effect of the energy and other utility function
parameters on price-responsiveness, it is useful to define E,,,, asthe level of calorie
consumption where the marginal utility from energy intake is zero, which
mathematically can be expressed as -e,/2e;,. From equation (15), then, the following

expression may be derived:

Wy El) =P - 22i[fwee3(Eumx - E)] + Wv[%](ld) N WV[(%]d’ (17)

where
d=0 for i <s (iisastaplefood);
and

d=1 for s<i<n (iisanonstaplefood).

18 Behrman and Deolalikar (1989) take the following view with respect to price-responsive
of low-income groups (p. 667): "If concern for low-cost calories dominates food choices at very low
incomes, we expect the food indifference curves to be relatively flat (so substitution among foods
isconsiderableif relative food prices change)...."

The FCDS argument that the need for energy can reduce price-responsiveness, rests on the
assumption that the rank order of food staples by their calorie costs remains unchanged, even as
prices for these foods vary seasonally and between years. Certainly, the FCDS aso predicts that
price-responsiveness will be extremely high for low-income groups if, to use the intuitive example
of section 2, wheat is cheaper than rice in one season, and rice is cheaper than whesat in another
season (or to use aless extreme example, if the two prices nearly converge in one season, but diverge
in another season).

It then becomes an empirical question whether or not calorie costs of staple foods "change
rank," as it were, or nearly converge. Where markets operate reasonably efficiently and storage is
possible, only under unusua circumstances would the relative prices of staple foods vary so much
that the rank ordering would change.
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Equation (17) may be used to evaluate relative values for T; (see equation [8]) as
income increases. Empirically, the region of interest will be where E,,,,, > E, or where
the shadow price of energy is positive. Thus, al valuesinside the square"[ "
brackets are positive.

Table 1 considers the effects on the second derivative of the utility function
(E;+V,+T,) of changesin E,,-E, w.e,, M/T?, and (T-M)/T? asincome increases.
Food consumption data are provided in Table 2 for a set of Philippine farm
households to provide some guidance and intuition for the assumptions and
hypotheses/conclusions stated in Table 1. More specifically with respect to the data
shown in Table 2, for subsequent discussion of Table 1, it is useful to note the
following:

1.  Cdorieintakesincrease monotonically acrossincome quintiles.

2. Atthemargin asincomesincrease, nearly all extra calories come from
nonstaple foods that are expensive sources of calories.

3. Asincome increases, rice consumption increases and substitutes for corn calorie
for calorie; rice is amore expensive source of energy than corn.

4.  Onaper kilo basis, consumption of vegetablesis arelatively inexpensive means

of adding variety to the diet.

19 These Philippine data were collected using a 24-hour recall methodology. As stated
earlier, data collected using this methodology generates a much weaker demand for calories as
income increases than do data collected using expenditure surveys.
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Table 1—Hypothesized price-responsiveness for selected foods as income increases

As Household Income Increases, the Following Variables/Parameters
(Absolute Values) Are Observed/Hypothesized to Increase/Decrease:

Which Effect the 1) 2 ?3) 4
Absolute Values of the Decrease in Decrease in Increase in Decrease in
Following Second Derivatives: Eyn - E W€, -MIT? (®) (T-M)IT? (®)
For a staple food:

E; Unchanged Decrease Unchanged

V; Unchanged Unchanged Decrease”

T, (&wy/q ) Increase Increase Increase

Implied price-responsiveness:

(A) Energy-intensive
staple (e.g., corn)

(B) Taste-intensive staple
(e.g., rice)

For a nonstaple food:

E.

V

T (& wia )
Implied price-responsiveness:

(C) Variety intensive non-
staple (e.g., vegetable)

(D) Taste intensive
nonstaple (e.g., meat)

Unambiguous
decrease
Unambiguous
decrease

Unchanged
Unchanged

Increase

Unambiguous
decrease
Unambiguous
decrease

If E; dominates,
then increase
If T, dominates,
then decrease

Decrease
Unchanged

Increase

If T, dominates,
then decrease
If T, dominates,
then decrease

If V, dominates,
then increase
If T, dominates,
then decrease

Unchanged
Decrease

Increase

If V,; dominates,
then increase
If T, dominates,
then decrease

& For staple foods, the hypothesized direction will tend to hold only where M < %T; both numerator and
denominator increase. For nonstaple foods, the numerator should remain more or less constant while
the denominator increases, so that the empirical trend is much stronger than for staple foods.

® For staple foods, V; is positive; an increasing value for V ; results in the overall second derivative (E; + V;

+ T, < 0) approaching zero.

¢ The hypothesized direction holds only if the taste shadow price (w,/q,) increases faster with income than

the consumption of ¢;.
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Table 2—Food expenditures, food prices, kilograms consumed, calorie intakes, and
calories purchased per peso by expenditure quintile and food group

Quintile 5
Expenditure Quintile Minus
Food Group 1 2 3 4 5 Quintile 1
Food expenditures (pesos per capita per week)
Rice 2.32 3.77 4.76 451 10.12 +7.80
Corn 9.64 9.73 9.19 8.79 4.40 -5.24
Other staples 1.46 1.65 1.59 2.47 3.74 +2.28
Meat, fish 7.25 9.09 10.77 15.68 24.09 +16.84
Vegetables 2.71 2.86 3.58 3.77 3.85 +1.14
Fruits, snacks 0.87 2.59 5.34 7.58 10.62 +9.75
Cooking ingredients 2.13 3.22 3.46 4.77 4.83 +2.70
All 26.37 3291 38.67 47.59 61.65 +35.28
Food prices (pesos per kilogram)
Rice 5.74 5.98 5.76 5.67 5.59
Corn 4.36 4.52 4.50 4.46 4.46
Other staples 2.79 3.39 2.34 3.72 5.35
Meat, fish 19.58 18.82 20.79 20.63 23.40
Vegetables 6.36 5.54 7.13 5.97 5.90
Fruits, snacks 2.83 5.42 11.45 15.22 15.69
Cooking ingredients 17.21 21.93 19.69 21.52 20.80
All 6.04 6.72 7.42 8.59 10.15
Kilograms (per capita per week)
Rice 0.40 0.63 0.83 0.80 181 +1.41
Corn 221 2.15 2.04 197 0.99 -1.22
Other staples 0.52 0.49 0.68 0.66 0.70 +0.18
Meat, fish 0.37 0.48 0.52 0.76 1.03 +0.66
Vegetables 0.43 0.52 0.50 0.63 0.65 +0.22
Fruits, snacks 0.31 0.48 0.47 0.50 0.67 +0.36
Cooking ingredients 0.12 0.15 0.18 0.22 0.23 +0.11
Rice and corn 2.61 2.78 2.87 2.77 2.80 +0.19
All others 1.75 212 2.34 2.77 3.28 +1.53
All 4.36 4.90 5.21 5.54 6.08 +1.72
Calorie intakes (per adult equivalent per day)
Rice 251 388 511 488 1,111 +860
Corn 1,501 1,469 1,372 1,317 659 -842
Other staples 116 114 147 159 200 +84
Meat, fish 88 118 134 178 283 +195
Vegetables 30 35 35 42 39 +9
Fruits, snacks 41 67 64 71 91 +50
Cooking ingredients 61 81 97 143 178 +117
Rice and corn 1,753 1,857 1,884 1,805 1,770 +17
All others 336 415 477 594 791 +455
All 2,089 2,272 2,361 2,398 2,561 +472
Calories purchased per peso
Rice 570 563 582 570 604
Corn 872 846 858 858 847
Other staples 623 526 584 470 396
Meat, fish 87 79 84 72 69
Vegetables 79 89 72 75 67
Fruits, snacks 407 363 351 278 193
Cooking ingredients 145 171 180 214 268
All 492 440 414 344 286

Source: International Food Policy Research Institute-Research Institute for Mindanao Culture survey, 1984/85.

Note: Quantity information derived from 24-hour recall survey and price information from food expenditure survey.
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5. Onaper kilo basis, consumption of meat is arelatively expensive means of
adding variety to the diet; meat consumption increases more rapidly with
income than does vegetable consumption.

With these patterns of food consumption as background, Table 1 makes the
following assumptions:

1.  Thedifference between E,,, and E will decline asincome increases; not only
does E increase with income, but E,,,, may decline with income as activity
levels decline, for example, asricher farmers hire labor to undertake more
physically-demanding tasks.

2. (T-M)/T?will decline relatively strongly with income; the numerator is total
food staple consumption, which remains constant as income increases, while the
denominator increases with income.

3. M/T?will increase relatively weakly with income; both numerator and
denominator increase with income; an increasing pattern will tend to hold only
for certain income ranges, usually where M < V4T.

4.  w.,; will decline with income; note from equation (5) that the second derivative
of utility from energy is constant, regardless of income level or energy
consumption. Thisisinconsistent with the marginal utility curve drawn in
Figure 1, which has a declining slope (approaching zero) as energy intakes
increase. Equation (3) may be interpreted as an approximation, representing

utility from energy consumption within a specific range of calorie intakes. The
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fact that there is virtually no difference in calorie intakes from staple foods

between the lowest and highest income groups suggests that the shape of

marginal utility curve for energy may be sharply "kinked" at quite low levels of

income.

Asindicated in Table 1, change in price-responsiveness as income increases for
any particular food depends on (1) the relative magnitudes of the changesin E,,,-E,
w.e,, M/T?, and (T-M)/T? asincome increases and (2) whether that food is relatively
energy-intensive, variety-intensive, or taste-intensive.® Because these several factors
influence price-responsiveness in conflicting directions, it isimpossible to specify
unambiguously whether price-responsiveness will increase or decline with income for
any type of food. Put differently, the FCDS structure is flexible enough to
accommodate declining price-responsiveness with income, increasing price-
responsiveness with income, or fluctuating increases and declines (in no particular
order) in price-responsiveness as income increases.

However, it is possible to conclude from Table 1 that increasing price-
responsiveness with income is most likely (1) for energy-intensive foods, to the extent
that w,e, declines with income and (2) for variety-intensive foods, to the extent that

(T-M)/T? declines with income. Thiswill be demonstrated empirically in section 5.

20 Thus, the structure of demand presented here violates (weak or strong) separability. The
marginal rate of substitution between two staples, for example, is very much dependent on the level
of nonstaple consumption, both because of the calories and variety in the diet that nonstaple foods
provide.
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4. AN APPLICATION OF THE FOOD-CHARACTERISTIC
DEMAND SYSTEM

In section 2, aframework was specified that may be used for estimating food
demand parameters and that is relatively easy to implement with data from published
sources. To demonstrate that application of such a methodology is practical, food
expenditure survey data from Pakistan are used to derive food demand parameter
matrices for a seven-food-group aggregation.

To demonstrate the plausibility of the estimates generated by the FCDS
framework, these estimates are compared with food demand elasticities estimated for
urban and rural populations for Pakistan by Alderman (1988), using an AIDS
framework for a nearly identical aggregation of seven foods. Both the FCDS and
AIDS estimates utilize food expenditure data collected by the same Pakistan

government agency for a nationally representative sample of households.

DATA REQUIREMENTS

Data requirements are (1) per capita quantities consumed for each of then (in
this case seven) food groups, (2) prices paid per kilogram for each food group,
(3) calorie conversion rates per kilogram for each food group, (4) total nonfood
expenditures, and (5) the ratio of adult equivalents over total household members.

Datafor calorie conversion rates and the age and gender structure of an average
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household typically are not available from published summaries of household
expenditure surveys, but these may be accurately estimated from other sources.*

The food consumption and price datafor Pakistan shown in Table 3 are taken
from the Household Income and Expenditure Survey 1984-85 conducted by the
Federal Bureau of Statistics.?? Wheat is amuch cheaper source of calories than rice
and is overwhelmingly the predominant staple; its consumption shows some tendency
to decline with income in urban areas. Milk, which has a high food budget share, isa
very expensive source of calories relative to wheat and rice, but (in the food-
characteristic demand framework) it is arelatively inexpensive source of variety.

V egetables are the cheapest source of variety, but a more expensive source of calories
than milk. Meats are both an expensive source of calories and an expensive source of

variety. Tota food budget sharesrange

1 Estimates of per kilogram (as purchased) calorie conversion rates for disaggregate food
groups may be obtained from country-specific food composition tables and dietary surveys. For
specific foods (for example, wheat and rice), these conversion rates will not vary greatly across
countries, so that, as is the case here, estimates available from other countries may be used. Using
these assumed calorie conversion rates, per adult equivalent consumption of calories per day ranged
from alow of 1,935 for the lowest income quartile in urban areas to a high of 2,910 for the highest
income quartile in rural aress.

Data on household size were available for the Pakistan expenditure survey used here.
However, it was necessary to make assumptions as to the ratio of adult equivalentsto total household
members. For the third expenditure quartile, this ratio was assumed to be 0.75. Typically, thistype
of demographic information is available from population censuses.

%2 Edimates were derived for four expenditure quartiles for urban and rural populations. For
the sake of brevity, only the estimates for the third expenditure quartile are presented and discussed
here, which may be compared with the Alderman results. See the appendices for a detailed
discussion of (1) how the FCDS framework was applied to the Pakistan data and (2) a number of
other computational and conceptual issues related to application of the FCDS.
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Table 3—Per capita consumption, price, and calorie conversion rates for seven
aggregate food groups, third income quartile, by urban and rural
populations for Pakistan, 1984/85

Calories Food

Urban/  Income Per Capita Market per Calorie  Calorie  Budget

Rural Quartile  Food Consumption®*  Price® Kilogram®  Price® Share Share Staple?
Urban 3 Wheat 1.99 1.06 3.40 1.06 0.65 0.17 Yes
Urban 3 Rice 0.24 2.25 3.50 2.19 0.08 0.04 Yes
Urban 3 Milk 1.16 2.06 0.60 11.68 0.07 0.19 No
Urban 3 Meat 0.21 7.38 1.50 16.73 0.03 0.12 No
Urban 3 Vegetables 0.76 1.51 0.30 17.12 0.02 0.09 No
Urban 3 Fruits 0.19 2.48 0.30 28.12 0.01 0.04 No
Urban 3 Others 0.60 7.57 2.60 9.90 0.15 0.36 No
Rural 3 Wheat 2.84 1.04 3.40 1.04 0.70 0.22 Yes
Rural 3 Rice 0.30 1.96 3.50 1.90 0.08 0.05 Yes
Rural 3 Milk 1.72 1.54 0.60 8.73 0.07 0.20 No
Rural 3 Meat 0.15 7.40 1.50 16.78 0.02 0.09 No
Rural 3 Vegetables 0.66 1.48 0.30 16.78 0.01 0.07 No
Rural 3 Fruits 0.12 2.55 0.30 28.91 0.00 0.02 No
Rural 3 Others 0.69 6.59 2.40 9.34 0.12 0.35 No

Source: Federal Bureau of Statistics, Household Income and Expenditure Survey 84-85.
# Kilograms per capita per week.

® Relative to price of cheapest grain calorie source.

¢ '000 calories per kilogram.

¢ Relative to price of cheapest grain calorie source.
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from 70 percent for the lowest expenditure quartile in rural areas to 37 percent for the

highest expenditure quartile in urban aress.

PRIOR ASSUMPTIONS

One further requirement for implementing the methodology is prior knowledge
of any combination of four parameters, either from the food demand elasticity matrix
itself and/or parameters associated within the utility function, specifically E,,, W.e;,
w,, and ¢/n . Below are the assumptions made to fulfill this requirement for the third

income quartile:

Observed Four Assumptions
Urban/ Cadorie Food Income
Rural Consumption Elasticity E,nx W.e, w,
Urban 2,012 0.45 2,900 -0.100 0.70
Rural 2,664 0.50 3,000 -0.094 0.70

Making a prior assumption as to the food income elasticity is equivalent to
making an assumption as to the nonfood income elasticity that can be solved for using
the Engel aggregation condition and the observed data on budget shares. Valuesfor
the remaining three utility function parameters are suggested by applications of the
FCDS to data from seven other countries (Bouis 1989, 1990, 19914, 1991b, 1992).

While specific levelsfor E,,,, can be understood intuitively, specific values for
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w.e; and w, are not so easily interpretable. 1t turns out that the solution of the model
for the urban third expenditure quartile gives income elasticities (for example) of
-0.04 and 0.40 for wheat and rice, respectively. These two income elasticities might

have been assumed a priori (in place of w,e, and w,) to give an identical solution.

A COMPARISON OF THE FCDS AND AIDS ESTIMATES

Alderman (1988) has derived food demand el asticity estimates for urban and
rural populations for Pakistan, applying an AIDS framework to expenditure survey
data collected in 1979 and 1982. He reports elasticities evaluated at the means of the
price and quantity data. For purposes of comparison with the Alderman estimates,
elasticities (compensated and uncompensated) for the third income quartile are
reported in Table 4 (FCDS-1), which were derived using the prior assumptions
outlined in the chart above.”® Becausethe Alderman nonfood income elasticity
(which necessarily affects the magnitude of the food income elasticities due to the
budget constraint) was substantially lower than that assumed in the above chart, a
second set of estimates was derived (FCDS-11) that assumed the same nonfood income
elasticity as estimated by Alderman.

Table 4, which compares the own-price and income el asticities, shows that for

urban populations, there is little difference in the food demand estimates

23 Alderman reports estimates at mean total expenditure levels. Because the highest
expenditure group earns a disproportionate share of income, mean expenditures fall within the range
defined by the third expenditure quartile.
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Table 4—A comparison of own-price and income elasticities for selected foods using
the almost ideal demand system (AIDS) and the food-characteristic demand
system (FCDS), urban and rural populations, Pakistan

Own-Price Income
Urban/ Compensated Uncompensated
Rural Food AIDS FCDS-l FCDS-lI FCDS-I FCDS-lI AIDS FCDS-I FCDS-II
Urban
Wheat -0.31 -0.36 -0.36 -0.35 -0.35 0.35 -0.04 -0.07
Rice -0.93 -0.96 -0.96 -0.97 -0.97 0.83 0.40 0.71
Dairy (milk) -0.76 -0.93 -0.92 -0.97 -0.99 1.05 041 0.71
Meat -1.01 -1.03 -1.00 -1.07 -1.07 130 0.69 121
Other food -1.02 -0.97 -0.90 -1.09 -1.11 0.84 0.66 1.15
Nonfoods -0.89 -0.43 -0.33 -1.20 -0.94 121 155 121
Rural
Wheat -0.91 -0.25 -0.25 -0.24 -0.24 0.36 -0.06 -0.10
Rice -1.91 -0.89 -0.88 -0.90 -0.90 0.96 0.39 0.64
Dairy (milk) -1.06 -0.83 -0.81 -0.88 -0.89 137 044 0.72
Meat -0.29 -1.01 -0.99 -1.05 -1.05 151 0.87 1.43
Other food -1.04 -0.91 -0.83 -1.07 -1.09 0.80 0.81 1.33
Nonfoods -1.07 -0.44 -0.33 -1.16 -0.88 122 161 1.22

Notes: (1) AIDS estimates are taken from Alderman (1988), Tables 4 (urban) and 1 (rural); (2) for
FCDS-II, the nonfood expenditure elasticity is exogenously assumed to be equal to the AIDS
nonfood expenditure elasticity; for FCDS-I, identical assumptions as to utility function
parameters are used as for FCDS-II, but a higher nonfood elasticity is assumed; (3) For AIDS,
the dairy group includes products other than milk; the other food group excludes pulses (not
shown) in addition to wheat, rice, dairy, and meat; for FCDS, the "other food" group includes
pulses and nonmilk dairy products, excludes vegetables and fruits, and excludes wheat, rice,
milk, and meat.
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generated by the two demand systems, with the glaring exception of the income
elasticity for wheat.** One way of evaluating the relative plausibility of the three sets
of estimates shown for urban populationsin Table 4 is to compute a calorie-income
elasticity, which is roughly the average of the income elasticities shown in Table 4
weighted by calorie shares. The 1984/85 data indicate that at mean income levels,
wheat provides about two-thirds of calorie availability. For the AIDS estimates, this
indicates a calorie-income el asticity certainly in excess of 0.5. Bouis (1994) argues
that such a calorie-income elagticity isimplausibly high since thiswould indicate
weight differences of perhaps 100 percent or more per person, on average, across
income groups, under a reasonable set of assumptions about activity levels, adaptation
to energy stress, and weight losses/gains over time.

By contrast, the calorie-income elasticity estimate implied by the FCDS-| vector
of income elasticities ison the order of 0.15. This estimate is perhaps still somewhat
high, but certainly much closer to the plausible range.® A "low" calorie-income
elagticity isan implicit "constraint” associated with the particular combination of
utility function parameters specified apriori. Inthisregard, it isinstructive to note

that for the FCDS-I1 estimates, lowering the exogenously assumed nonfood income

2 There were some differences in how the food groups were defined and aggregated (see the
notes at the bottom of Table 2). In particular, for the AIDS estimates dairy included products other
than milk whose income elagticities are higher than for milk, while for the FCDS estimates, these
other dairy products were included in the "other foods" category. This may account for some of the
discrepancy between the income elagticity estimates for these two groups between techniques.

% The FCDSHI estimates imply a calorie-income elasticity in excess of 0.2. For this reason,
it seems unlikely that the nonfood income elagticity is aslow asthe AIDS estimate.



elasticity (increasing the food income elasticity) hasllittle effect on the wheat income
elagticity; it isthe income elasticities of other foods that increase.

The FCDS rural estimates do not differ greatly from the FCDS urban estimates;
consumption patterns and prices are not dramatically different between urban and
rural populations after income is controlled, and assumed utility function parameters
aresimilar. For the AIDS estimates, however, the own-price elasticity is substantially
higher for wheat and rice in rural areas as compared with urban areas, and is lower for
meats. Other than supply-side income effects of price changes, it is unclear why rural
consumer's (who do not demonstrate dramatically different consumption patterns)
would react so differently to price changes than urban consumers. This comparison
serves to emphasize that the FCDS estimates, other than energy expended in earning
income, are based on demand-side assumptions. They take no account of the effects
of changesin prices on income or interactions between semi-subsistence production
and consumption decisions. Policy simulations using the FCDS estimates must treat

these supply-side income effects separately and explicitly.
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5. PRICE-RESPONSIVENESS AND LEVEL OF INCOME

As stated in the introduction, an objective of this paper isto investigate the
circumstances under which low-income groups are more price-responsive than high-
income groups. This question may now be addressed empirically by combining the
earlier discussion of Table 1 in section 3 with recalculations (under alternative
assumptions) of the food demand matrices for Pakistan discussed in section 4.

In Table 5, several FCDS estimates of own-price elasticities for individual foods
for the Pakistan urban /owest income quartile are generated by varying E,,, w,, and
w e, over awide range, holding observed food consumption levels and prices
constant. This servestwo purposes. First, it affords a concrete demonstration of the
empirical linksin the FCDS framework between the underlying demand for specific
food characteristics and the degree of substitutability and price-responsiveness.?® In
particular, it provides an empirical check of the conclusions reached in Table 1.
Second, general patterns of price-responsiveness with income (the "curvature” in the
Slutsky matrix referred to by Timmer 1981) for particular categories of foods (staples
and nonstaples; energy-intensive, variety-intensive, and taste-intensive) may be

deduced.

6 Note from Table 4 that the distinction between compensated and uncompensated price
eladticities is not important empirically for individua food groups.
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Table 5—FCDS own-price elasticities for Pakistan, urban lowest expenditure quartile,
utility function parameters for energy and variety varied as shown, nonfood
income elasticity held constant

Utility from Energy Parameters

Utility from w.e; =-0.03 w.e; =-0.06 w.e; =-0.09
Variety EUMX EUMX EUMX
Parameter 2,000 3,000 4,000 2,000 3,000 4,000 2,000 3,000 4,000
w, = 0.30
Wheat -34 -38 -43 -19 -22 -28 -13  -17 -.32
Rice -92 -1.05 -1.24 -92 -1.25 -1.97 -93 -155 -4.92
Milk -97 -99 -1.02 -.97 -1.03 -1.08 -97 -1.06 -1.15
Meat -1.03 -1.04 -1.06 -1.03 -1.07 -1.11 -1.03 -1.09 -1.16
Vegetables -1.00 -1.02 -1.03 -1.00 -1.04 -1.08 -1.00 -1.06 -1.12
Fruits -1.06 -1.08 -1.09 -1.06 -1.09 -1.12 -1.06 -1.10 -1.14
Others -1.03 -1.05 -1.07 -1.03 -1.08 -1.12 -1.04 -1.10 -1.18
Nonfoods -1.33 -1.34 -1.36 -1.29 -1.32 -1.35 -1.27 -132 -141
w, =0.70
Wheat -45 -51 -59 -22 -25 -31 -14  -18 -.27
Rice -84 -95 -1.10 -84 -1.10 -1.62 -84 -133 -3.18
Milk -98 -1.01 -1.03 -98 -1.04 -1.10 -98 -1.07 -1.18
Meat -1.06 -1.08 -1.10 -1.06 -1.10 -1.15 -1.06 -1.13 -1.20
Vegetables -1.05 -1.07 -1.09 -1.05 -1.09 -1.14 -1.05 -1.12 -1.20
Fruits -1.17 -1.18 -1.20 -1.17 -1.20 -1.23 -1.17 -1.22 -1.27
Others -1.07 -1.09 -1.12 -1.07 -1.12 -1.17 -1.07 -1.14 -1.23
Nonfoods -1.25 -1.26 -1.28 -1.20 -1.22 -1.25 -1.18 -1.22 -1.28
w,=1.10
Wheat -65 -79 -99 -25 -30 -.37 -16  -.19 -.27
Rice -79 -88 -1.00 -77 -99 -1.38 -77 -116 -2.35
Milk -1.04 -1.07 -1.11 -1.05 -1.12 -1.20 -1.05 -1.16 -1.30
Meat -1.10 -1.12 -1.14 -1.10 -1.14 -1.19 -1.10 -1.17 -1.25
Vegetables -1.16 -1.19 -1.22 -1.16 -1.22 -1.29 -1.16 -1.26 -1.37
Fruits -1.30 -1.32 -1.34 -1.30 -1.34 -1.38 -1.30 -1.36 -1.43
Others -1.12 -1.15 -1.19 -1.11 -1.17 -1.23 -1.12 -1.19 -1.29
Nonfoods -1.22 -1.24 -1.26 -1.15 -1.17 -1.19 -1.13 -116 -1.21

Note: Calorie consumption for this group is 1,935 per day per adult equivalent.
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In Table 5, comparing estimates of declining levels of E,,,, holding w, and w e,
constant, smulates areduction in E ,,,-E (column [1] in Table 1). Comparing
estimates of declining levels of w.e;, holding E,,,, and w, constant, provides a check
of the conclusions cited in column (2) in Table 1. Comparing estimates of increasing
(declining) levels of w, (see columns (3) and (4) in Table 1), holding E,,,, and we,
constant, simulates an increase in M/T ? (areduction in (T-M)/T 9).?” These
comparisons are summarized in Table 6. Almost all of the conclusions reached in
Table 1 are substantiated empirically.

Will low-income groups a/ways be more price-responsive than high-income
groups? If not, under what circumstances will low-income groups be more price-
responsive? A review of Tables 1 and 6 suggests the following conclusions:

1.  Anaysisof differing levels of price-response at increasing levels of income
should differentiate between staple and nonstaple foods and, within these two
broad categories, should differentiate between foods that are energy-intensive,
variety-intensive, and taste-intensive.

2. Theprima desireto avoid hunger, to meet certain minimum calorie intakes,
could constrain price response for staple foods at very low income levels,
particularly in the range where there is a positive response to income of intakes

of calories from food staples (in the aggregate). 1n such cases, price

2" 1t should not be inferred that w, actually declines with income. Rather, a reduction in w,
has the same effect mathematically as adeclinein (T-M)/T2
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Table 6—Summary of simulation results of price-responsiveness from Table 5

Four Categories of
Foods in the Diet as
Characterized by FCDS

Direction of Price-Responsiveness Due to the Following
Factors, Which Simulate Effects of Increase in Income:

Reducing E;,,x Reducing w,e; Increasing w, Reducing w,
(see column [1] (see column [2] (see column [3] (see column [4]
in Table 1) in Table 1) in Table 1) in Table 1)

Wheat
(Energy-intensive staple
food; see row (A) in
Table 1)

Rice
(Taste-intensive staple
food; see row (B) in
Table 1)

Vegetables
(Variety-intensive
nonstaple food; see
row (C) in Table 1)

Meat
(Taste-intensive
nonstaple food; see
row (D) in Table 1)

Declining Increasing Increasing

Declining Declining? Declining

Declining Declining Declining®

Declining Declining Declining

& This holds for w, = 0.30, but price-responsiveness is increasing for w, = 1.10; this change in
direction is discussed in footnote 23.

® The increase in Tii (in absolute value) apparently dominates the decline in Vii for this data set;
the hypothesis stated in Table 1 is that the opposite would hold true.
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elasticities of cheaper food staples eaten heavily by poor may increase at higher
income levels as calorie intakes from food staples (in the aggregate) increase.
Within the FCDS framework, high shadow prices for energy are inconsistent
with high price-responsiveness for heavily consumed food staples.?®

3. A dedirefor variety in the diet increases the substitutability of many foods,
foods with very different characteristics, particularly at low income levels. As
income and variety in the diet increase and marginal utility for more variety
falls, ceteris paribus price elasticities for these foods will decline (in absolute
value).

4.  Pricedasticities of nonstaple foods, which tend to be taste-intensive, usually
will decline with income. Theintrinsic characteristics of individual foods
(tastes) are inherently nonsubstitutable. Exceptions (increasing price elasticities
over particular income ranges) may occur for inexpensive, nonstaple foods that
are purchased by low-income households, primarily to provide something to eat

with bland staple foods.

28 The two exceptions would be (1) the case described in footnote 18 wherein the rankings
of staple foods by calorie cost changes due to seasonal price variability, and (2) the case where a
higher value for E,,-E for low-income groups empirically dominated the effect of a higher value
for we,.
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6. CONCLUSIONS AND DIRECTIONS FOR FUTURE RESEARCH

A demand for characteristics framework has been used to explain food
acquisition behavior, in particular, demand for energy to aleviate hunger, demand for
variety in the diet, and demand for tastes inherent in particular foods. This framework
has been used to identify underlying factors that can account for the observation that,
in most empirical studiesin the literature, low-income groups in poor countries have
demonstrated a greater responsiveness to changesin food prices than high-income
groups. Thisframework can also explain the less frequently observed phenomenon of
highest price elasticities for middle-income groups for food staples.

Apart from providing a plausible explanation for variation in price-
responsiveness across income groups, development of this framework is potentially
beneficial for future food policy analysisin two ways. First, the FCDS provides a
methodology for computing food demand matrices with data that are often available
in published form, and which therefore has the potential for substantially lowering the
costs of food policy analysis. By specifying an explicit functional form for food
characteristics in the utility function, it turns out that the entire matrix of price and
income elasticities can be derived for a system of » foods and one nonfood good from
prior knowledge of just four elasticitiesin the (» + 1) by (n + 2) matrix of price and
income elasticities.

Energy and variety enter the utility function in such away that utility from

consumption of any one food depends on the level of consumption of all other foods.
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This avoids assumptions of strong or weak separability among food groups, which
underlie existing expenditure systems and which is inappropriate for estimating a
highly disaggregate food demand matrix necessary for many types of food policy
analysis. A wide range of price and income el asticities can be accommodated by the
FCDS, depending on relative weights assigned to the three food characteristics
specified in the model.

The demand system was applied to published aggregate Pakistan data. The
model was found to generate food demand estimates that are broadly similar to
estimates obtained employing a widely-used, but more data-intensive and |abor-
intensive technique.

Second, the FCDS provides a structure for investigating and measuring a small
set of underlying behavioral factors that are hypothesized to determine the observed
magnitudes of price and income elasticities for specific foods. Standard econometric
estimates provide little guidance for interpretation of elasticity magnitudes, apart from

familiar, but hardly illuminating, labels such as "inferior,” "necessities," "luxuries,”
and "substitutes."

Specifically, alink is provided between changesin activity patterns (energy
expenditures) and changes in price and income elasticities through shiftsin E,,,, and
w.e,;. Thefood-characteristic framework aso providesinsightsinto how demand

elasticities might change if the relative price of afood were to fall outside of the

observed range, or if anew food isintroduced. Specifying utility as afunction of food
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characteristics defines "roles" (for example, inexpensive sources of energy or variety)
that various foods play in satisfying basic needs.®

These two properties of hedonic demand systems, (1) that they provide an
empirical connection between underlying factors that drive demand behavior and
elasticity magnitudes and (2) that they economize on the number of parameters that
need to be estimated in the complete demand matrix, have been known for some time.
From this perspective, the FCDS is arestricted form (a special case) of amore general
model, which is already well-known. Its particular restrictions have yet to be formally
tested. Nevertheless, the search for particular specifications that would take
advantage of these two properties so as to elucidate food consumption behavior and to

reduce the costs of policy analysis, has not been pursued vigorously in the literature.®

® For example, a study of demand for potatoes and sweet potatoes in Asia, using the FCDS
framework, showed that these foods are often more expensive sources of calories than more widdly
consumed staples, even though these roots and tubers are often perceived as “inferior staples.”
Higher-cal orie-cost foods might be expected to have higher income e asticities than primary staples.
However, if potatoes and sweet potatoes presently provide an inexpensive source of variety in diets,
this could best explain the low (but positive) income el asticities sometimes observed for these foods.
If production costs could be significantly reduced so that these roots and tubers could compete with
the main staples as a source of inexpensive caories (which may or may not be technically feasible),
demand could increase substantially (Bouis 1991b).

30 While there is a large literature on estimating shadow prices for various characteristics,
typicaly, these shadow price estimates are not then linked to magnitudes of price eagticities for
specific goods.

In the broader, nonhedonic demand literature, the tendency has been toward less and less
restrictive specifications, involving direct estimation of demand elasticities for specific goods.
While this approach is no doubt useful in terms of the level of rigor it provides, its usefulness does
depend to some extent on the quality of the data being used (and the cost of its collection and
analysis). Less restrictive specifications applied to data that have systematic errors may generate
even more biased estimates (for example, see Bouis 1994). Empirical tests that do not confirm
restrictive, but seemingly well-conceived, hypotheses can raise questions about the quality of the
data, not only the usefulness of the theories.
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In search of a such workable specification, then, the following key concepts and
procedures have been proposed: (1) energy provides positive utility in some ranges of
consumption, but negative utility in other ranges; utility from this characteristic is
defined by the magnitudes of two parameters; (2) variety in the diet is specified asa
characteristic that is directly measured across foods; it is not subsumed as a food-
specific characteristic motivating consumption of individual foods; increased
consumption of food staples reduces variety in the diet; (3) substitutability between
foods may depend on trade-offsin utility between quite different characteristics; the
desirability of these trade-offs will vary by income level; and (4) price and income
elasticities for goods that are estimated using conventional econometric methods may
be used to identify values for utility function parameters. This paper has endeavored
to demonstrate the practicality of making very specific restrictive assumptions, using a
characteristics demand framework, so as to indicate a direction in which further

research and more rigorous testing could provide a high return.
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APPENDIX 1
SOLVING THE UTILITY FUNCTION TO DERIVE A COMPLETE SET

OF OWN-PRICE, CROSS-PRICE, AND INCOME ELASTICITIES
METHOD USED FOR SOLVING FOR DEMAND ELASTICITIES

The mathematical method and notation used for solving for the demand
elasticitiesis that outlined in Henderson and Quandt (1980, 25-35). The basic
strategy isto obtain values for each element in the bordered Hessian matrix of second
derivatives of the utility function, and then to compute demand elasticities based on
formulas that involve determinants of various subcomponents of this bordered
Hessian matrix (see equations 2-30, 2-31, and 2-37 in Henderson and Quandt [1980]).

The demand system defined in equations (1) through (13) in the text isahybrid
of the Frisch (1959) technique in the limited sense that (1) utility derived from foods
and nonfoods s treated as strongly separable and (2) no explicit functiona formis
specified for utility derived from nonfoods. However, any similarities between the
food characteristic demand system (FCDS) and the Frisch methodology end there.

The FCDS differs substantially from the Frisch methodology in that explicit
functional forms are proposed for utility derived from characteristics of individual
foods and these utilities derived from individual foods are very much interdependent.

In order (1) to illustrate the mathematical approach to be used and (2) to contrast the
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FCDS methodology with the Frisch methodology, the basic results of the Frisch
methodology are derived below for afour food (rows 1 through 4) and one nonfood
(row 5) demand system.

To derive the Frisch methodol ogy results, begin with the bordered Hessian
matrix of second derivatives of the utility function. Except for the price borders, al

off-diagonal elements are zero because of an assumption of want-independence:

f, 0 0 0 0 -p
o f, 0 0 0 -p,
0 0 f, 0O 0 -p,

To develop an expression for f.., equations (18) and (19) below give
expressions for the income elasticity for the nonfood good and for A, which can be
derived from the bordered Hessian matrix of second derivatives as shown below (see

equations 2-31 and 2-36 in Henderson and Quandt [1980]):

(18)

(19)

where:



47

Dy = thecofactor of the element in the sixth row and fifth column of the
bordered Hessian (the negative of the determinant of this element),
Dy = thecofactor of the element in the sixth row and sixth column of the
bordered Hessian (the determinant of this e ement), and
D = thedeterminant of the entire bordered Hessian.
Let *D,,* designate the determinant of the matrix formed by the first four rows
and four columnsin the bordered Hessian. Dividing equation (18) by (19), expanding
Dgs by the elementsin the fifth row, and expanding D ¢ by the elementsin the fifth

column gives equation (20):

Ns A ~(-PsDyl)
L R Bl (20)
d) 05 f55|D44|
where:
ns = theincome easticity for nonfoods,
¢ = Frisch'sflexibility of the marginal utility of income, or money
flexibility,
Des = -(-Ps*Dy,*), and
Y OA
Dg = foc*Dy*= — —.
66 55 44 )L aYy
Solving equation (20) for f.; gives equation (21):
Ps ¢
for = A — —. 21
=t (21)

Given data for p, and g and valuesfor A, ¢, and Ns, @ value for fgg



48

may be computed. Furthermore, given additional values for the income elasticities of
the four foods and data on their prices and quantities, values can be computed for all
of the elements in the bordered Hessian matrix above. It follows that own-price and
cross-price elasticities may be computed, using equations 2-30 and 2-37 in Henderson
and Quandt (1980). Elasticity values do not depend on A, so that the entire matrix of
own-price and cross-price elasticities may be computed, given (1) prior knowledge of
all income elasticitiesand ¢ and (2) data for prices and quantities.

The reader may now skip to the next section to see how this methodology is
applied to the FCDS formulation. However, to continue the illustration of this
specific mathematical approach, the familiar Frisch expressions for the own-price and
cross-price elasticities are developed below.

First, the determinant of the entire bordered-Hessian matrix above may be

written as

p,p PP, PP PP, PsPs
D = fiifoofaaf aafs == i + I + i + I

11 22 33 44 55

But, from equation (21), pp/f;, = 6,n /A (6=the budget share), so that the
expression for D above may be rewritten as

£ foof aaf 4uf

D = =222 [0, + 6,n, + On + O,n, + Ogn

A
f. f fd)f f : (22)

~ '11'22'33'44'55

- m

Let D be the cofactor of f
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[plpl , PP PsPs PPy

D, =f f f.f
55 11'22°33'44 " f22 f33 f44
_ fllf22f33f44 [1 _ 6 N ]
)\«d) 5'15

Let D4 be the cofactor of the element in the sixth row and fifth column:

Des = ’p5f11f22f33f44-

Using equation 2-30 from Henderson and Quandt (1980),

Ps

e = —

DSS}L + q5D65
55 )
G

D D

Substituting equations (22), (23), and (24) into equation (25) gives

B p5 (1 N 65”5)}L _ p5q5

€ :
¥ g fos fee
A

Substituting for fsg from equation (21) into equation (26) gives

B T]5(1 N 65“5)

€ .
55 d) _ 65T]5

Equation (27) gives the expression for the own-price elasticity. To derive the

(23)

(24)

(25)

(26)

(27)

expression for the cross-price elasticity, let D, be the cofactor for the element in the

first row and fifth column:

Dis = ~PiPsfoof sl aa-

Using equation 2-37 from Henderson and Quandt (1980),

(28)
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B

DlS}L + qlD65
51
G

D D

€

: (29)

Substituting equations (22), (23), and (28) into equation (29) gives

o = Py CPipsdAA) Py
oo () foo (30)
Ad
Substituting for f;; and f .5 from equation (21) into equation (30) gives

-0,mn
€5 = 1¢1 > - 0,15 (31)

It is possible to derive these relatively simple expressions, equations (27) and
(31), for the own-price and cross-price elasticities, because the off-diagonal elements
(except for the price borders) in the bordered Hessian matrix above are zeros. Despite
considerable effort, because all of the off-diagonal elementsin the bordered Hessian
matrix are nonzero, no relatively simple expressions for the own-price, cross-price,
and income el asticities have been developed for the FCDS. As described in the
following section, however, the same basic strategy is followed of finding values for
each of the elements in the bordered Hessian matrix of second derivatives and then
computing the relevant determinants as given in equations 2-30, 2-31, and 2-37 in

Henderson and Quandt (1980).
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THE BORDERED HESSIAN MATRIX FOR A FOUR-FOOD-AND-ONE-
NONFOOD-GOOD APPLICATION OF THE FOOD-CHARACTERISTIC
DEMAND SYSTEM (FCDS)

The demand system consists of four foods and one nonfood. While all of the

analysis undertaken in this appendix is for a four-food-and-one-nonfood-good system,

the results hold more generaly for a system of » foods and one nonfood good.

N
:) E V4T, Ep+Vo, Vo, V., 0 -)’l *
* ExtVy Ey Vot T, EptVi EptVs, 0 p *
* EntVy E, Vs EytVatTs  EytVa, 0 p *
* EutVa E, Vo Vo EutVartTu O - *
* 0 0 0 0 o Py *
* p -p, -ps -p, P 0 >
) )-

Rows and columns five and six in the above bordered Hessian matrix are
identical to those in the matrix presented in the previous section. However, the
remaining elementsin the first four rows and columns now contain the expressions for
second derivatives (the notation isidentical to that presented in the text) of the FCDS
utility function, which are reproduced below for convenience (including the first-order

conditions; equation numbers are identical to those used in the text):

Energy

Eij = 2wee32izj <0, (5
Taste

T, = -wy(Vq)* <0, (8)

Variety (aFood Staple)
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V. =—Y >0 forij < s, (12

First-Order Condition (a Food Staple)

WV

w w
Py = Te [ezzl * 2e3zlE] * 5N =

A

-M
+

TZ

1
gl]- (15)

The objective isto derive specific valuesfor all of the elements in the bordered
Hessian matrix above so that the complete matrix of demand elasticities then may be
computed (using equations 2-30, 2-31, and 2-37 from Henderson and Quandt [1980]).
Prices and quantities (and so, M and T) are observed (say from household survey
data), as are the calorie conversion rates (the z's), and total calorie consumption (E).
Given prior knowledge of w.e;, all the expressions for E; may be computed. Given
prior knowledge of w,, all the expressionsfor V ;; may be computed. Given prior
knowledge of w.e, (and w.e, and w,), al the expressionsfor T, may be computed by

solving for the w,;'s from the first-order conditions (elasticities do not depend on ).

Asoutlined in section 3 in the text, E,,,, and w.e; may be used to solve for WE,.
Given prior knowledge of ¢/n,; (where ), is the nonfood income elasticity), avalue
may be computed for f., from equation (21). Therefore, given prior values for only
four parameters, values may be obtained for all of the elementsin the bordered
Hessian matrix.

There are two general methods for identifying values for these four parameters:

(1) obtaining direct estimates of w.e;, we, (or E,.,), W,, and ¢/ ., or (2) obtaining
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estimates of w.e;, w.e,, w,, and ¢/ ¢ indirectly by prior specification of four
elasticities in the complete demand matrix. Use of some combination of approaches
(1) and (2) isalso possible.

Before proceeding with the second approach, some brief comments concerning
the first approach are useful. In future research, equation (16) in the main text may
provide a structure for direct estimation of w.e;, w.e,, and w,, athough several
econometric problems would need to be resolved. There are several examplesin the
literature of attempts to estimate ¢ and n,; separately. From the nutrition literature
(for example, Bliss and Stern 1978), it can be said with some certainty that 2,000 <
E,« < 3,500, where calories are expressed on an adult equivalent per day basis and
intakes are understood as an average for a population group (the calorie range will be
wider for specific individuals with different metabolisms, activity patterns, and
weights). Thus, of the four pieces of prior information required, some knowledge of
what are "reasonable’ magnitudes for two of these pieces of information (E,,, and

¢/n,) are dready available in the literature.

AN ALGORITHM FOR SOLVING THE MODEL

The second approach is now discussed, that of obtaining estimates of w.e;, w.e,
(or E,)» W, and ¢/m . indirectly by prior specification of four elasticitiesin the
complete demand matrix. Because, despite some considerable effort, attempts at

deriving relatively simple expressions (such as equations [27] or [31]) from either the



first-order conditions or the bordered Hessian matrix have not been successful, it has
been necessary to develop a FORTRAN program that searches for a (hopefully
unique) combination of w.e;, w, (or E,,), W,, and ¢/  that generates the
four elasticities in the demand matrix that are specified a priori.

The basic structure of that FORTRAN program is (1) to read in initial, "seed"
valuesfor E,,, W&, W,, and ¢/n ;, (2) to compute values for all of the elements
in the bordered Hessian matrix using these seed values, from which (3) aninitial,
complete demand elasticity matrix can be computed. Next, the FORTRAN program
(4) compares the four elasticitiesin theinitial matrix with the four "target" elasticities
(the four elasticities specified a priori) and, based on this comparison, (5) makes
appropriate adjustmentsin the "seed" values. Steps (2) through (5) are iterated until
the four elagticities in the matrix computed from the (several times revised) "seed"
values match with/converge to the four "target" elasticities—at which point, the
solution for the "target" complete demand matrix has been found.

There is no guarantee, mathematically speaking, that some combination of E,,,,
w.e;, W, and ¢p/n ; can be found that generates a specific set of target easticities. Itis
useful to mention two sets of constraints with respect to the feasibility of the solution.
First, in order to ensure that the final solution is consistent with utility maximization,
arequirement is that various bordered Hessian determinants must alternate in sign
(Henderson and Quandt 1980, 33). Second, a more restrictive constraint is that a

solution can be found within feasible ranges for E,.,, and ¢/ -



55

The feasible range for E,,, (between 2,000 and 3,500 calories per adult
equivalent per day) has already been discussed above. n,; will be greater than one, but
rarely greater than two. ¢ may range from (say) -1to -3. De Janvry, Bieri, and
Nunez (1972) derive values ranging from -2.2 to -2.6 from aregression using
estimates from a number of studiesin the literature; Pinstrup-Andersen, Londofio, and
Hoover (1976) derive an estimate of about -1.0), so that ¢p/n,, may range from -0.5 to
-3.0, with adistribution of values centering around (say) -2.5/1.5 =-1.67. Inal
applications of the FCDS thus far undertaken (using various data sets from seven
countries), solutions have been found for E,,, and ¢/n ¢ that are well within these

bounds.



APPENDIX 2
FURTHER DISCUSSION AND DETAILED RESULTS FROM
PAKISTAN DEMAND ESTIMATIONS
This appendix contains a more extended discussion of the demand estimates by
income group for Pakistan than that presented in section 3. Parts of section 3 are

imbedded in the text below so asto provide alogica sequence of thought.

THE DATA

Apart from prior knowledge of any four elasticitiesin the (n + 1) by (n + 2)
demand matrix for a system of » foods, data requirements are (1) per capita quantities
consumed for each of the » (in this case, seven) food groups, (2) prices paid per
kilogram for each food group, (3) calorie conversion rates per kilogram for each food
group, (4) total nonfood expenditures, and (5) the ratio of adult equivalents over total
household members. Datafor calorie conversion rates and the age and gender
structure of an average household typically are not available from published
summaries of expenditure survey data.

Estimates of per kilogram (as purchased) calorie conversion rates for
disaggregate food groups may be obtained from country-specific food composition

tables and dietary surveys. For specific foods (for example, wheat and rice), these



57

conversion rates will not vary greatly across countries, so that, asis the case here,
estimates available from other countries may be used. The assumed food-group-
specific calorie conversion rates are presented in Table 7 (along with quantities
consumed and prices paid, which are discussed below). Using these assumed calorie
conversion rates, per adult equivalent consumption of calories per day ranged from a
low of 1,935 for the lowest income quartile in urban areas to a high of 2,910 for the
highest income quartilein rural areas.

Food expenditure surveys will tend to exaggerate the increasein calorie
consumption as incomes increase, so that data for food quantities consumed collected
using afood recall technique are to be preferred over information from afood
expenditure survey (Bouis and Haddad 1992; Bouis, Haddad, and Kennedy 1992).
Unfortunately, use of food recall techniquesisrare for a national sample, and only
food expenditure information is available for Pakistan.

Bliss and Stern (1978) argue quite persuasively, using a priori reasoning based
on results found in the nutrition literature, that for moderately active populations and
assuming wide bounds to account for various sources of measurement error, one
would not expect to observe populations consuming below 2,000 calories per day per
adult equivalent (which were not losing weight, on average) or above 3,000 calories
per day per adult equivalent (which were not gaining weight, on average). Using the

assumed calorie conversion rates for the
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Table 7—Per capita consumption, price, and calorie conversion rates for seven
aggregate food groups, by income quartile, by urban and rural populations
for Pakistan, 1984/85

Calories Food

Urban/  Income Per Capita Market per Calorie  Calorie  Budget

Rural Quartile  Food Consumption®*  Price® Kilogram®  Price® Share Share Staple?
Urban 1 Wheat 211 1.00 3.40 1.00 0.74 0.21 Yes
Urban 1 Rice 0.15 2.13 3.50 2.07 0.05 0.03 Yes
Urban 1 Milk 0.97 1.86 0.60 10.54 0.06 0.18 No
Urban 1 Meat 0.13 6.85 1.50 15.53 0.02 0.09 No
Urban 1 Vegetables 0.67 1.45 0.30 16.44 0.02 0.10 No
Urban 1 Fruits 0.11 231 0.30 26.19 0.00 0.03 No
Urban 1 Others 0.54 6.97 1.80 13.17 0.10 0.37 No
Urban 2 Wheat 2.10 1.03 3.40 1.03 0.70 0.19 Yes
Urban 2 Rice 0.20 2.12 3.50 2.06 0.07 0.04 Yes
Urban 2 Milk 1.06 191 0.60 10.83 0.06 0.18 No
Urban 2 Meat 0.15 6.99 1.50 15.85 0.02 0.09 No
Urban 2 Vegetables 0.69 1.50 0.30 17.01 0.02 0.09 No
Urban 2 Fruits 0.14 231 0.30 26.19 0.00 0.03 No
Urban 2 Others 0.58 7.16 2.20 11.07 0.12 0.37 No
Urban 3 Wheat 1.99 1.06 3.40 1.06 0.65 0.17 Yes
Urban 3 Rice 0.24 2.25 3.50 2.19 0.08 0.04 Yes
Urban 3 Milk 1.16 2.06 0.60 11.68 0.07 0.19 No
Urban 3 Meat 0.21 7.38 1.50 16.73 0.03 0.12 No
Urban 3 Vegetables 0.76 1.51 0.30 17.12 0.02 0.09 No
Urban 3 Fruits 0.19 2.48 0.30 28.12 0.01 0.04 No
Urban 3 Others 0.60 7.57 2.60 9.90 0.15 0.36 No
Urban 4 Wheat 1.96 1.11 3.40 1.11 0.57 0.12 Yes
Urban 4 Rice 0.29 2.54 3.50 2.47 0.09 0.04 Yes
Urban 4 Milk 1.57 2.20 0.60 12.47 0.08 0.18 No
Urban 4 Meat 0.38 8.60 1.50 19.50 0.05 0.17 No
Urban 4 Vegetables 0.94 1.56 0.30 17.69 0.02 0.08 No
Urban 4 Fruits 0.32 3.07 0.30 34.81 0.01 0.05 No
Urban 4 Others 0.71 9.72 3.00 11.02 0.18 0.36 No
Rural 1 Wheat 2.48 1.01 3.40 1.01 0.72 0.25 Yes
Rural 1 Rice 0.22 2.13 3.50 2.07 0.07 0.05 Yes
Rural 1 Milk 1.16 1.48 0.60 8.39 0.06 0.17 No
Rural 1 Meat 0.10 7.12 1.50 16.15 0.01 0.07 No
Rural 1 Vegetables 0.63 1.45 0.30 16.44 0.02 0.09 No
Rural 1 Fruits 0.08 2.35 0.30 26.64 0.00 0.02 No
Rural 1 Others 0.59 5.72 2.40 8.11 0.12 0.34 No

(continued)
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Table 7 (continued)

Calories Food
Urban/  Income Per Capita Market per Calorie  Calorie  Budget
Rural Quartile  Food Consumption®*  Price® Kilogram®  Price® Share Share Staple?
Rural 2 Wheat 2.53 1.05 3.40 1.05 0.68 0.23 Yes
Rural 2 Rice 0.33 1.76 3.50 1.71 0.09 0.05 Yes
Rural 2 Milk 1.47 151 0.60 8.56 0.07 0.20 No
Rural 2 Meat 0.12 6.75 1.50 15.31 0.01 0.07 No
Rural 2 Vegetables 0.74 1.28 0.30 14.51 0.02 0.08 No
Rural 2 Fruits 0.10 2.40 0.30 27.21 0.00 0.02 No
Rural 2 Others 0.63 6.17 2.40 8.74 0.12 0.34 No
Rural 3 Wheat 2.84 1.04 3.40 1.04 0.70 0.22 Yes
Rural 3 Rice 0.30 1.96 3.50 1.90 0.08 0.05 Yes
Rural 3 Milk 1.72 1.54 0.60 8.73 0.07 0.20 No
Rural 3 Meat 0.15 7.40 1.50 16.78 0.02 0.09 No
Rural 3 Vegetables 0.66 1.48 0.30 16.78 0.01 0.07 No
Rural 3 Fruits 0.12 2.55 0.30 28.91 0.00 0.02 No
Rural 3 Others 0.69 6.59 2.40 9.34 0.12 0.35 No
Rural 4 Wheat 3.06 1.04 3.40 1.04 0.66 0.18 Yes
Rural 4 Rice 0.37 221 3.50 2.15 0.08 0.05 Yes
Rural 4 Milk 2.14 1.59 0.60 9.01 0.08 0.19 No
Rural 4 Meat 0.25 7.97 1.50 18.07 0.02 0.11 No
Rural 4 Vegetables 0.78 1.53 0.30 17.35 0.01 0.07 No
Rural 4 Fruits 0.20 2.86 0.30 32.43 0.00 0.03 No
Rural 4 Others 0.86 7.57 2.40 10.73 0.13 0.37 No

Source: Federal Bureau of Statistics, Household Income and Expenditure Survey 1984-85.
% Kilograms per capita per week.

® Relative to price of cheapest grain calorie source.

¢ '000 calories per kilogram.

¢ Relative to price of cheapest grain calorie source.
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seven-food aggregate food groups, then, the estimates of total calorie consumption are
in the plausible range.

For each expenditure quartile, calorie availability is higher for rural populations
than for urban populations and increases more rapidly for rural populations moving
from low to high expenditure quartiles. These patterns are typical of other countries
in Asia (Bouis 1989) and may be due both to areal phenomenon, greater energy
expendituresin rural areas, and the fact that significant amounts of food purchased by
high-income rural households is eaten in the form of in-kind wages or as guest meals
by low-income rural households (Bouis and Haddad 1992). However, the divergence
between calorie availability and calorie intakes for rural areas would appear to be far
less of a problem for the Pakistan data than for food expenditure data for five other
countriesin Asia (Bouis 1989).

Data on household size were available for the Pakistan expenditure survey used
here; however, it was necessary to make assumptions as to the ratio of adult
equivalents to total household members. Age and gender structure for countries with
similar average household sizes and incomes do not vary a great deal, so that, where
thisinformation is otherwise unavailable, rough assumptions may be made for these
datainputs aswell. The assumptions made for Pakistan are given in the final column
of the chart presented later in this section. As suggested by Philippine data (Bouis

1990), the age structure was assumed to increase marginally with increased incomes.
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Typically, per capitaincomes of households increase during later stages of the life
cycle.

The food consumption and price datafor Pakistan shown in Table 7 are taken
from the Household Income and Expenditure Survey 1984-85 conducted by the
Federal Bureau of Statistics. Pricesgiven in Table 7 are initialized on the cost of
wheat for low-income consumersin urban areas. Wheat is amuch cheaper source of
calories than rice and is overwhelmingly the predominant staple; consumption shows
some tendency to decline with income in urban areas. Milk, which has a high food
budget share, is avery expensive source of calories relative to wheat and rice, but (in
the food-characteristic demand framework) is arelatively inexpensive source of
variety. Vegetables are the cheapest source of variety, but a more expensive source of
caloriesthan milk. Meats are both an expensive source of calories and an expensive
source of variety. Total food budget shares (not shown) range from 70 percent for the
lowest expenditure quartile in rural areas to 37 percent for the highest expenditure

guartile in urban areas.

PRIOR ASSUMPTIONS

One further requirement for implementing the methodology is prior knowledge
of any combination of four food-demand elasticities and/or four parametersin the
utility function, from which shadow prices can be derived for the characteristics of

energy, variety, and taste. Below are the assumptions made to fulfill this requirement:
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Urban/  Income  Food Income Ratio of Adult Equivalents
Rural  Quartile Elasticity  Eyyy W.e, w,  Over Household Members

Urban 1 0.60 3,100 -0.088 0.70 0.71
2 0.53 3,000 -0.094 0.70 0.73
3 0.45 2,900 -0.100 0.70 0.75
4 0.35 2,800 -0.108 0.70 0.77
Rural 1 0.65 3,200 -0.082 0.70 0.71
2 0.58 3,100 -0.088 0.70 0.73
3 0.50 3,000 -0.094 0.70 0.75
4 0.35 2,900 -0.100 0.70 0.77

Food income elasticities assumed for the various expenditure quartiles were
selected arbitrarily, although the pattern of selected values adheres to Engel's Law.
The sengitivity of the elasticity estimates to these assumptionsis addressed in
section 3 of the paper (compare the FCDS-1 and FCDS-I| estimatesin Table 4) and is
also further discussed below.

The column labeled E,,.,, indicates those levels of calorie consumption (per adult
equivalent) at which the marginal utilitiesto further calorie consumption are zero.
These levels are reduced marginally for successive expenditure quartiles under the
assumption that activity levels are lower at higher income levels. For the same
reason, they are increased marginally for rural populations as compared with urban
populations in the same expenditure quartile. Again, although the selected pattern
would appear to be reasonable, the levels are selected arbitrarily in the sense that they

have not been estimated econometrically.
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For the urban third expenditure quartile, two additional assumptions were
made—that the income elasticities for wheat and for rice are -0.04 and 0.40,
respectively, as suggested by the arc income elasticities for those foods (presented
below in Table 9). These prior assumptions along with the data presented in Table 7
permit solution of the model for the urban third income quartile.

Solution of the model, in turn, identifies values for w,e, (-0.100) and for w,
(0.70) for the urban third quartile, which can then be used to derive values for these
same parameters for the remaining seven population groups. Given E,, for two
groups (see the chart above) and w.e, for one group (for example, the urban third
quartile), givesw.e, for the second group. Thisisderived in Appendix 5 (in
particular, see equation [43]). w, issimply held constant across al population groups,
which isarestrictive assumption. In view of the apparent sensitivity of the own-price
elasticity of wheat to assumptions about w, (see Table 5 in the text), thislast
assumption restricts the range of price response observed across income groupsin
Table 8 below.

An alternative strategy for deriving a solution for the urban third quartile would
have been to choose four elasticities from the Alderman results, which, in turn, would
have identified specific values for E e W& W,, and &/ ;. If this aternative had
been used, the reader might have conjectured that the results for the two systems
matched up so well (see the discussion below) because estimates for the AIDS system

were used to derive estimates for the FCDS system. That (1) the resulting income



elasticity estimates correspond so closely to the arc income elasticities for the data set,
that (2) the own-price e asticities estimates (with the exceptions of wheat, rice, and
meat for rural areas) are quite similar to the Alderman results, and that (3) the utility
function parameters identified for Pakistan are similar to those derived for the
Philippines (Bouis 1990), suggest the possibility that some common utility function
parameters may underlie demand in devel oping countries, even though elasticities for

specific foods may differ widely between countries.

THE ELASTICITY ESTIMATES DERIVED USING THE FCDS

Table 8 presents the full matrices of demand elasticity estimates by expenditure
guartile and urban and rural populations, derived using the FCDS and the data and
assumptions discussed above. Table 9 compares the income elasticity estimates with
the arc income elasticities computed from the survey data summarized in Table 7.

Table 9 shows that the estimated income elasticities all decline across income
guartiles. In part, this pattern results from (observed) declining food budget shares
and assumptions made with respect to food income elasticities. In general, the levels

and patterns of declines in income elasticity estimates for individual foods
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Table 8—Estimated (uncompensated) food demand elasticities, by expenditure
quartile, by urban and rural populations for Pakistan

Wheat Rice Milk  Meat Vegetables Fruits Others Nonfoods Income
Urban first quartile (low income)
Wheat -.35 .05 .06 .03 -.00 .00 .15 .01 .05
Rice 28 -1.04 -01 .01 -.03 -.00 .04 13 .62
Milk .01 .00 -1.02 .03 22 .03 13 A1 .51
Meat -.05 -.00 .01 -1.09 .01 .00 -01 .20 .93
Vegetables -.05 -.00 42 .05 -1.08 .04 .19 .08 .36
Fruits -.09 -01 .20 .02 .15 -1.19 .09 .15 .69
Others -.03 -.00 .01 -.00 .01 .00 -1.11 .19 .92
Nonfoods -.23 -.02 -11  -01 -.07 -01 -.07 -1.23 1.75
Urban second quartile
Wheat -.34 .07 .06 .03 -01 -.00 .19 -.00 -.00
Rice .30 -1.00 .00 .01 -.02 -.00 .07 .14 .50
Milk .01 .00 -.99 .03 .20 .04 13 13 .46
Meat -.03 -.00 .03 -1.08 .02 .00 -.00 .24 .83
Vegetables -.05 -.00 .40 .05 -1.07 .05 .19 .10 .34
Fruits -.08 -01 21 .02 .14 -1.17 .09 .18 .61
Others .01 .00 .02 .00 .02 .00 -1.10 .23 .81
Nonfoods -19 -.02 -09 -01 -.06 -01 -.06 -1.21 1.65
Urban third quartile
Wheat -.35 .08 .05 .04 -01 -.00 .24 -.02 -.04
Rice .29 -97 .01 .02 -.02 -.00 .10 .18 .40
Milk .01 .00 -97 .04 A7 .04 12 .18 A1
Meat -.00 .00 .04 -1.07 .03 .01 .00 31 .69
Vegetables -.05 -01 .38 .06 -1.04 .06 .19 13 .28
Fruits -.06 -01 .19 .03 13 -1.13 .09 .24 .52
Others .05 .01 .04 .00 .03 .01 -1.09 .30 .66
Nonfoods -13 -.02 -07 -.01 -.05 -01 -.05 -1.20 1.55
Urban fourth quartile
Wheat -.34 .09 .06 .06 -.02 -.00 .29 -.07 -.08
Rice 27 -.93 .02 .03 -01 -.00 12 .24 27
Milk .02 .00 -.93 .05 13 .04 A1 27 .30
Meat .02 .00 .04 -1.03 .03 .01 .01 43 49
Vegetables -.03 -.00 .32 .08 -1.00 .06 A7 .20 22
Fruits -.03 -.00 .14 .03 .08 -1.06 .07 .36 A1
Others .07 .01 .04 .01 .03 .01 -1.04 A1 A7
Nonfoods -.07 -01 -04 -04 -01 -.02 -.04 -1.18 1.38

(continued)
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Table 8 (continued)
Wheat Rice Milk  Meat Vegetables Fruits Others Nonfoods Income
Rural first quartile (low income)
Wheat -.30 .07 .06 .02 -.00 .00 .18 -.00 -.02
Rice .23 -.99 -.02 .00 -.03 -.00 .05 .07 .69
Milk -01 -.00 -.98 .03 21 .02 .14 .05 .53
Meat -15 -01 -02 -1.08 -.00 .00 -.03 A2 1.18
Vegetables -12 -01 .39 .03 -1.13 .02 .15 .06 .61
Fruits -17 -.02 17 .01 .09 -1.18 .05 .10 .95
Others -.06 -01 .01 -.00 .01 .00 -1.14 A1 1.08
Nonfoods -.33 -.03 -14  -01 -.07 -01 -.09 -1.15 1.82
Rural second quartile
Wheat -.30 .09 .06 .02 -.00 .00 17 -01 -.03
Rice .35 -.93 .01 .01 -.02 -.00 .08 .07 43
Milk -01 -.00 -.94 .02 .18 .02 A2 .08 .52
Meat -.10 -01 -00 -1.07 .00 .00 -.02 .16 1.04
Vegetables -.08 -01 A4 .03 -1.10 .03 .15 .07 A7
Fruits -14 -.02 .16 .01 .08 -1.14 .04 13 .87
Others -.03 -01 .01 -.00 .01 .00 -1.10 .15 .97
Nonfoods -.26 -.04 -12  -01 -.06 -01 -.07 -1.15 1.72
Rural third quartile
Wheat -.24 .07 .07 .02 .00 .00 .16 -.02 -.06
Rice .32 -.90 .01 .01 -01 -.00 .07 A1 .39
Milk .01 .00 -.88 .03 .14 .02 A2 A2 A4
Meat -.06 -01 .01 -1.05 .01 .00 -01 .24 .87
Vegetables -.07 -01 .37 .03 -1.09 .02 A2 13 49
Fruits -.10 -01 17 .01 .07 -1.11 .05 .20 .73
Others -01 .00 .03 .00 .01 .00 -1.07 .22 .81
Nonfoods -21 -.02 -10 -.01 -.03 -01 -.06 -1.16 161
Rural fourth quartile
Wheat -.22 .08 .07 .03 .00 .00 17 -.04 -.08
Rice .29 -85 .02 .01 -.00 .00 .08 .16 .30
Milk .03 .00 -.84 .03 A2 .03 A2 .18 .33
Meat -01 -.00 .03 -1.03 .01 .00 .00 .35 .64
Vegetables -.03 -.00 .33 .03 -1.05 .03 A2 .20 .38
Fruits -.05 -01 .15 .01 .05 -1.07 .05 .30 .56
Others .03 .00 .04 .00 .02 .00 -1.02 .32 .60
Nonfoods -12 -.02 -06 -.01 -.02 -.00 -.04 -1.16 1.43




Table 9—Comparison of arc income elasticities between expenditure quartiles and income elasticity estimates, by
expenditure quartiles, by food, and by urban and rural populations, Pakistan

Urban Rural

Arc Income Elasticity Estimated Arc Income Elasticity Estimated

Expenditure Between Expenditure Quartile Income Between Expenditure Quartile Income

Food Quartile 2 3 4 Elasticity 2 3 4 Elasticity
Wheat 1 -0.02 -0.09 -0.03 0.05 0.07 0.21 0.12 -0.02
2 -0.16 -0.04 -0.00 0.38 0.16 -0.03
3 -0.01 -0.04 0.10 -0.06
4 -0.08 -0.08
Rice 1 1.40 0.94 0.41 0.62 181 0.53 0.34 0.69
2 0.62 0.27 0.50 -0.28 0.09 0.43
3 0.21 0.40 0.31 0.39
0.27 0.30
Milk 1 0.39 0.31 0.27 0.51 0.97 0.70 0.43 0.53
2 0.29 0.29 0.46 0.52 0.34 0.52
3 0.35 0.41 0.32 0.44
4 0.30 0.33
Meat 1 0.65 0.96 0.84 0.93 0.73 0.72 0.76 1.18
2 1.24 0.92 0.83 0.77 0.81 1.04
3 0.80 0.69 0.87 0.87
4 0.49 0.64
Vegetables 1 0.13 0.21 0.18 0.36 0.63 0.07 0.12 0.61
2 0.31 0.22 0.34 -0.33 0.04 0.47
3 0.23 0.28 0.87 0.73
4 0.22 0.38
Fruits 1 1.15 1.14 0.83 0.69 0.91 0.72 0.76 0.95
2 1.10 0.77 0.61 0.61 0.75 0.87
3 0.68 0.52 0.87 0.73
4 0.41 0.56
Others 1 0.31 0.17 0.14 0.92 0.25 0.25 0.23 1.08
2 0.11 0.13 0.81 0.29 0.27 0.97
3 0.18 0.66 0.32 0.81
4 0.47 0.60

.9
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match up quite well with the arc income elasticity estimates, with the exception of the
catchall "other foods' category. Thisisremarkable in the sense that the elasticity
estimates for any one expenditure quartile are derived independently of any food
consumption, price, or income information for any other expenditure quartile.

The income elasticity for wheat, the |east expensive calorie source, is nearly
zero for low-income groups and falls below zero for high-income groups. Income
elasticities for vegetables, the least expensive source of variety, are positive, but
lowest among the nonstaple foods. Meats are among the most expensive sources of
calories and variety, and have among the highest income elasticities. Rice, which
costs about twice as much as wheat per kilogram, but is an inexpensive calorie source
relative to nonstaple foods, has a moderately high income elasticity.

The tendency for the estimated own-price elasticities to decline across
expenditure quartilesis very weak, much weaker than the tendency for income
elagticitiesto declinewith income. Given the zero homogeneity restriction, this
means that as income elasticities decline, some cross-price elasticities increase, in
particular, the cross-price elasticities with respect to nonfoods. At higher incomes, as
the marginal utilities of energy and variety fall substantially, equation (1) tendsto
approach a system that is strongly separable, although food consumption is
constrained by the disutility of high levels of calorie consumption.

Note that the cross-price elasticity for wheat in demand for rice (two foods that

play the same "role" as staplesin the diet) isrelatively high. This cross-price
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elasticity is highest for middle income levels for both urban and rural populations.
The FCDS estimates presented in Table 8 include the "income effect” term in the
Slutsky equation. The Timmer (1981) proposition that price elasticities decline with
income refers only to the compensated (utility constant) term in the Slutsky equation.
Price elasticity estimates presented by Alderman (1988) are compensated elasticities.
The budget shares and income elasticities for individua foods are sufficiently low that
the compensated and uncompensated FCDS estimates are not substantially different;
the compensated cross-price elasticities of wheat in demand for rice are al'so highest

for the second expenditure quartile (see, also, Table 4 in the text and Table 10).

A COMPARISON WITH THE AIDS ESTIMATES

Alderman (1988) has derived food demand elasticity estimates for urban and
rural populations for Pakistan, applying an AIDS framework to expenditure survey
data collected in 1979 and 1982. He reports elasticities evaluated at the means of the
price and quantity data. For purposes of comparison with the Alderman estimates,
elasticities (compensated and uncompensated) for the third expenditure quartile in
Table 8 arereported in Table 4 (in the text) and Table 10 (FCDS-1). Alderman reports

estimates at mean total expenditure levels. Because the highest



Table 10—A comparison of cross-price elasticities for selected foods, using the
almost ideal demand system (AIDS) and the food characteristic demand
system, urban and rural populations, Pakistan
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Food Price Urban Rural
Food Compensated Uncompensated Compensated Uncompensated
Quantity AIDS FCDS-I FCDS-Il FCDS-I FCDS-Il AIDS FCDS-I FCDS-Il  FCDS-I FCDS-II
Wheat
Wheat
Rice 0.42 0.32 0.32 0.29 0.26 1.73 0.37 0.36 0.32 0.28
Dairy (milk) -0.42 0.04 0.04 0.01 -0.01 -0.12 0.07 0.06 0.01 -0.02
Meat -0.50 0.05 0.05 0.00 -0.05 -0.16 0.04 0.04 -0.06 -0.14
Other food -0.08 0.11 0.11 0.05 0.01 0.02 0.09 0.09 -0.01 -0.07
Nonfoods -0.05 -0.00 -0.00 -0.13 -0.11 -0.07 -0.01 -0.01 -0.21 -0.16
Dairy (milk)
Wheat -0.37 0.05 0.05 0.05 0.06 -0.13 0.06 0.06 0.07 0.07
Rice 0.42 0.04 0.06 0.01 -0.01 0.65 0.05 0.07 0.01 -0.00
Dairy (milk)
Meat 0.00 0.10 0.12 0.04 0.01 -0.58 0.11 0.14 0.01 -0.02
Other food 0.01 0.10 0.12 0.04 0.01 0.11 0.12 0.14 0.03 -0.01
Nonfoods 0.00 0.07 0.06 -0.07 -0.06 -0.03 0.08 0.06 -0.10 -0.08
Other foods
Wheat -0.15 0.23 0.23 0.24 0.24 0.02 0.15 0.14 0.16 0.16
Rice 0.32 0.17 0.21 0.10 0.09 -0.55 0.15 0.19 0.07 0.06
Dairy (milk) 0.02 0.19 0.23 0.12 0.11 0.13 0.20 0.24 0.12 0.11
Meat 0.14 0.13 0.20 0.00 -0.02 -0.35 0.16 0.24 -0.01 -0.03
Other food
Nonfoods 0.01 0.22 0.17 -0.05 -0.04 0.06 0.25 0.19 -0.06 -0.05
Nonfoods
Wheat -0.34 -0.04 -0.03 -0.02 0.00 -0.20 -0.04 -0.03 -0.02 0.01
Rice -0.75 0.38 0.30 0.18 -0.05 -0.20 0.28 0.21 0.11 -0.08
Dairy (milk) 0.04 0.39 0.30 0.18 -0.05 -0.08 0.32 0.24 0.12 -0.08
Meat 0.49 0.65 0.51 0.31 -0.09 0.76 0.63 0.47 0.24 -0.17
Other food 0.03 0.62 0.49 0.30 -0.09 0.11 0.58 0.44 0.22 -0.16
Nonfoods

Note: Own-price elasticity comparisons are reported in Table 4 in the text.
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expenditure group earns a disproportionate share of income, mean expenditures fall
within the range defined by the third expenditure quartile.

Because the Alderman nonfood income elasticity was substantially lower than
that assumed in the derivation of the elasticities shown in Table 4 (which necessarily
affects the level of food income e asticities due to the budget constraint), a second set
of estimates was derived (FCDS-11) that assumed the same nonfood income elasticity
as estimated by Alderman.

Cross-price el asticities are compared in Table 10 for four goods with high
budget shares: wheat, dairy, other foods, and nonfoods. Because the own-price and
income elasticities between the two demand systems match up so well (with the
exceptions noted above), the sum of the cross-price effects for a specific food between
the two systems are similar in view of the zero homogeneity constraint. However,
individual AIDS and FCDS cross-price effects (that is, the price of a specific food in
demand for a specific food) tend to be quite different. For example, the urban AIDS
wheat price compensated cross elasticities are mostly negative, indicating
complementarity between wheat and these other foods, while the corresponding
FCDS estimates are nearly all positive, indicating substitutability.

The remaining urban dairy and other food cross-price elasticities are very
similar between the two demand systems, except for the high AIDS cross-price effect
of dairy on demand for rice. Therural cross-price effects between the two demand

systems are substantially different. Thisis perhaps because the AIDS estimates are
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influenced by supply-side price effects, while the FCDS estimates are not. Policy
simulations using the FCDS estimates must treat these supply-side income effects

separately and explicitly.



APPENDIX 3
ADDITIONAL RESULTS FOR SECTION 5 OF THE PAPER:
VARYING CHARACTERISTIC PARAMETER VALUES TO
INVESTIGATE PROPERTIES OF THE FCDS
This appendix discusses the results of recomputing demand elasticity matrices
under alternative assumptions from those used to generate Table 5. The purpose of

presenting various examplesis to provide a better intuitive understanding of the

properties and implicit assumptions of the FCDS.

GRAPHICAL REPRESENTATION OF THE FIRST-ORDER CONDITIONS

As background for this discussion, Figure 2 facilitates an understanding of the
factors that determine the relative magnitudes of income elasticities for various foods.
The total height of each rectangle, measured against the vertical axis, represents the
retail price for aspecific food. Asequations (14) and (15) in the text show, the (say
per kilo) price paid for each food is the sum of the shadow prices paid for energy,
variety, and tastes of individual foods.

A smplification used in constructing Figure 2 is an assumption that the calorie

conversion rate per kilo is constant across the five foods depicted (say
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Figure 2—The retail price for each food is the sum of the shadow prices for energy,
variety, and tastes of individual foods
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2,000 calories per kilo).** The particular individual pictured iswilling to pay $1.00 at
the margin (given his’her level of calorie consumption) for 2,000 calories. If income
were to increase, and, thus, calorie consumption, the shadow price for energy would
fall below $1.00 per 2,000 calories (even though the retail prices for all foods remain
constant).

Each kilo of vegetables and meat provides an identical amount of variety in the
diet (thisisasimplifying assumption explicitly included in the model, and is not
specific to Figure 2). At the margin, the individual pictured iswilling to pay $1.50 for
each extrakilo of variety. Note that staple consumption (wheat and rice) reduces
variety in the diet; the model assumes that this shadow price is negative for staples,
which is difficult to show graphically.®

Thus, the difference between the retail price and the sum of the shadow prices
for energy and variety is the premium that the consumer iswilling to pay, at the
margin, for the specific intrinsic characteristics ("tastes') contained in an extrakilo of
any food. That premium isrelatively small for inferior staples such as whest, and

relatively large for expensive meats. For food staples, as the shadow price of variety

31 For example, vegetables tend to have about a tenth as many calories per kilo as staples,
although these fractions vary widely for individua foods. Thus, the shaded portions for "energy”
for vegetablesin Figure 2 should be smaller than depicted.

32 Shadow prices for energy may aso be negative at sufficiently high levels of calorie
consumption (see equation [4]).
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increases, the proportion of the retail price accounted for by "taste" increases. For
nonstaples, the taste shadow price declines, ceteris paribus, asw,, increases.

Using this framework, foods tend to fall into four categories: (1) inexpensive,
nonpreferred staples with negative income e asticities, (2) preferred staples with
positive income elasticities, (3) inexpensive sources of variety (nonstaple foods) with
income elasticities below 0.5 and sometimes negative, and (4) expensive nonstaple
foods for which the taste shadow price predominates (income elasticities above 0.5
and sometimes above 1.0). Asvaluesfor E,,,, W.&;, and w, change, and so the
shadow prices for energy and variety change, the relative proportions accounted for
by taste change at differential rates across individual foods. The FCDS generates the
highest income elasticities for foods for which the shadow price of taste is a high

proportion of the total retail price. These might be called "taste-intensive" foods.

THE FCDS AND REVEALED PREFERENCES

Effect of the Shadow Price of Variety

The income elasticities, corresponding to the own-price elasticities presented in
Table 5 in the text, are presented in Table 11. In comparing these income elasticities
across parameter values, it isinstructive to decipher what they "reveal™ about food
consumption behavior. For example, note that vegetable income elasticities

(vegetables are the cheapest source of variety in the diet for this
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Table 11—FCDS income elasticities for Pakistan, urban lowest expenditure quartile,
utility function parameters for energy and variety varied as shown, nonfood
income elasticity held constant

Utility from Energy Parameters

Utility from w.e; =-0.03 w.e; =-0.06 w.e; =-0.09
Variety EUMX EUMX EUMX
Parameter 2,000 3,000 4,000 2,000 3,000 4,000 2,000 3,000 4,000
w, = 0.30
Wheat .09 .09 .09 -06 -09 -13 -12 -17 -.32
Rice 50 55 .62 46 .61 .94 44 75 241
Milk 62 .62 .62 .66 .66 .66 .67 .68 .67
Meat .83 .82 .82 .88 .87 .87 90 .89 .85
Vegetables 58 58 57 .62 .60 .58 .63 .60 .55
Fruits a3 72 71 g7 75 .73 79 .75 .68
Others 81 .81 81 .87 .87 .87 .88 .89 .87
Nonfoods 1.75 175 1.75 1.75 175 1.75 175 175 175
w, =0.70
Wheat 20 22 24 -03 -05 -.09 -11  -15 -.26
Rice 58 .62 .68 50 .63 .89 A7 74 177
Milk 48 47 A7 53 B3 52 54 54 .54
Meat .88 .87 .86 96 .96 .96 99 .99 .97
Vegetables 36 .35 .34 39 36 .34 40 .36 31
Fruits .67 .66 .65 73 .71 .68 a5 .71 .65
Others .87 .86 .85 95 96 .96 98 .99 .99
Nonfoods 1.75 175 1.75 1.75 175 1.75 175 175 175
w, =1.10
Wheat 37 43 B2 .00 -.02 -.05 -10 -14  -23
Rice .66 .72 .77 51 63 .84 48 .70 141
Milk 36 34 31 42 42 42 44 44 44
Meat .89 .87 .83 1.03 1.04 1.04 1.07 1.08 1.07
Vegetables A7 17 .16 A7 14 11 A7 12 .05
Fruits .64 63 61 J1 .69 .67 73 .69 .64
Others .87 8 81 1.02 1.03 1.04 1.06 1.08 1.09
Nonfoods 1.75 175 1.75 1.75 175 1.75 175 175 175
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particular disaggregation of these Pakistan data) are much higher for low values of w,,
which may seem counterintuitive—a positive relationship might have been expected
between w, and income elagticities for variety-intensive foods.

To interpret this result, consider that each solution in Table 11 is derived using
the same input data for food quantities and prices (shown in Table 7 for the urban
lowest income quintile). Consumers A and B are observed to eat identical amounts of
vegetables (and other foods) facing identical prices and having identical incomes.
However, suppose that consumers A and B have different preference functions,
specifically w,=0.30 for consumer A (the top portion of Table 11) and w,=1.10 for
consumer B (the bottom portion of Table 11). The vegetables that consumer B eats
are valued (relative to consumer A) for the variety they provide. This"reveals’ that as
income goes up, consumer B (who, along with consumer A, will be less concerned
about variety asincome increases and more concerned with tastes of individua foods;
see Figure 1) will exhibit a (relatively) weak demand for vegetables.

Consumer A (atrue vegetable lover), despite alow value for w,, is eating the
same amount of vegetables as consumer B. This"reveals' a(relatively) strong
preference for the "taste" of vegetables on the part of consumer A. Consumer A's
demand for vegetables will remain (relatively) strong as income increases.

Put differently, if the prior information had been that the income elasticity for

vegetables for consumer A was (say) 0.60 and for consumer B was (say) 0.15
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(again, both consumers having identical diets), thiswould "reveal" arelatively low
value for w, for consumer A and a higher value for consumer B.

Turning to wheat and rice, despite the (relatively) high disutility of food staple
consumption in terms of reducing variety for consumer B (because w,, isrelatively
high), consumer B eats the same amount of food staples as consumer A. For
consumer B, thisreveals arelatively strong preference for the "taste" of wheat and

rice and, therefore, higher income elasticities for food staples.

Effect of the Shadow Price of Energy

Restricting the discussion to consumers like B (that is, holding w, constant at
1.10), the different income elasticities for wheat between w.e, =-0.03 and w.g, = -

0.09 provide an interesting contrast. For we, = -0.03, the shadow price for energy

isrelatively low; the shadow price for the taste for wheat is correspondingly high.
The taste shadow price for wheat is high enough (in particular because of the high
negative effect of the variety shadow price; refer to Figure 2) that it accounts for as
high a proportion of the total retail price as most nonstaple foods. Thus, the wheat
income elasticity is positive and relatively high.

Again for we, =-0.03, consider two consumers, B1 and B2, consuming the
same diets, but with E,, = 2,000 for consumer B1 and E |, = 4,000 for consumer B2
(B2 may weigh considerably more than B1 and/or may have a more strenuous activity

pattern than B1, and so requires more caloriesto reach the same level of "hunger
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satiation"). That B2 eats the same diet as B1 "reveds' that B2 iswilling to accept
more hunger (has alower shadow price of energy than B1) in return for more taste in
the diet. Income elasticities for wheat and rice are higher and income elasticities for
nonstaples are marginally lower for B2 as compared with B1.

A different (perhaps more realistic) pattern of behavior is depicted for w.e; = -
0.09. The shadow price for energy isrelatively high; the shadow price for taste for
wheat is correspondingly low. The taste shadow price for wheat is low enough, in
fact (in particular because of the high positive effect of the energy shadow price; refer
to Figure 2) that it accounts for a much lower proportion of the total retail price as
compared with nonstaple foods. Thus, the wheat income elasticity is negative.

Comparing B1 and B2 (E,,,, = 2,000 and 4,000, respectively), again B2 reveals
alower shadow price for energy and so arelative preference for the "tastes" of foods.
However, in contrast with the case where w e, = -0.03, wheat is now ranked quite low
relative to other foods in terms of the "taste" it provides. That B2 gives relatively
more weight to "taste-intensive” foods means that the income elasticity for wheat will
be even more negative than for B1.

Finally, holding E,,,, constant, consider the case where w e, = -0.03 for
consumer B3 and we, = -0.09 for consumer B4. B4's shadow price for energy is
relatively high, "revealing” that whest, in particular, is consumed for its energy
content and not for its taste. Consequently, B4's demand for wheat will be weak as

income increases, relative to B3's demand for wheat.
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The Shadow Price of Enerqy and Calorie-lncome Elasticities

The calorie-income elasticity can be computed as the weighted sum of the
income elasticities for individual foods, weighted by their calorie shares. For these
Pakistan data, wheat receives aweight of 0.74 (see Table 7). Focusing on the bottom
of Table 11 (w, = 1.10), calorie-income elasticities are high for w,e, = -0.03 (a

minimum of 0.4) and considerably lower for w e, = -0.09. It is not an underlying

strong demand for energy, but for tastes of staple foods, which is "driving" the high
calorie-income elasticities in the lower left-hand portion of Table 11 and the high
own-price elasticities for wheat in the lower lefi-hand portion of Table 5 in the text.®
Under the FCDS framework, a high shadow price for energy (for example, w e,
=-0.09), ceteris paribus, is associated with low price-response and reveals weak
demand for "energy-intensive" foods asincome increases. A high shadow price for
energy does not explain the often observed phenomenon of highest price response for
staple foods for the lowest income groups, but rather the opposite conclusion, that

price response should be low.

AGGREGATING WHEAT AND RICE INTO ONE FOOD
In Table 5, the own-price elasticity for wheat is aways lower (in absolute value)

than the own-price elasticity of rice. In Table 12, where wheat and rice are

% Such magnitudes are implausible because of the increases in body weights that they imply
(Bouis 1994).
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aggregated into asingle food, the own-price elasticity for wheat and rice combined is
always lower (in absolute value) than for wheat in Table 5, because there is no
possibility of substitution between wheat and rice. The own-price elasticities of the
remaining foods remain largely unaffected.

In Table 5, the income elasticity for wheat is always lower than that of rice. In
Table 13, the income elasticity for wheat and rice combined is always within the
range between the income elasticities wheat and rice in Table 5, and is aweighted
average with wheat receiving the higher weight. The income elasticities of the

remaining foods remain largely unaffected.

LOWERING THE PRICE OF RICE

The price of rice (which isindexed on the price of wheat) was lowered to 1.50
from 2.13; the resulting own-price and income elasticities are presented in Tables 14
and 15, respectively. Lowering the retail price of rice reduces the shadow price of
taste for rice, which is calculated as aresidual of the retail price minus the shadow
prices for energy and variety (al food quantities and other food prices remain constant
inthis"experiment"). Asdiscussed earlier in this appendix, areduced taste

component is associated with lower income elasticities
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Table 12—FCDS own-price elasticities for Pakistan, urban lowest expenditure
quartile, utility function parameters for energy and variety varied as shown,
nonfood income elasticity held constant, combining whesat and rice into one

food
Utility from Energy Parameters

Utility from w.e; =-0.03 w.e; =-0.06 w.e; =-0.09
Variety EUMX EUMX EUMX
Parameter 2,000 3,000 4,000 2,000 3,000 4,000 2,000 3,000 4,000
w, = 0.30

Wheat/rice -34 -37 -41 -18 -19 -22 -11  -.13 -.14
Milk -97 -99 -1.02 -97 -1.03 -1.09 -98 -1.06 -1.16
Meat -1.03 -1.04 -1.06 -1.03 -1.07 -1.11 -1.03 -1.09 -1.16
Vegetables -1.00 -1.02 -1.03 -1.00 -1.04 -1.08 -1.00 -1.06 -1.12
Fruits -1.06 -1.08 -1.09 -1.06 -1.09 -1.12 -1.06 -1.10 -1.14
Others -1.03 -1.05 -1.07 -1.03 -1.08 -1.13 -1.04 -1.10 -1.18
Nonfoods -1.32 -1.34 -1.35 -1.28 -1.30 -1.33 -1.26 -1.30 -1.34
w, = 0.70

Wheat/rice -45 -51 -58 -21 -23 -.26 -13  -.14 -17
Milk -98 -1.01 -1.03 -98 -1.04 -1.10 -98 -1.07 -1.18
Meat -1.06 -1.08 -1.10 -1.06 -1.10 -1.15 -1.06 -1.13 -1.20
Vegetables -1.05 -1.07 -1.09 -1.05 -1.09 -1.14 -1.05 -1.12 -1.20
Fruits -1.17 -1.18 -1.20 -1.17 -1.20 -1.23 -1.17 -1.22 -1.27
Others -1.07 -1.09 -1.12 -1.07 -1.12 -1.17 -1.07 -1.14 -1.23
Nonfoods -1.25 -1.26 -1.27 -1.19 -1.21 -1.23 -1.18 -1.21 -1.24
w, = 1.10

Wheat/rice -67 -80 -.99 -25 -29 -33 -15 -17 -.19
Milk -1.04 -1.07 -1.11 -1.05 -1.12 -1.20 -1.05 -1.16 -1.30
Meat -1.10 -1.12 -1.14 -1.10 -1.14 -1.19 -1.10 -1.17 -1.25
Vegetables -1.16 -1.19 -1.22 -1.16 -1.22 -1.29 -1.16 -1.26 -1.38
Fruits -1.30 -1.32 -1.34 -1.30 -1.34 -1.38 -1.30 -1.36 -1.43
Others -1.12 -1.15 -1.19 -1.12 -1.17 -1.23 -1.12 -1.20 -1.29

Nonfoods -1.22 -1.24 -1.26 -1.14 -1.16 -1.18 -1.13 -1.15 -1.18




Table 13—FCDS income elasticities for Pakistan, urban lowest expenditure quartile,
utility function parameters for energy and variety varied as shown, nonfood
income elasticity held constant, combining wheat and rice into one food

Utility from Energy Parameters

Utility from w.e; =-0.03 w.e; =-0.06 w.e; =-0.09
Variety EUMX EUMX EUMX
Parameter 2,000 3,000 4,000 2,000 3,000 4,000 2,000 3,000 4,000
w, = 0.30
Wheat/rice A4 14 14 -02 -03 -04 -.08 -.10 -12
Milk .63 .62 .62 .66 .67 .68 .68 .69 71
Meat .83 .83 .83 .89 .89 .89 91 91 91
Vegetables 59 58 57 .62 .61 .60 .64 .62 .60
Fruits a3 72 71 78 .76 .75 .80 .77 74
Others 82 .82 .82 .87 .88 .89 90 91 .92
Nonfoods 1.75 175 1.75 1.75 175 1.75 175 175 175
w, =0.70
Wheat/rice 24 26 .28 .01 .01 -.00 -.06 -.08 -.10
Milk 48 .48 47 53 53 53 55 .55 .56
Meat .88 .88 .87 97 .98 .98 1.00 101 1.02
Vegetables 36 .35 .34 39 37 .35 40 .37 .33
Fruits .68 .67 .65 g4 72 .70 a6 .72 .69
Others .87 .86 .86 96 .97 .98 99 1.01 1.03
Nonfoods 1.75 175 1.75 1.75 175 1.75 175 175 175
w, =1.10
Wheat/rice 41 .47 56 .05 .04 .03 -05 -.07 -.10
Milk 36 34 31 43 42 42 44 45 .45
Meat .89 .87 .83 1.04 105 1.08 1.08 110 111
Vegetables A8 .17 .16 A7 15 11 A7 12 .06
Fruits .64 63 61 g2 .70 .69 g4 71 .67
Others 87 85 81 1.03 1.04 1.06 1.07 110 1.13

Nonfoods 175 175 1.75 175 175 1.75 175 175 175
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Table 14—FCDS own-price elasticities for Pakistan, urban lowest expenditure
quartile, utility function parameters for energy and variety varied as shown,
nonfood income elasticity held constant, rice price lowered from 2.13 to

1.50
Utility from Energy Parameters

Utility from w.e; =-0.03 w.e; =-0.06 w.e; =-0.09
Variety EUMX EUMX EUMX
Parameter 2,000 3,000 4,000 2,000 3,000 4,000 2,000 3,000 4,000
w, = 0.30

Wheat -35 -39 -45 -20 -25 -38 -15 -.22

Rice -.88 -1.08 -1.38 -89 -1.40 -3.32 -89 -2.01

Milk -97 -99 -1.02 -97 -1.03 -1.09 -97 -1.06

Meat -1.03 -1.04 -1.06 -1.03 -1.07 -1.11 -1.03 -1.09
Vegetables -1.00 -1.02 -1.03 -1.00 -1.04 -1.08 -1.00 -1.06

Fruits -1.06 -1.08 -1.09 -1.06 -1.09 -1.12 -1.06 -1.10
Others -1.03 -1.05 -1.07 -1.03 -1.08 -1.12 -1.04 -1.10
Nonfoods -1.33 -1.34 -1.36 -1.29 -1.31 -1.34 -1.27 -1.32
w, =0.70

Wheat -45 -51 -.60 -22 -27 -.36 -15 -21 -2.33
Rice -79 -93 -1.14 -78 -1.15 -2.18 -79 -1.53 -39.99
Milk -98 -1.01 -1.04 -98 -1.04 -1.10 -98 -1.07 -1.18
Meat -1.06 -1.08 -1.10 -1.06 -1.10 -1.15 -1.06 -1.13 -1.20
Vegetables -1.05 -1.07 -1.09 -1.05 -1.09 -1.14 -1.05 -1.12 -1.20
Fruits -1.17 -1.18 -1.20 -1.17 -1.20 -1.23 -1.17 -1.22 -1.27
Others -1.07 -1.09 -1.12 -1.07 -1.12 -1.17 -1.07 -1.14 -1.23
Nonfoods -1.25 -1.26 -1.28 -1.20 -1.22 -1.24 -1.18 -1.22 -1.38
w, = 1.10

Wheat -65 -79 -99 -26 -31 -39 -16 -21 -47
Rice -72 -83 -.99 -70 -98 -1.63 -70 -1.24 -5.44
Milk -1.04 -1.08 -1.11 -1.05 -1.12 -1.20 -1.05 -1.16 -1.30
Meat -1.10 -1.12 -1.14 -1.10 -1.14 -1.19 -1.10 -1.17 -1.25
Vegetables -1.16 -1.19 -1.22 -1.16 -1.22 -1.29 -1.16 -1.26 -1.37
Fruits -1.30 -1.32 -1.34 -1.30 -1.34 -1.38 -1.30 -1.36 -1.43
Others -1.12 -1.15 -1.19 -1.12 -1.17 -1.23 -1.12 -1.19 -1.29
Nonfoods -1.22 -1.24 -1.26 -1.15 -1.17 -1.19 -1.13 -1.16 -1.21

Note: ... indicates that solution is not consistent with utility maximization.
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Table 15—FCDS income elasticities for Pakistan, urban lowest expenditure quartile,
utility function parameters for energy and variety varied as shown, nonfood
income elasticity held constant, rice price lowered from 2.13 to 1.50

Utility from Energy Parameters

Utility from w.e; =-0.03 w.e; =-0.06 w.e; =-0.09
Variety EUMX EUMX EUMX
Parameter 2,000 3,000 4,000 2,000 3,000 4,000 2,000 3,000 4,000
w, = 0.30
Wheat 10 .10 .10 -05 -07 -13 -11  -15
Rice 34 39 46 26 .40 .97 22 .57
Milk 62 .62 .62 .66 .66 .67 .67 .68
Meat .83 .82 .82 .88 .88 .87 90 .89
Vegetables 58 58 57 .62 .60 .59 .63 .61
Fruits a3 72 71 g7 75 .73 79 .76
Others 82 .82 .82 .87 .87 .88 .88 .89
Nonfoods 1.75 175 1.75 1.75 175 1.75 1.75 1.75
w, =0.70
Wheat 21 22 24 -02 -04 -08 -09 -13 -1.14
Rice 42 46 52 28 .39 .73 24 .49 13.09
Milk 48 .48 47 53 53 53 54 54 .50
Meat .88 .88 .87 96 .97 97 99 .99 .87
Vegetables 36 .35 .34 39 37 34 40 .36 .26
Fruits .67 .66 .65 73 .71 .68 a5 .71 .56
Others .87 .86 .86 95 96 .96 98 .99 .89
Nonfoods 1.75 175 1.75 1.75 175 1.75 175 175 175
w, =1.10
Wheat 38 .44 53 .01 -00 -.03 -08 -.12 -.28
Rice 53 B9 .67 30 39 61 24 43 2.06
Milk 36 34 32 43 42 42 44 44 44
Meat .89 .87 .84 1.04 1.04 1.05 1.07 1.08 1.08
Vegetables A7 17 .16 A7 14 11 A7 12 .05
Fruits .64 63 61 J1 .69 .67 73 .69 .64
Others .87 .8 .82 1.02 1.03 1.05 1.06 1.08 1.10
Nonfoods 1.75 175 1.75 1.75 175 1.75 175 175 175

Note: ... indicates that solution is not consistent with utility maximization.
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(compare Tables 11 and 15) in that it "reveals’ that riceis being consumed primarily
for the energy it provides (relative to the higher rice price scenario of Table 11).
Analysis of changed price-responsiveness is more complex. On the one hand,
asthe price of rice declines, it becomes a more attractive substitute for wheat as an
inexpensive staple. On the other hand, in that the taste shadow price for rice has
declined, spending a dollar on rice (high calories, positive taste, negative variety)
instead of nonstaple foods (low calories, positive taste, positive variety) isnow less
attractive. Whether the former factor (increased price-responsiveness) or the latter
factor (reduced price-responsiveness) predominates depends on the relative
magnitudes of the shadow prices for variety (w,) and energy (E ux, W.&;). Own-price
elasticities for rice are sometimes higher and sometimes lower in Table 5 (ahigh rice
price) as compared with Table 14 (alow rice price). High valuesfor E,, and w e,
and low valuesfor w, (arelatively high energy shadow price) are associated with

higher own-price elasticities for rice in Table 14 as compared with Table 5.



APPENDIX 4

AN EXTENSION OF THE FCDS: FOOD GROUPS

Footnote 14 refersto an extension of the FCDS in which a predesignated
subgroup of the » foods (for example, beef, pork, chicken, fish, and other meats) share
acommon additional characteristic shared by each of these foods, but not by any food
outside of the subgroup. This extension is developed below. Equations (6) through
(9) from the text, which refer to utility from tastes of individual foods, are reproduced

for convenience.

Uti(qi) = Iog(qi), (6)
T = Wti[ El.) >0, (7)

w2 .
T = Wn[ qi] 0, 8
Ty = 0. (9)

In equations (6) through (9), each additional unit of taste of good i, no matter
what the quantity, adds additional utility, but at a decreasing rate. Thefirst derivative
is positive and the second derivative negative. The "across food" second derivativeis
zero, which may be a reasonable assumption for broad food groups.

However, for estimating a highly disaggregate food matrix in which several

individual foods for a broad food group are specified (for example, if in place of an
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aggregate "mesat" category, the food demand matrix includes individual meats such as
pork, chicken, beef, fish, and other meats), the assumption implicit in equation (9)
may be unredlistically strong. This may be remedied by specifying which individual
foodsfall into K broad food groups and respecifying that portion of equation (1) in the

text that refers to the utility from taste of foods as follows*:
n K
wU(T) = Y wglog(g) + Y wlog(G,), (32)
i=1 k=1
where
n
G, = .Zldki'qi (33)
| =

and d,, = 1 for al i belonging to food group k; d ,; = 0 otherwise.

In the first and second derivatives and first order conditions below, it is assumed
that only one food group (say, meats) has been specified and that food numbers 5
through 8 belong to the meat group (for a system of say ten foods and one one-food).
For foods belonging to the meat group, G, is observed and d; and d,; are 1. Thus, w
must also be specified apriori beforeit is possible to solve for the w,'s from the first-

order conditions:

3 All » individual foods need not be included in one of the K food groups. It is conceivable,
though it would not be a frequent occurrence, that an individual food may be included in two or more
of the K food groups. A food group could include both staple and nonstaple foods, or only staple
foods, or only nonstaple foods.



90

First Derivative for Taste:
T, = Wn[ El.] + W, Gik) (34)
First-Order Condition for Food 5 (a Meat):
PS:%[%25+2%25E]+%%+%$5+%G%( (35)

Second Derivatives for Taste:

T = Wti[ qi) - Wk'dki'( Gik] 2' (36)

1)2
Oy Ek) . (37)

For each food group specified, prior specification of one additional demand el asticity

isrequired (in addition to the original four elasticities/utility function parameters) in

order to be able to solve the first-order conditions for the w,'s for that food group.
Compare Figure 3 with Figure 2 to see that specification of these "group-

specific" characteristics reduces the proportion of the retail price accounted for by the

shadow price of "taste," the residual that accounts for whatever

Figure 3—Theretail price for each food is the sum of the shadow prices for energy,

variety, and the tastes of individual foods; for meats, this sum also includes
a shadow price for acommon characteristic that isinherent in meats
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characteristic(s) is(are) inherent in a specific food and not shared by any other food.

Addition of these food-group-specific characteristics adds a "degree of
freedom" for each food group, which (1) allows for a greater "stratification” of the
income elasticities within afood group (that is, increases the range between low and
high elasticities for foods in the group) and (2) increases the magnitudes of the cross-
price el asticities between foods in that group.

These properties are shown in Tables 16, 17, and 18 taken from Bouis (1991a).
For these Philippine data (Table 16), animal and fish products were specified asa
group containing seven individual foods. Notein Table 17 the range of income
elasticities between (say) fresh fish (an inexpensive meat) and beef (an expensive
meat). The relatively high cross-price elasticities between animal and fish products
areshown in Table 18.

The Philippines data al so provide an interesting contrast with the Pakistan
results in that, because of import policies, wheat is a more expensive source of
caloriesthan rice. Conseguently, income elasticities are substantially higher for wheat

than rice.
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Table 16—Input data for calculating food demand matrix, urban Philippines, lowest
income quartile, 1978

‘000 Price

Price Calories  Share Share per

per Quantity per of Food  of Total '000
Food Group Kilogram® Consumed® Kilogram Budget Expenditures Calories® Nonstaples? Meat?
Corn 1.218 112 3.500 .01 .01 .35 .0 .0
Rice 1.368 1.827 3.510 .25 17 .39 .0 .0
Wheat/bread 2.597 .140 3.650 .04 .03 71 1.0 .0
Vegetable/fruit .873 1.302 .296 A1 .08 2.95 1.0 .0
Other foods 2.333 721 2.068 17 12 1.13 1.0 .0
Fresh fish 3.197 .455 .554 .14 .10 5.77 1.0 1.0
Other meat 3.247 .280 725 .09 .06 4.48 1.0 1.0
Pork 6.494 .063 3.444 .04 .03 1.89 1.0 1.0
Beef 8.656 .021 1.667 .02 .01 5.19 1.0 1.0
Poultry 9.740 .014 1.500 .01 .01 6.49 1.0 1.0
Eggs 6.494 .042 1.500 .03 .02 4.33 1.0 1.0
Milk/product 4.468 224 1.063 .10 .07 4.20 1.0 1.0
Nonfoods 4.364 1.000 .000 .00 .30 .00 .0 .0
Household size = 6.9
Adult equivalents = 5.7
Food expenditures = 10.2
Nonfood expenditures = 4.4
Income = 145

Source: Bouis (1991a).

 Price per kilogram is indexed on the price paid for a kilogram of corn grits by the lowest income quartile in
rural areas (index = 1.00 = price paid for one kilogram of corn grits).

P Quantity consumed is kilograms per capita per week.

¢ Price per '000 calories uses the index for the price of corn (= indexed expenditures for a food/(kilograms
for a food x calories per kilogram).



Table 17—Comparison of arc income elasticities between income groups and income
elasticity estimates, by income group by food, urban Philippines

Income Arc Income Elasticity Between Income Group

Estimated

Food Group 2 3 4 Income Elasticity
Rice 1 -.01 .00 -.00 0.14
2 -.01 .02 0.12
3 -.03 -0.03
4 -0.16
Corn 1 .68 .05 -.04 -0.33
2 -.15 -41 -0.83
3 -.30 -0.57
4 -0.02
Wheat/bread 1 .07 .10 .07 0.47
2 16 .28 0.52
3 .20 0.34
4 0.07
Vegetables/fruits 1 .08 .09 .05 0.44
2 .10 .20 0.58
3 A3 0.56
4 0.55
Other foods 1 -.03 .05 .05 1.28
2 16 .28 0.80
3 .20 0.75
4 0.62
Fresh fish 1 .08 .02 .01 0.34
2 .01 -.06 0.09
3 .06 0.07
4 -0.03
Other fish/meat/poultry 1 .02 .08 .06 0.28
2 A5 .30 0.30
3 16 0.24
4 0.27
Pork 1 .08 31 22 141
2 .53 1.02 1.18
3 41 0.76
4 0.35
Beef 1 -.23 .09 A7 1.99
2 .82 1.02 1.35
3 a7 1.10
4 0.68
Poultry 1 .68 .89 .67 2.08
2 .82 1.27 1.35
3 .62 0.96
4 0.69
Eggs 1 A1 .26 21 1.75
2 A7 .73 1.18
3 A7 0.80
4 0.30
Milk/milk products 1 A1 .18 .10 1.24
2 21 49 1.46
3 .18 0.96
4 0.66

Source: Bouis (1991a).



Table 18—Food demand elasticity estimates, urban Philippines, lowest income quartile

Wheat/ Vegetables Other Fresh  Other Milk/
Food Group Corn Rice  Bread Fruits Foods  Fish Meat Pork Beef Poultry Eggs Products Nonfoods Income
Corn -1.59 1.15 .27 -.20 .52 -.03 .01 .09 .01 .00 .02 .05 .03 -.33
Rice .06 -.66 .22 -.20 41 -.06 -.01 .07 .01 .00 .01 .03 -.01 .14
Wheat/bread .09 1.44 -2.39 .73 -.22 .05 .00 -.08 -.01 .00 -.01 -.03 -.04 A7
Vegetables/fruits -.03 -.48 .23 -.96 71 .02 .03 .04 .00 .00 .01 .03 -.04 44
Other foods .03 41 -.07 41 -1.73 -.06 -.05 -.04 -.01 .00 -.01 -.05 -12 1.28
Fresh fish -.01 -.14 .02 .02 .04 -1.41 .60 .10 .03 .02 .06 .36 -.03 .34
Other meat .00 -.05 .01 .04 .02 .97 -1.80 .10 .03 .02 .06 .36 -.03 .28
Pork .01 .19 -.09 .03 -.19 .25 A5 -1.72 .00 .00 .01 .08 -.13 1.41
Beef -.02 -.24 -.05 -.10 -.13 .04 .02 -01 -1.34 .00 .00 .01 -.18 1.99
Poultry -.02 -.28 -.05 -11 -.13 .00 .00 -.01 .00 -1.28 .00 -.01 -.19 2.08
Eggs -.01 -.18 -.05 -.07 -12 .16 .10 .00 .00 .00 -1.48 .05 -.16 1.75
Milk/products -.01 -12 -.03 -.03 -.07 44 .27 .04 .01 .01 .02 -1.65 -11 1.24
Nonfoods -.02 -.29 -.04 -11 -.10 -15 -.10 -.02 .00 .00 -.01 -.06 -.86 1.77

v6

Source: Bouis (1991a).



APPENDIX 5
DERIVING AN EXPRESSION FOR THE RELATIONSHIP
BETWEEN UTILITY FUNCTION PARAMETERS FOR ENERGY
ACROSS SOCIOECONOMIC GROUPS

How are the utility function parameters for energy between low-income and
high-income groups related? Equation (43) is derived here to provide one possible
mathematical relationship. Equation (43) is used to solve for estimates of w.e; for
various Pakistan urban/rural income groups, as described in Appendix 2.

In general, different socioeconomic groups will have different activity levels, so
that the level of energy consumption at which dU(E)/0E=0 will vary for each group;
cal thislevel E,,, for alow-income group and E ,,,,« for a high-income group.
Intuitively, it can be expected that alow-income group will be more active than a
high-income group, so that E, ,« > Ex. However, the derivations that follow do not
depend on such an assumption.

To begin, areasonable assumption is that

Ua(BEux) = Uan(Brwx) » (38)
where

Ua(Eiux) = e BEux * e3LEL2MX (39)

and
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Ua(BEimx) = &Epux + e3HE}-2|MX' (40)

One way of interpreting the assumption made in equation (38) isto consider an
individual who shifts to a more active occupation, requiring an increment in calorie
consumption equal to E, . - Eux t0 maintain the same weight in the new occupation
asin the previous one. Equation (38) impliesthat utility from energy consumptionis
equal between the two occupations at consumption levels of E, , (new occupation)
and E,,,,« (old occupation).

Next, by definition,

“Elux = % = “2E yx8 = € (41)
L
and
“Brwx = Zeez: - “2Eux8n = By (42)
H

Substituting equations (41) and (42) into equations (39) and (40), respectively, before

substituting equation (39) and (40) into (38), gives

2 2 2 2
-263 Elyx + €3 Elux = 283 Eiux * €Efwx

EZ . 43
&L = &y :Mx “43)

LMX

At a specific level of energy intake, E (below E, ,,x and E,,;y), intuitively, one
would expect that the marginal utility from energy intake for the more active group

would be greater than the marginal utility from energy intake for the less active group.
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To determine the conditions under which thisisthe case, letting MU, = 0oU,(E)/0E

and MU,, = dU,(E)/3E,

2

MU, =e, +2eE = 2e,, :Mx (-Eux + B (44)
LMX

MU, = &, + 26, F = 2, (-E,,yx + E). (45)

MU, isgreater than MU, if

2
MU Eiux(-ELux * B) S

MUH ELZMX(*EHMX + E)

1

or
EHMX
E (ELMX B EHMX)
E > _tMX (46)
EZ
1 - +42||v|x
Elvx

For the range of values of E, ,, and E ,,x chosen for Pakistan reported in the text
(3,200 to 2,800 calories per day per adult equivalent), equation (46) holds for

observed calorie intakes above 1,575, which is the case for all income groups.



APPENDIX 6

MISCELLANEOUS RELATIONSHIPS/DERIVATIONS

The following derivations are by-products of unsuccessful effortsto solve the
first-order conditions for arelatively smple expression for g, = f(py,..-Pn Prs Y)- They

may be useful for future work with the FCDS.

RELATING MONEY FLEXIBILITY AND THE CALORIE-INCOME
ELASTICITY

The first-order conditions are given below for two foods (a staple and a

nonstaple, food #1 and #2, respectively) and nonfoods.

W Wy | -M Wi |1
Py = - ez, + 2ezF] + 7 72| q—l] (47)
_ We Wv T*M Wt2 1
P, = L [ezzz " 2e322E] e T2 e q_z], (48)
ou
p _ aUnf aUnf _ & aUnf (49)
nt A |oq, A |aq,
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Also,

Y = POy + Py + Pl

(50)
In this ssimple case,

E

2,0, + 2,0, (51)
M=q,; T

a9, +d; T-M =q,. (52

Thisis not done in the text, but to simplify the discussion, assign a specific functional

form for nonfoods:

Unf(qnf) = |Og qnf'

(53)
Substituting for M, T, E, and dU,;/0q,;, and multiplying equation (47) by q 4,
equation (48) by q,, and equation (49) by g, gives
B WZ,0; N N N ﬂ -0,9, N Wi
Pty = % [ez 2e,(z,q, ZZQ2)] i —(ql o T (54)
W0, . . Y 9,9, L W
P, = % [ez 2e,(z,q, ZZQ2)] i —(ql o o (55)

W
pnfqnf = Tnf ) (56)



100

Multiply equations (54), (55), and (56) by A, sum these three equations, and substitute
for Y from equation (50). This gives (also using equation [51])*:

AY = W, [« 207 v wy ¢ wp - Wy (57)

For convenience, let Z denote the RHS of equation (57). Taking the partial derivative

of equation (57) with respect to income,

dlogh  dlogY _ dlogZ

aY aY aY
100,01 102
A oY Y Z 0

Y o [E z] [1 ﬁ] 1 (58)

A dY |z oE||E oy

The LHS of equation (58) isthe money flexibility. The second bracketed term on the
RHS of equation (58) is the calorie-income elasticity, which is usually found to be
positive. Tolook more closely at the first bracketed term on the RHS of equation

(58), take the partia derivative of the RHS of equation (57) with respect to E:

0Z

or

%5 Equation (57) turns out to be quite general; the variety terms always disappear from the
summation. For the case of » foods, and any disaggregation of these n foods between staples and
nonstaples (at least one staple and one nonstaple), the list of w,'s would have n termsinstead of just
two terms.
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E) 0z _ wE(e, + 2e,E) + w E(2eE)
Z) OE  WE(e, + 26F) + Wy + Wy, + W (60)

nf

Equation (59) is less than zero for E > E,,,/2, which isthe relevant empirical range, so
that the numerator of equation (60) is negative. Where the marginal utility of calories
is positive (that is, e, + 2e,E > 0), the denominator of equation (60) is positive, so that
the entire expression is positive. Therefore, the first bracketed term on the RHS of
equation (58) is negative, while the second bracketed term is positive. Therefore,
where the marginal utility of caloriesis positive, the money flexibility will be less
than -1. Where the marginal utility of caloriesis zero, equation (60) will remain
negative. However, at sufficiently high intakes of calories, the denominator of
equation (60) may become negative, at which point the money flexibility falls
between -1 and 0.

If the simplifying assumption of equation (53) is dropped, it is no longer
possible smply to write 6Z/0Y = (0Z/0E)(0E/dY), so that these results do not
necessarily hold. Nevertheless, controlling the effects of o(w,; g [0U,; (Q)/00¢]/0Y

on Z, there istendency for the money flexibility to take on values less than -1.
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THE RATIO OF TWO FOOD INCOME ELASTICITIES
A relatively simple expression can be developed for the ratio of two food
income elasticities as described below. The determinant of the entire bordered

Hessian in Appendix 1 may be expressed as

D = fo5[Dss| — PsPs| Dyl
where
Xi1 X2 X3 Xy 7Py
Xo Xy Xy Xy 7Py
Dy = | Xs1 Xz Xz Xgy ~Ps
Xpo Xap Xz Xgg 7Py
PP, P3P O
and
Xir X X3 Xy
D - |fa X2 X X
44
X3 Xz Xzg Xy
Xgo Xgp Xyz Xy
and
Xp =By + Vg + Ty i X =B + Vo0

and so forth. D isrequired in the computation of the income elasticity of any food,

say thefirst food (see equation [2-31] in Henderson and Quandt [1980]):
Y [ &)
a, D

Dy, is cofactor for the last element in the first row of the bordered Hessian:

n, = -

(61)
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Xip X3 Xy 0 -Py
Xy X3 Xy 0 -P,
Dg; = | X2 Xaz Xa O P (62)
Xpp Xz X4 0 Py
0 0 0 fg 0
X X3 Xyg 7Py
X X X, P
“ 1 Xzz X23 X24 e . |Dyl.
2 Xz Xy P
Xp Xaz Xgg 7Py

By analogy, for the second food, equation (63) may be written

D¢, = ’f55|D24|1 (63)
so that

Ui -0, |D14|

_— = < = 64

% 6 Dy (64)

Note that the ratio of two food income elasticities is independent of any prior

information related to nonfoods; it does not involve ¢/ ;.
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