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INTRODUCTION

In his review of empirfcal estimates of food price and income
elasticities which are disaggregated by income group, Alderman [1386]
finds that elasticities, with a few exceptions, decline {in absoluta
value) with increasing incoms. . This pattern occurs across a wide

 range of countries, for cross-section datz sets collecisd at various

frequencies and time intervals, using several estimation techniques.

 Timmer [1981], on whose article the subtitle of this paper v besed,

~ was the first to propdse such a relationship, going so far as to spe-

. culate that the (utility constant) "pure substitution™ term in the

~ Slutsky equation declired {in absolute value) by uppruximately half as
~ much as the income elssticity declined as incomes vise. ,

~ In the first section of this paper, 'a structure of consumer
demand behavior for food is proposed which can explain why low-income
- groups are more price-responsive than higher income groups, as is
apparent empirically from the Alderman veview. While the practical

importance of this empirical relationship in terms of policymaking is
well understood, the underlying causes generating this demand behavior
are not well understood, apart from the intuitive notion that persons
in high income graups are not forced by necessity to be particularly
- budget conscious (price-responsive) in terms of food purchases and so
gat, Tor the most parg, what they prefer o eat,

: A "demand for characteristics® approach is used to explain foos
acquisition behavior, in particular demand for bulk fo alleviats
hunger, demand for variety in the diet, and demand for tastes inharent
in particular goods. The analysis will show that, in general, demand
for variety increases price response, while demand for bulk and tastes
decreases price response for food staples. The relative importance of
shadow prices for these characteristics varies by income group, so
that price response is highest for income groups which assign a rela-
tively high weight in their utility functions to marginal increases in
variety. The implication is that in most empirical studies thus far
undertaken, then, it is the lowest income groups that place the
highest relative weight on viriety. However, in those fewer empirical
studies where price elasticities were highest for middlie income
groups, it can be surmised that Jow income groups assign a relatively
high weight to marginal increases in bulk.

The second section of this paper develops the bordered Hessian
matrix, implied by the constrained maximization of the utility func-
‘tion gpecified in the first section of the paper, from which the
‘demand matrix of price and income elasticities for various foods can
be derived. Given the assumptions specified in the first section of
the paper as to food consumption behavior, the mathematical deriva-
tyons will show that only four parameters (shadow prices and/or price
a4t income elaticities) need be specified to fi11 in the entire demand
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“elasticity matrix for a system of n foods and one non~food. A11 four
standard restrictions derived from demand theory (adding up, homoge-
gﬂgy;d symmetry, and negativity) hold for demand elasticities so

In the third section of the paper, specific values suggested by
the theory developed in first secticn of the paper and a data set from
~the Philippines, are substituteéd into tiie bordered Hessian for a

demand system of four foods (ont¢)preferred and one non-preferred
careal, fruits/vegetables, and meat) and one non-food. Comparative

 static analysis is used to compare the relative magnitudes of price

and income elasticities generated under various assymptions of rela-~
tive preferences for bulk, wariety, and tastes. Tho results show
that a wide range of price and income elasticities can be generated by

- the model, depending on relative weights assigned to the thres charac-

- teristics mentioned above.

A fourth section of the paper implements the characteristic
demand framework to derive food demand matrices for urban and vural
populations in the Philippines, using published data from tha 1978
nationwide nutritional survey. When observed price and income changes
between 1978 and 1982 are applied to the estimated food demand mat-
rices, they are found to "predict" 1982 food consumption levels
reasonably closely, as measured by a second nationwide nutritional
‘survey. A Tifth section of the paper draws the final cenclusions.

I * “““ARACTERISTIC" DEMAND SYSTEM FOR FOOD
I.A. An Intuitiue. Approach

In a sense, the task of this paper is to work “backwards," from
empirical results to a theory which can account for those results. It
is perhaps fitting, then, to start with some demand estimates which do
not conform to the usual monotonically-declining pattern and to deve~
Top some intuitive insight into why a different pattern might occur.
‘Th;%;s will hopefully add clarity to the theoretical discussion to
follow.

Table 1 shows empirical estimates for rice and corn demand func-
tions for three regions in the Philippines which were estimated using
~ a cross-section, time series data set. The estimates (taken from
Bouis [1982]) utilize data from sixteen household food expenditure
surveys undertaken quarterly by the Ministry of Agriculture between
1974 and 1978.

Table 2 shows that very Tittle corn is eaten in the north in
Luzon, while corn is a very important consumption item in the southern
regions of the Visayas and Mindanao, especially among Tow income
groups. Aggregate price elasticities for rice and corn are much
~ higher in the southern regions because of the substitution possibili-
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o Tabie 1~~Estimatas of own»price elasticities for rice and corn, by
S ragion by income sroup ‘ :

N ~ , .7 Region ST
Cereal  Group National®  Luzon Visayas ~ Windanao

1 w7 b4 08 25
B S -2.0
Cm o -7 w02 L& ALE
o 04 03 08 -0.5

T

Rice

AT <06 0.3 -1 -8

1 -La k D R

| I 1.5 15 -6
- Corn 11 | El,ﬁ | =2.1 -0.9
' v 13 | -2.0 0.6

A -1.4 | 1.6 1.2

“Source: Bouis (1982).
@ Enr cory, national estimates include observations for Cagayan 1n
uzon.
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 Table 2--9ar capita consmptioq of rice am! corn, by region by m:ome
group {ki‘iogrm per cap‘!t:a/mp )

. o Incomwe Grous ‘

Region 1 2 3 & All
Rice ,
Manila 1.84 1.83 1.95  1.82  1.86
Tlocos 2.61 2.61 ,2*53 2.33 2.55
Cagayan 1.97 2.20 2.371 2.37 - 2.21
Central Luzon ~ 2.44 2.39 2.47 2.51 2.85
Southern Tagﬂng 2.25 2.29 2.27 2.15 2.24
- ‘Bicol : 1.95 2.12 2.19 2. 18 : 2.10
Western Visayas 1.76 1.98 2.05 2.10 1.96
Eastern Visayas 1.17 - 1.29 1.43 1.62 1.37
~ Korthern Mindanao 1.05 1.35 1.73 1.97 1.48
Southern Mindanao 1.16 1.48 1.85 1.95 , 1,58«
National Total 1.77 1.94 2.8 2.09  1.96

~ Corn

Manila 0,02  ©0.02 0.0  0.03 0.2
Ilocos g.05 0.03 0.04 .08 0.04
Cagayan 0.66 7,59 0.27 0.22 0.40
Central Luzon 0.03 0.04 0.02 0.03 0.03
Southern Tagalog 0.03 0.03 0.04 0.04 ‘0,03
Hestern Visayas 0.65 v.54 0.41 0.28 0.48
Eastern Visayss 1.27 1.16 0.94 0.71 1.03
Horthern Hindanao 1.39 1.17 0.83 0.54 1.02
Southern Mindanao 1.28 0.84% 0.55 0.44 0.81
ﬂatidﬂﬂ: Tot,aT 0.46 0.35 0.26 0.42

Philippines

Soum' Spacia‘i Studies Diviaion Surveys, Ninistry of Agricu‘lture,
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ties between the two main staples, rice and corn. uata. 'ﬁoﬁmm ﬂ’xim
for the Visayas for both rice and corn, highest price response occurs
=¥or widdle income groups. Hew can this result be explained?

, Data to be presented below show corn to be a Tower cost staple
than rice. Intuitively, one can imagine a very low-income household
having to spend a high proportion of its total iacome on food, and of
its total food expenditures,-having to spend almost the entire amount
on-_yrn to keep from going hi, ry. Given such a situation, suppose =
that the price of corn falls. How will the household react? The
household could afford to substitute some rice for corn now, the
preferred staple, without going hungry. A drawback, however, is that

thediet wouid still consist almost entirely of bland cereals. The

“household may prefer instead to continue eating nearly the same amount
. of corn as before to satisfy hunger, and to supploment an essentially
monotonous diet with some of inexpensive dried fish, If the Tatter
situstion is the case, if variety is more important to the household
_ than the superior taste of rice, then the observed own-price elasti-
city for corn may be very low. ‘ S L

Now suppose that the low price of corn in the previous example
prevails but that the income of our household has gone up on a perma~
nent basis. The family can afford substantial variety in the diet
represented by some meat at every meal (sometimes dried fish, less
often more expensive fresh meat) and even can afford the “Tuxury® of
some rice consumption. Again, suppose that price of corp rises. The
family is wealthy enough now not to have to worry about the specter of

_hunger, despite the corn price increase. The household may be willing
to substitute substantial amounts of rice for corn. Because it pays
more for cereals now, bulk and variety may go down somewhat. However,
although total utility goes down, the marginal utilities of bulk and
variety have come down far enough that the least utility is Jost by
giving up some variaty and some bulk, but recouping some utility from
the superior taste of rice. A higher price-response is observed for
the middle income househald than for the low-income household.

What the previcus example has done is to introduce some of the
concepts to be duveloped more formally below and to raise the possi-
bility that low income groups may be constrained in responding to
'&:ié: changes by the need to consume large amounts of a lTow-priced
staple. ‘

I.B. Model Specification

 Utility s a function of bulk, variety, and tastes, characteris-
tics of quantities of fuod consumed, and of non-food purchases.

Utitity from the characteristics of foods consumed and from non-foods

is separable. Thus: : :
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(1) = wlip(B) + wly(V) + mﬁiglwwmw * Wntlng (%)

u = total utility ¥rom all food and non-food gocls,
q = quantity of a good, A
i = 1,...,0 are the n foods consumed,
8 = a ‘weasure of bulk in the diet,
V = ameasure of variety in the diet,
Uy = utility derived from bulk, ' :
Uy = utility derived from variety, '
Ugs{ai) = utility derived fros the taste of ¢ units of good 1,
Upglang) = utility derived from g units of the non-food good,
) = weight placed on utility from bulk,
Wy = weight placed on utility from variety,
Mg = weight placed on taste from individual food i,
Wf = weight placed on utility from the non-food good.

© Hext, explicit functions are developed for measures of bulk and
‘yaviety in the diet, and first and second derivatives taken for use
Tater in the paper. ‘ : ‘

@ 8= 3
2 a%

where zy = factor converting quantity of the ith food into
- bulk (assume that all food quantities, gy, are
exprassed in kilograms). ' '

Intuitively, the z;'s ave relatively high for “dense” foods such
as cereals and fats and relatively low say for most fruits. Calories
will be used as a proxy for the true z;'s in the empirical work pre-
sented 1¢3t@£~ In this paper, B is total calories consumed per adult
equivalent.”*

(3)  Up(B) = by + byB + byB?
where by >0 and bz <0
At Tow evels of total bulk, each additional unit of bulk
increases utility, but at a decreasing rate. The functional form

chosen, however, 21lows for marginal decreases in utility from addi-
tional units of bulk at sufficiently high intakes of bulk.
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| L. *"m(hzzy + 2baB2s) M for Tow inm groups
e By e 2ot
o Wy(B) B

(5) By = Zwpbazyzy < O

mmﬁﬁ 2 ﬁ

Analagous notation will be used below for ¥y, Vyg, Ty, and Tyg.

1.8.2. Utility From Taste
(6} Ugslasz) = Toalay)
(N Ty = wey(l/ag) >0
(8) Ty = -wep(3/ag)2 <0
(@ T =0 | |

 Each additional unit of taste of good i, no matter what the quan-
tity, adds additional utility, but at a decreasing rate. The first
derivative s positive and the second derivative negative, then, which
i similar ta bulk for low income groups. However, for taste the
®across focd® second derivative is zero.

1.8.3. Utility From Variety
1.8.3.a. Defining Varioty

while the utility of variety in the diet is perhaps a universally
appealing concept intuitively, it is far from intuitive how to mathe-
‘matically define measures of variety in the diet, and even more diffi-
cult to sort out what functional propsrties utility derived from
variety should take. So as not to burden the presentation of the
model with this complex subject, a relatively simple mathematical
formulation for variety will be used in this paper. Rlthough the
vesults of using more complex functions are not presented, they do not
qualitatively affect the properties of the verall model. Some of the
issues related to choosing a particular mathematical formulation for

variety are discussed in Appendix A.
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1.8.3.b. Mathematical r&m’%xﬁﬁm of Utility from Varfety
{10} UAV) = WY | V | \ . ~
e wlastanle Klowim of foog consed par adult sauival-
T = tofa] kilograms of food conyused par adult suivalent,

‘The more nopvstaples one consumes, the graater the variety in the

dist. The more stivies one consumes, the Jzss viviety.
(1) Vy=-wMa2ca forigs

S Vi Ew(ITI - T 20 fors<idn

- whers $=1,...,8 are staple foods.
12y vyy=awtiso for 1, €=
Vg = /T3 [@m-T) forigsanda<iin
Yy e (Z‘uvﬂs? W-IJ<0 fors< t,3<n
For all thres sets u? 4 and 3, Vyy¥yq.
1.8.3.c. An Empirical Look st the Relationship Between
Variety and Income '

The particular index of variety just presented, i3 based on a
dichotomy between staple and non-staple foods. Sincz alternative
concepts of variety may involve more than two food groupings, at this

point it will be helpful to examine a dztz set to see what variation
in the data is baing Tost by such an aggregation. The data are taken

from four syrveys taken at Tour-month intervals «f 948 households in

1384 and 1985 in Bukidnon province of Mindanzo in  x Philippines {sse
Bouts and Haddad forthcoming]. MNearly all of the houseliolds were
engaged in torn production to some extent.

~ Tables 3, 4, and 5 zhow 3 breakdown of food sxpenditures, calorie
intake, and pesos spent pev zalorie by expenditure quintile and by
seven broad food groups, The food groups were chosen to oxsaine in
some detail how demasd for certain types of food might vary by incose.
The striking resylt froo Table 5 is that most of the increase in
variety with increasing income comes fairly consistently from the meat

food group, That is, there is no apparent trond (say) to increase

varfety through vegetable consumption at Tow incomes, and then to ,
increase weat consumption at middie incomes, and then Lo add fruits ¥
the diet at high tncomes. The dichotomy between staples and non-




~ '”“ah‘iu 3~~Weekly per capita food expenditures and budget amma. by
broad food group by per capita total expenditure quintile,
all rounds (constant Round 1 pesos)

~ Food Group

_ f*“?tfﬂg Expenditure Quintile_

ANl

; Rice 4
Corn

Other ﬁhﬁhﬁi

Meat/eggs/Fish

pulses

Vegetables
and Tegumes
Fruits, snacks

Gonmants
beveragss

Cooking
ingredients

{7.6) (10.2) (.2} (9.2) (15.8)

(35.8) (28.8) (24.2) (20.3) (7.5)

(8.0) (10.9) (9.4} (K,,G)' 18.7)

(21.8)  (29.5} (33 5} (#s.3’

o8 L7 18l 248 AT

(7.6) (6.3 (7.1) (7. 4) (6.6}

2.01  3.43 418 413 9,22

457

8.35
3.66
(9.2}
15.16
{37.8)
3.36
(8.4)

2\ 12
(5&3)

2.8
{7.0)

Total food

- (100.0} (100.0) {\100..‘0} (,me 0} (109‘3)‘:

3&.99
{100.0)
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~ Food Group

niﬁ-.w v‘

Table 4~~m§1y calorie availability per adu‘it emivu‘mt zmd shares by
brﬁa food group and total mgmsitum a1 munés -

Al

Rice | 233 3\ 417 484 1.&43 542
" (23.2)

(11.3)  (17.0) (20.7) (19.6) (44.5)

Corn 1,502 1,458 1,330 1,385 660 1,272
S (3.0 (b4.8) (38.2) (%6.0) (5.6) (54.5)

 Other staples 13 115 165 161 200 150

(5.3) (5.1} (1.2) (6.5) (1.1} (6.4}

Meat/eggs/fish 111 127 8L 260 152
pulses .ga.x:)f (.35 (5.5) (7.3} (10.1) (6.5)

\!ggetab! es - 28 33 35 41 38 35

&ruits, shacks 41 71 65 7%

8 &
- desserts, (2.0) (3.2) (2.8) (3.0) (3.3} (2.9)

beverages

Cooking 61 179 93 149 191 114
mgndmts (3.0)  (3.5) (4.0) (6.0) (7.8) (4.9)

mﬂ foo,d; 2,058 2,289 2,302 2,474 2,51 2,332
(mo o) (100.0) (100.0) (100.0) (100.uj (100.0)
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Table 5--Pesos spent per 1,000 calories by broad food group by per
capita total expenditure quintile, all rounds

Total Expenditure Quintile

Food Group 1 5 AN

Rice 1.72 1.76 1.73 1.69 1.72 1.73

Corn 1.31 1.36 1,34 1.3% L34 1,4

Other staples 8.64  10.54 9.01 6.86 7.68 8.55
- Meat/eggs/fish/

o Vegetabies and ‘ , N ; - ,
; legumes = 21.46  19.11  21.65  19.30  20.88  20.47

Fruits, snacks, i e 7.9
desserts, 5.77 6,77 6.39 7.04 10,17 7.22
beverages k

Cooking \ v
ingredients 8.12  6.26 560 516 4.11  5.86

~ pulses 18.50  19.29  19.29  19.8¢ 21.54  19.67

~ Total food 1.89 2.14 2.28 2,56 3.28 2.43

2
2
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: ‘~stapv‘ﬁas-,. therefore, is largely a dihhotdxiay —kbe'tw&eﬁ’ the staple and
. meat food groups. : : : S R ‘

Table 4 shows that the absolute wumber of calories consumed from
staples remains Yemarkably constant across income groups, although the
mix of particular staple goods changes. Table 5 shows that high
inceme groups pay about twice as much per calorie for all foods as low
income groups. At the margin as income increases, households buy
Yoods which are calorie expensive. Interestingly, however, within the
broad food groups selected, calorie prices do not vary much by income.

I.C. Some Implications of the Characteristic Demand System
1.C.1. Subctitutability and Separability
wpBifag) + wylilaq) +weyT (a5) Py

(11) states the well-known relationship that the ratio of the
marginal utilities should equal the ratio of the prices for goods i
and J (let B ~=Ei/w%, Vf‘fﬂﬁ‘w T4=Tj/wgi). One way of thinking about
the substitu%ab Tity of two goods is to reascn that when two gouds are
perfectly substitutable, a peso (using Philippine cueyency) spent on
good j instead of good i leaves the consumer at exactly tiv same level
of utility. Two godds are rarely ever perfect substitutex, so one
must judge utility losses on a relative scafe.

Consider the cass of twu staples where good i is corn and good §
is rice for the data set of Tables 3 through 5. At low levels of
income, where bulk is presumably an important consideration in the
consumption decision (where wpB is high), because rice is a more
expensive source of bulk, substituting one peso's worth of rice for
one peso's worth of corn would represent a relatively lTarge loss in
utility. The large loss in bulk utility would be compensateu fur
somewhat by gains in variety utility (in our particular mathematical
formulation, variety goes up when staple consumption goes down), and
by gains in taste utility if say three-fourths of a kilo of rice
delivers more “taste” than a one kilo of corn. But overall, utility
goes down by enough that corn and rice are not very substitutable, so
that price response is low.

~ Now suppose that wy=0 and the one peso expenditure is re-allo-
cated 2s above {setting wy=0 involves an initial re-allocation of Toed
expenditures before the one peso is re-spent). Rice and corn become
highly substitutable. One gains from variety, loses on the taste from
corn, but gains on the taste from rice (declining overall marginal
utility insures that there is a net loss of utility). The need for
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bul k, then, reduces the substiiutabf‘li{ﬁ;y off geods with different costs
per unit of bulk, and so presuably reduce’ nrice response.

~ .Taste has the same effect of m:ducingj! pricé-response, since by

the definition of taste, two goods cannot substitute for one another.
Setting wp=0 and w,=0 and re-allocating orie peso of expenditure always
‘ gem’lh in a larger loss of utility with # high wgy as compared with a
Tow weg. ‘ - '

Variety has the opposite effect, that of increasing price res-
ponse. Consider the case of substitutivg one peso of meat for one
peso of corn at low incomes. There is /in even larger loss in utility
from bulk ‘than from substitution of rice above. However, while the
net overall loss is negative, the consumer could be compensated to a
;;gﬂm;erab!e degree by increased variety, depending on the magnitude

1t should be evident at this point that the structure of demand

presented here is, in a sense, the viry anti thesis of the idea of
‘separability (even weak separability), The marginal rate of subs-
titution between two staples, for instance, is very much dependent on
the level of meat consumption (and vice-versa). To the extert that
the analysis prasented so far is a true reflection of the food expen-
diture decision-making process, it brings into question food demand
parameter estimates derived from various formulations of linear or
quadratic expenditure systems, all of which depend to some degree on
~ the assumption of strong or weak separability.

 1.C.2. Characteristic Demand and Hedonic Prices
Ladd and Suvannant [1976] developed the following relationship

between the market price paid for good i and the shadow prices of the
characteristics provided by that good: :

(18)  py = EPpo—-
r=1

where:

4 = utility = U(Hg,...,Hp)

good 1 vossesses one or all of h characteristics
B, = the shadow price of the rth characteristic

which is the ratio of the warginal utility
of H, and the marginal utility of income
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is defined as the total amount of characteristic r which is

. p‘resmﬁ in the bundle of goods purchased. Typically there is a very

well-defined relationship between H.;, the amount of H, provided by
Gy, the total units of good 1 which are purchased, which can be cajcu-
Tated from a constant, a technical coefficient, which converts each
unit of g; into its Hth equivalent. R

For example, with respect to food purchases, if calories aiif;vp 2
desired characteristic which motivates food purchases, then th¢ total
amount of calories available from a certain bundie of goods can be
calculated from a vector of z{'s (to use the same notation as in (2)
above), which converts each unit of gj into its calorie equivalent.
udﬁ,«/ﬂq? in (14) is this tuchnica‘l;cou}ficicut‘ If one has data for
several different foods along with the technical coefficients for

converting these foods into calories, proteins, and so on, then one

can run a regression with prices for these foods as the dependent

‘variable and the technical conversion coefficients for the various

nutrients as the "data™ on the right-hand zide to estimate shadow

~ prices for the various nutrients. , ;

- Since the sh=dow price is an estimated constant, this implies
that for successively higher increments of characteristic r that can
be added to a unit of good i, the consumer would always be willing to
pay a successively higher price for § equal to the shadow price for r
times the amount of the increment. Ore can think of several situa-
tions, however, where diminishing marginal utility for that charac~
teristic would Tower the amount of each price increase that one would
be wi1ling to pay. ~

In the demand structure presented in (1), B and T, the total
amounts of sulk and taste if you will, are each "filtered” through x
function first (in the case of bulk a quadratic function and in the
case of taste a Jog function) so that doubling the amount of a charac~

teéristic in a unit of any good does nct double the price that one is

willing to pay for that good (an argument was developed for not fil-
tering V through such a function; see Appendix A). The implication

for estimation of the hedonic price function in (14) for the demand
structure presented in this paper, is that instead of technical coef-

~ ficients being the “data* on the right-hand side, our right-hand side

variables are functions to be calculated before substitution into the
regression. These functions are the first derivatives, B;, U4, and

Tyt
(15)  py = BpBy + By + FiTy i1=1, «eu n
where:



A = the marginal utility of income.

, (15) way be vewritten as (157}, fgay for the first good in the
food demand system: : | ‘ ‘

(157 Py "5&(‘!1221,‘ + 2bgBzg) + aﬁq(s‘-ﬁﬁz} + -ﬁgx(*ifﬂ;)
= &+ p(Bzg) + By(-WT2) + Byy(-1/ag)

Even though b, Py, and Pyy may remain constant across income groups

- {apart from changes in A), the first derivatives inside the paren-

theses in {157) will vary by income group, altering the component

shares of each characteristic {the shadow prices), which sum to the

market price of the first good. HNote that in estimating (157), no

- direct estimate of P is obtained. It turns out that estimates of
pb(2bs) (which is a3} and of a%fag; are sufficient for deriving the
.mﬁx of demand elasticity estimates described in the next section of

W

TI. SOLVING THE UTILITY FUNCTION TO DERIVE A COMPLETE
A DEMAND SYSTEM OF PRICE XD INCOYE ELASTICITIES

The objective of this and the following section of the paper is
to show that a hypothetical demand system based on the structure out-
Tined in first section of the paper can be constructed which Teads to
increasing and then decreasing (in absolute value) compensated price
elasticities or a monotonically decreasing pattern across income
groups depending on assumptions as to the weights, w?, Wy, and wgi, in
the utility function. However, where appopriate, values will be used
from the data set used for constructing Tables 3 to 5 to add relevancy
to the comparative static analysis presented below.

11.1. The Bordered Hessian Matrix for a Four Food
and Une Non-Food Good System ‘

 The demand system to he experimented with consists of four foods
{an inexpansive but less preferred staple (corn) and a preferred
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stapls (rice), 2 mfi‘rntivﬂxﬁjﬁﬁ\j sensive source of variety (fruits/

vegetables) and a mora preferred source of variety (meat) and one non-

. food. To solve far the complete matrix of demand elasticities, what
" needs to be done 1 to fill in values for the bordered Hessian matrix

of second derivatives given below and then to compute the appropriate
determinants from this matrix (see Heiderson and Quandt [1971], p. 31-
32). While ali of the analysis undertaken in this section of the

 paper is for a four food and one non-food good sysiem, the results

hold more gencrally for a system of n foods and one non-food good.

| ButirtTy BiaWiz  Bgtiz Bt 0 mpf
[ Bartvar  BapipptTaz Baatay  Bata 0 |
| Buta  Biptae  BapapTyz By 0 vmf
L;‘Bmm BiaWaz  BaatVaz BagtiatTag O -py |
0 : 0 0 Q " HF55 -p5 {

T s 0

Tae zeros in the fifth row and fi¥th column of the above matrix are
th; nmx%ﬁ §§ an assumption of additivity bstween consumption of foods

Assusptions are made in Table 6 about tht prices, quantities, and

 calorie conversion coefficients of the four foods and one non-food

which are necessary for solving above demand system. The household is

_ purchasing about 9075 total calories per capita per day for a family

size of 7.0, or 1920 calories per adult equivalent per day for 2
household of 5.0 adult equivaients. [A11 figures used are more or
less consistent with the data for the lowest expenditure group in
Tables 3 through 5.]

~ Returring to the bordered Hessian matrix above, note that the

four by four matrix formed by the first four rows and columns can be
written as the sum of three separate matrices each inyolving only the
bulk, variety, or taste second derivative terms. Each of these three
four by four matrices, [B], [Vl, and [T], is symetrical about the
diagonal {[T] bas non-zero values only along the diagonal). {B] and
[¥] can be rewritten by factoring out ~ P and Vy; such that the
resulting matrices are *normalized* aboul the first element in the
first row as shown below. Given the assumptions about prices, quanti-

ties, and calorie conversion rates given above, the values in the

matrices can now be filled in (only the dizgonal and above are shown
beiow to make it easier to discuss the data which are filled in; since

the matrices are symmetrical it would be redundant to fill in the

 matrices below the diagonal).
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L5 S UM tim as tu prices,* quantities, mariu m&mmfm ]
. rates, and adult equivalents for a hypatheticat demand
U system of four fomtse and one non-food

V : 'Cﬂnriul
Quan tit.v Calories/ mmt Unit of

. pricel
7 Miw Kilogram (Kﬂwrm} mlagrm Share cummw

Corm %06 208 3,600 - 3,600

Riee L3 03 360 2,70
CYeg/Fruits. 150 050 S0 333
‘Wt 125 625 2,100 2
© Mon-Food . | 030

Ratio of nusber of household mesbers/adult equivalents = 1.4.

* Prices normalized on corn.



S ~18-

S Aot Ny -0.018 -0.081

[ 100 100 -1133 -1.13]
1.00 -1.133 -1.133)
3.266  3.266)
3.266]

G D= K01 = wiawt® |

i

Note that Kp and ky are both positive (bq is hypothesized to
negative while all other "factored-out™ parameters are positive).

From the derivations of (15) and (157), we may substitute A for wy,

By for wy, and @y for By(2bz) to obtain (167) and (177):

{167) [8] = @pA(~zyz1}[B}
a77) ¥ = AT
Assuming that (15°) has been estimated, the only remaining unknown in
(167) and (17°) is A which needs to be ideatified before the elements
for [B] and [V] can be filled in. It turns out that the choice of a
value for A {5 arbitrary and does not affect the elasticity estimates.
This result is shown Jater in section II.3 of the paper.

Turning now to the derivation of [T], Tet f!ﬁtwtwﬁﬁtﬁ,, {T] may
be written as follows: ) '

(2 o g i
0 ~(wa/we)[1/(a2)?1 O 0
° 0 ~fmafm)/a)?l 0 |
¢ o -(wea/ug )1/ (042 |

(18) [T1=K¢LTIowey |

or
(18") [T] = Pggall]
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-estimation of (1
;;‘Hm solution of (1&} for nﬁ, Morsover, by rn-m;;wﬂm (%2} for

{1&) it turns out ﬁm there is already almost enough fmm-*
Hron e £1{1 in [T1. To repeat (15) for the first food tem:
(1) pp o= BBy F BTy R BT
| = Bylbozy + 2b3dzy) + By(-M/T2) + wu(-m;)
Apast 'foom what it is _alresdy necessary to know to 111 in [B] amﬁ {\I]
(specifically @y and p¥3 the only additional unknown necessary for
solving (19} For We1. 13 Ppbp (which is & in (157)).

However, an alternative method is to exogendusly :mifx the
ratio baf2bs, the point at which marginal utiiity f

froxs bulk becomes
negative, whers there is actual physical discomfart from eating more
food. Letting gf%g‘-‘ﬁ {s< m S may be obtained ;
Ppby way be solved for using ag. vis, in tuen,

 from 3;/3; from

vods 2, 3, and 4, a1l three unknown m:ias inside af [fin

- mm for, specifically wpo/wpq, Wpa/wpy, andowpg/wpy.

Brisfly smﬂzim. given estimates of ‘i, Py, and S, all the
ﬂmm in (8], [V], and [T] may ba filled in. '{Ku only remaining
gukggm elemant in the :mmm im;im mtrix of second derivatives
% 55+

To dmmy an estimate for Nfgs (2&) { {21) below give expres~

~ sions for tha income elasticity for the mm-food good and for X, which

can be derived from the barﬁnmt ‘imsim of momt derivatives as
shewm bn”'mm* ;

(20) W e [ i
o W Inf
¥ - O ¥
X aY A D
where:

Dgs = the cofactor of the elemant in the sixth row and
 fifth column of the bordered Hessian (the negative
of the determinant of this element),

Dgg = the cofactor of the element in the sixth row and
" sixth column of the bordersd Hessian (the
dsterminant of this elsment),

D = the determinant of the entire bordered Hessian.



‘Iﬂz‘aﬂ )
i

Let
first fwﬂi m m four coligns in the bor  Hessian, Dividing
V(mf ,hg, {21}, ex iﬂ?% 5 by the elements in the fifth row, and
E?

ng Dgg by the ts in the Fifth calum gives (22):
= "”Fﬁfia&#%):
Wt WFg5[0gql!

{22)

? ’ :i’
) % “

fnf = the incoms elasticity for non-foods,

w = Frisch's flexibility of the marginal
- utility of ‘income, or mmy ﬂcxibﬂﬁy,

, ”6& = ~{-PurlOasl)
Y a

Dgs = Ness[0gal = . -

‘Solving (22) for ﬂ*f"s,g gives (23):

“nf ‘hf

nously specifying a value for the ratio, w/n, ong !!Fg,n is
agmm and the entire bordered Hessian matrix of sec

tives can be filled in (again recall that the choice of A is rébit’-
rary; see Section I11.3).

11.2. Relationship to Frisch Linear Expenditure System

it is instructive at this paint to use (23) to relate the ;:arr.&-ﬂ
walar demand system as represented in (1) to a deeund system which is
well km,in the Titerature, wmiﬂmﬂy where utility of all indi-
vidunl goods is strongly separable, or additive, an assumption which
the Frisch m&aim employs. (1) essentially reduces o this system
for w3, w=0, and where no explicit funcvion for U ﬁ'm ma‘mcd as
in (6}. mf., "an dizgonal elements in the bordered Hessian of nd
me:’i*m; are analagous to {23) and a1 other elements are zcm
*a%:w’g of course for the price borders along the last row and Tast
Coromn) .

Under the assusption of strung separability, from (23), ths com-
plete bordered Hessiay van te 7illed in given income almtinitﬂs for
m goods, and estimates of w and A. A may be identified from (24)
{see Henderson :md Quandt, p.36]:

9‘“‘ signate the deterninant of the matrix forwes (w the
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A computational Mg&rim for %Mﬁfxiw X would be to arbitrarily
specify a range of values for A, to compute & series of demand elas~
ticity watricies implisd by w; range of values for X, and then to
select that particular demand matrix which contains the w'timhr
wm-price or tross-price elasticity which is exogenously specified,
 This yields the familiar result that given incoes ﬂaﬁiﬁﬁw %’w all
- goods, one price elasticity, and an wztaimm of W, m demand elas~
ticitias can be identitied.

' The desand system {"w fmﬁ) mwum in this paper, M
differs from tzw Frisch assusptions i that (1) axpmmm for bulk
and variaty are added to the utitity function and {2) expiicit func-
tions are proposed for Uy, Uy, and Upj. = What advantage is Tost in
i:h; ense of g2 - y wmsim explicit functions for Uy,
and Upg, is t;mﬂmf for by the ability to derive an mﬂicgt ence
tion for {15). This not only gives an estimating eguation (15°) for
deriving parssetar estismates to ‘idanﬁif,v the demand systew, but more
fmportantiy (1} greatly reduces the number of paramaters which nesd to
igimgiagm smw {:&a}* and {2} drops the assumption of sﬁma separ-
ity

ﬁﬁi*

11.3. The Effect of A

Income and price slasticity estimates do depen t do no
depend on >, To show this, A has besn factored out of £16 )% (17 T"
{187}, md {23), hdim:mg that all terms in the bordered Hessian,
with the exception of the price borders in the Tast row and the last
:ﬂxm, arg sultiplied by 2. Multiplying X by an arbitrary constant

k, then, has the effect of changing the value of the determinent of
the sntire bordered Hessian, D, by a factor ¢f k to the power of the
nmhw of foods in the demand system,

To show this for our system of four foods, expanding by the fifth
csﬂm and then Fifth row, T may be written as in (25):

= ps¥10gl

X = designates any eloment in the first four
rows or volumns of the boraered Hessian,
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[D4%] = the determinant of the slements in the
- First four rows and coluens aag the bor-
dered Hessian (from which a 2% term way

Further expansion of the determinant in the first term in (25) by the
Tast row and last column gives the sum of sixteen terms. Each of
these tarms invalves the determinant of a thres by thres satrix of :
"5 multiplied by price tarms (frow which a A7 term way be factorsd
out}. Since NFgg is & 1inear function of A, multipling Abyas
arbitrary factor k, sultipiies both the first snd second term in (257

by & factor of k raised to the fourth powsr. This means that the

~denominator of both terms in (24) s raised by k o the fourth powsr.

 The mmwrator in the second term of (24} would aiso be raised by

~ k to the fourth power, as shown alrsady by the mumerator of (22) which
wae derived from the expression in {20). Turning to the nuserator of

 the first term i (24):

Further expansion of the determinant in the first term in (26) by the
last row and last column gives the sus of nine terms. Euch of these
ferps involves the determinant of a two by two matrix of "'s" sultip~
e Yied by price terms (from which 2 A2 term may be factored out. Since
b NFgs is a Jinear function of &, multiplying A by an abritrary factor

1 k, multipiies both the first and second term in (26) by a factor of k

: raised to the third power. This, in turn, means that the numerator:-
and denominators of both terms in {24) are raised by a factor of k to
the fourth power, which cancel each other out. The result is fnvar-
fant with the rumber of fouds in the demand matrix and with the value
of k. Thus, demand elasticities are wot a function of A.

To sussarize, given only four values, &, (a linear function of
the shadow price fir bulk, specifically gbzbs), pz {the shadow price
for varisty), § (the point at which bulk has disutility, or bp/2by =
ay/35), and wnﬁg; the entire matrix of demand elasticities may be
eastimated for n foods., Three of these valuss can be estimated from
(15"}, The fourth value, W/n,s, may be obtained from direct estimates
of W and ngy. '




- iLA&. An Algorithm for Solving the Model

Since none of ifese four values are commonly estimated parameters
(e say the least), a preferable alternative may be to substitute from
one to viur incume or price elasticities for any or all of the four
values just listed. That is, any combination of four out of a total
of (n*1) times (n+2) demand elasticites plus the four valuss, 33, Py,
'S, and w/n,s may be selected to jdentify not only the entire demand
syﬁeﬂ; b::‘% these four additional utility function purvameter values as

_ Various combinations of arbitrary values may be specified for &,
Py, S, and w/nng, and various demand matrices computed, until the
‘uni'que demand matrix is found which contains all of the four exogen-
ously specified price and income elasticities. To assist in an order~
1y search for the particular combination of 85, By, S, and w/r;gg,, S
- which will give the four exogenously specified elasticities, (30) is
~developed below. First, rewrite (25) (which gives an expression for
thg, g,'?teminant of the bordered Hessian) as (26) using a different
notation. o

(21) D = NFs5lDs5] - 5P|0syl

- where Dgg and Daq are values of a five by five and a four
o by four determinant, respectively. ‘

~ To compute the ipcome elaticity for any food, say for i:héf first
food, a value needs to be obtained for the co-factor for the Tast

element in the first row of the bordered llessian:

0 -py |
o -2 |
0.0 |
8 negs 0" |

132 il’li ;‘%.4 "g%
o I X2 xz3 Xpg P2 |
= NFss| x3p X33 X34 -p3 | = WFssiDigl
, | Xa2 %43 X44 “P4 |

By ah_.aia'gy-, for the next or second fosd, (29) may be written:

(29)  Dgp = ~NFgs|Dag}

The equivalent expression for the non-food income elasticity has
already been derived and is given in the numerator of (22) above.
Note that the ratio of any two food income elasticities does not in-
volve W/n,¢; that is, the NFss term is absent, as shown in (30):

(28 Dg =

»
2]
n
b
%)

£ 4N ]
Lo
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~ The first step in the lomputational algorithm would be to arbi-
trarily select the Jowest value for S (by/2bz) within a feasible range
{which then can than be jncramented in 'd%scmté! steps as the procass
to be described below is repeated several times). Second, three foed
income eiasticities out of the total of fouy elasticities are selected
- whick give two ratios, ag expressed on the left-hand side of (30).

Third, a “sub-algorithm,” so to speak, is set up which, for 2
given S, determines ths unique values for 3y and f, which give the
the two ratios selectad in step two. This sub-algorithm would invelve
arbitrarily specifying a value say for a5, and then stepping through a
sevies of values for Py, (the three values §, 3y, and P, are substitu-
ted for the three unknowns on the right-hand ‘s'fde of (30)) until one
ratio is obtained exactly. This also gives a computed value for the
second ratio, which is most Tikely not the second ratic vzlue being
searched for. However, the diffarance between the value computed in
the first iteration and the targei value {for the second ratio) pru-
vides an indication of how to adjust 8, for a second iteration and so
on, until the correct values cf 33 and p, are found which give the

desired ratios.

_ Finally, in step four, the tnree values just identified for &y,
Py, and S, are substituled into che bordered Hessizan. Values for :%he
remaining unknown in the bordered Heseian, specifically w/nys, are B
steppead through and me.~ices of elasticities computed until thu matrix
containing the desived fourth evasticity found. This comgletes the
first iteration of the overnll algorithm and gives estisetes of the
four pre-specified elasticities, most 1ikely only one of which (the
fourth) matchas the four elasticities exogenously specified.

Return to step one. Increment S and repeat all steps. Contin-
uing to increment S within a feasible range will give several combina~
tions of estimates of the four elasticities, which overall (if the
proposed demand structure has any validity and assuming realistic
estimates of the four elasticities) should "bracket" th first three
elasticities above and below, with one combination bei.iy a close esti~
mate of all four exogenously specified elasticities.

The practical implication of the above analysis, which may be
generalized to a demand system of any number of foods and one non-
food, is that given:

1. househcld-level data on prices, quantities, and calorie
conversion rates for n foods, which include all sources of
calories for the household;
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daﬁa on tam non-food expenditures, number of hausnho}d
wesbers, and the ages and sex of these household members;

3. a priori knowledge of ary combination of four of the following
(nﬂ) times (n+2) p’ias four parameters:

(a) iy {a Tinear function of the shadow prim for bulk,
spacificaﬂy prba), :

(b) Py (the shadow price for variety),

- {c} S (the mint* at which bulk has disuﬁ'ﬂty, or
 bp/aby = 34)/3,

 (d) w/ngg (the ratio of the money flexibility over the income
: . elasticity for non-foods),

S (n} :‘ther» {n+l} by (MZ}: elxxticities in the demand matrix,

an entire matrix of dmnd ﬂasticities may be constructed which does
not depend on the assumption of additivity of utﬂity between foods in
the utility funcﬁon. ‘

11X R HYPOTHETICAL APPLICATION OF 1HE CHARACTERISTIC FND DEMAND
' SYSTEM: VARYING PARNMETER ESTIMATES TO INVESTIGATE m
PROPERTIES OF THE SYSTEM

To investigate some propertios of the characteristic fcod demand :
system proposed in this paper and to gain some intuitive insight into
hew various assumptions affect parameter estimates, a “base" set of
demand parameter estimates will be derived by assming hypothetical
values for @, Py, S, and W/ngs, and then varying these values one
at a time to see ‘ghe di recﬁon of and extent to which the base elasti-
cites change,

Table 7 gives the values assumed for 33, Py, 3, znd w/n,e for
the base demand slasticity matrix. These combineé with the data given
in Table 6 generate the three sets of demand matrices given in Tables
8, 9, 10 which show the observed {uncompensated) demand matrix elas~
ticity matrix, the compensated elasticity (utility constant; income
elasticities are not applicable) demand matrix, and the cnmpansated
aqéa;; (parameters not expressed in terms of percentage changes) demand
M 1 b O

Bafore proceeding, note that the four common restrictions derived
from ¢emand theory -- adding up, homogeneity, symmetry and negativity
-+ hold for these estimates. The calculations are not shown here, but
the bordered principal minors of the bordered Hessian alternate in
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Table 7--Base assumed values

*Calories expressed n onits of

- 0.650
) "“3:.0*’ :
Woge = ~1.0

i

TR

1,004: per adu‘it; ex»:.tﬁvalcnt per day.

' 'mu 3—-Bas« obscwed d~mand ehstie:iths

rnep;sndant »c_fur"n

VYariable

Price

“Frait/
hgtttb]a
_Price

Rico
Price

Meat

_P;ice

Non-Food

Price

Income

-.393
539
.057

Corn
~ Rice
Fre./veg.
HMezt ~

Non-foods

- .023
~086
~.996
~.121

157
-1.136
006
‘%»045
"~ .083 :

.062
002

=-.052

iv"lsai

.00
.000
.000
.000

~ -1.000

.086
572
496

1.842

Table 9--Base compensatad demand elasticities

:D«peﬂﬁenﬁ
Varisble

Corn
_Price

: T Fruit/
Rice Wgatab‘ie
Price

Price

Meat
Jrics

ﬂun-t"oad
aPrice

i
g:uits[vegatabl es

‘xon-foods

-.369

071
-060
-.584
.086
.051

~162
039
uﬂ"‘

.702
.198
.024

-109
.168
209

-.661

+335

.026
A7
+189
.405
-.447

Table 10--Base compensated 2q/cp demand parameters

Depandcﬁ*
Variable

Corn

‘ Frad 7
Rice Vegetable

Fpica  _Price

Price

Meat
- P!‘i ."-'&w, k:

Non-Food

_Price

e
Fruits/vegetables
Meat

Non~foods

-.767

-260
-.3 13
015
-068

.09
.015
-.198
014
.034

.260
.031

.031
.008
014
046

.024
.046
~.204




=27 - : Lo |

' {"“;19:1‘ with the first principal minor positive. _:T,hisgansums,af cons=
- trained maximization (see Chiang [1967], p. 360). Other values could.

have been chosen for the variables in Jable 8 which would not have 0

i satisfied negativity (the bordered principal minors of the bordered

Hessian do not alternate in sign or the first principal minor is not
positive). It was already pointed out above that the'bordered Hessian
matrix is symmetric. Adding up is assured by derivacidi..of the bor-

dered Hessian under a budget constraint. el
In Tables 11 through 14 below values for 3p, By, S, and w/nus

are varied one at a time to see how changes in %besee values are fre’faw»

ted to the magnitudes of the estimated demand elasticitina for various

foods. In reviewing these tables, keep in mind that anv combipation

of four income or own-price elasticities (in any particmia?

row) could =

~ be switckad with the assumed values for the pavameters <x the utility
function to give identical elasticity and parameter estimates.

~ Table 11 shows the effect of varying the shadow price for bulk on
the parameter estimates. In general, the higher is the shadow price
for bulk, the Tower are the income c¢lasticities for staples and the
tigher are the income elasticities for meats (or non-staples). Table

11 also shows that in general price-responsiveness goes down as the

bulk shadow price increases, as hypothesized earlier in the paper,
although price responsive increases for rice. - L

Table 12 shows that as the point of 'b:ii,k~§lisutﬂityr is increased
(for example for populations which are physically active because of

‘their occupations), income elasticities tend to increase for bulk- .

intensive foods such as rice and corn. Income elasticities decline
for foods which provide variety in the diet. R oy

Table 13 shows that increasing the variety shadow price has the
opposite effect from increasing the bulk shadow price on income and
price slasticities for corn -~ elasticities increase. For foods that
add variety to the diet at Tow cost, income and price responsiveness
go down. The strong desire for variety constrains the reactions to
changes in the price of the low-variety-cost good.

- Table 14 shows that price-responsive of foods is Tittle effected
by varfation in w/nng. However, income elasticities for all foods,
and income and price-responsive for the non-food good are extrewely

‘sensitive to this parameter.

Reviewing the overall pattern of elasticity estimates in Tables
11 through 14, elasticity estimates in generai, but especiaily for

~corn, are sensitive to assumed values for @y, Py, S, and w/nps. This

is in one sense encouraging, and in another sense discouraging. It is
encouraging in that the proposed demand system can accomodate a wide
range of parameter estimates which are consistent with the four
general restrictions imposed by demand theory. Such generality, how-
ever, comes with a price. Apparently, fairly precise estimates of
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Table 11--Effect of varying the shadow prive for bulk (fp2b3)*

; e Income Elasticities
Masamption o otetn . Rice Vegstables  Must . Non-Food

Pp2bs = -0.050 0.47  0.73 0.17 1.20  1.68
Py2b3 =-0.075 0,21  0.89  0.40 132 178
Bpeby = -0.100(B)  0.08  0.57  0.50 1.35 1.84
Pyp2by = -0.125 0.02  0.60  0.55 1.34 1.89

Py2b3 = -0.150  -0,02  0.66  0.58  1.26  1.97
ARG e R, ~Own-Price Elasticities
Assumption  Corn  Rice Vegetables Meat Non-Food

éb%:iz ~0'05° "0;75 ”0997 ’nw‘;a ‘ -1.04 "1«00
Preby = =0.075 -0.49  -1.03  -0.67 ~1.02  ~-1.00

Pp2by = ~0.100(B)  -0.39  -1.14  -0.65 280  -1.00

PBp2by = -0.125  -0.35  -1.27  -0.62  -0.36  ~1.00
Pheby = -0.150  -0.33  -1.41  -0.58  -0.89  ~1.00

* ﬁ,b? varies directly with pp2bs (S is constant), so that the first
derivative of bulk increases as the absolute value of -py2bgy in-
g«ms, in the range where the marginal utility of bulk is posi-

Table 12--Effect of varying the point of bulk disutility (by/2b3)

Tncome Elasticities

Asswmption __ Corn __ Rice Vegetables Meat MNon-Food

ba/2by = 2.5 008 048 050 140 182

bp/2by= -3.0(8) 0.09 057 050 135 1.8

bp/2by = =3.5 0.11 a.70 0.48 1.22 1.91

ba/2by = -4.0 0.36 0,54  0.32 0.56 2.30
T Own-Price Elasticities

Assumption _ Corn  Rice Vegetables Meat  Non-Food

bp/2by = -2.0 ~  -0.32  -0.79  -0.06  -1.03  -1.00
by/2b3 = -3.0(8) -0.33  -1.14 -0.65 ~-1.00  ~-1.00
bp/2b3 = =3.5 -0.46  -1.39  -0.60  -0.90  -1.00

/2ty = -4.0 -0.48  -0.93 -0.29  ~0.40  ~1.00
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Table 13--Effect of varying the shadow price for varfaty (ﬁ,,}
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Table iq'iwﬁffmﬂ of varying the ratio of the money Viexibility
over the income slasticity for non-foods (w/npe)

Asswption  Corn  Rice Vegstabies Meat  Hon-Food

winge = ~2.00 0.06 0.37 0.3Y 0.87 2.37

Oen-Price Elasticities

Wne = ~1.00(B) -0.39  -1.14 -0.65 -1.00 -1.00
wing = =2.00 0.3 -1.13  -0.63 <09  -1.29
wigs = -3.00  -0.38  -1.12  -0.63  -0.95  ~-1.43
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i%,. Pys S, and wnpe ave nesded to obtain precise sstimatas for all.
afements in the demand matrix, :

In niqcﬁny which income or price elasticities to specify (esti-
wate} exogencusly, the best approach would appear to be to choose

it

parameters for goods with high budget shzres (corn and non-foods using

our hypothetical data set) and which aré zensitive to the utility
function parameter which needs to be identified, those which “drive®
the consumption decision. For example, one would want to identify
Py by & priori specification of the income elasticity of fruits and
_yegetables, rather than the income elasticities of meat or rice. The
w4ethodology is flexible enough that depending on data availability and
estimates available from other studies, one may choose to excgenously
specify a certain parameter which one has scpe confidence in, say the
non-food income slasticity, and not to choose to estimate another
parameter, say'the woney flexibility. :

 Finally, the wide range of elasticities produced in Tables 11
through 14 and the expactation that shadow prices for the various
characteristics will vary by income group, demonstrate that the pro-
posed framework can account both for a pattern of declining elastici-
ties (in absolute value) as income increases, and a pattern of first
increasing and then decreasing elasticities as income increases.

IV. MM APPLICATION USING PUBLISHED INFORMATION
" FROM A NATIOMMIDE WUTRITION SURVEY

IV.1. Deriving the Food Demand Matrices

 This methodology (& food demand model based on demand for charac-
teristics) is applied here to published data from the 1978 Philippine
natiommide nutrition survey, to derive food demand elasticity esti«
wmates for urban and rural populations.® Table 15 presents data on

- per capita consumption for 17 food groups, average price paid per kilo
for each of these 17 food groups, and averzge household size and
number of aduit equivalents, disaggregated by urban and rural popula-
tions. Also provided in Table 15 are kilogram-to-calorie conversion
rates {which are available for the surveywide data, but not broken
down by urban and rural groups), and nonfood budget shares which are
not taken from the FNRI surveys, but are suggested by other nationwide
expenditure surveys (NEDA 1985).

A fiml requirement for appiication of the methodology is pre-
specification of forr price and 1.come elasticities, one set of elas-
ticities for the urban food demand matrix and a separate set of elas-
ticities for the rural food demand matrix. Unfortunately, no direct
estimates are available from other studies, specifically for urban and
rural populations. However, severyl demand estimates are available
for rice and corn (see Bennagen 1982 for a survey of food demand elas-
ticities for the Philippines), which are disaggregated by region and



Wﬂc 15-m capita nm&mgim Tevels, ulavi» conversion rates, prices wﬁd for various food
groups, housshold size, adult aquivalents, and food budgat sha
muhﬁm& for the Phiﬂppima, 1978

iz - 7%

by urben and rursl

Aggregation *maﬂ“
regs
‘ f*m m mugery Kilogru
tm'n im l:um 3,608
Milisd rice  Rice 3,452
m ceresl products Uther cereals - 3,350
Fish 2

, ﬁut and pou r¥ Heat 2,153
Green ! mfy/yut ow vegetables  Fruits/vegetables 265
Vitemin C rich foods Fruits/vegetables 307
Other fruits acd vegetebles  Fruita/vegstables 332
Rice products A1l others 1,808
Corn pradocts ALY qthcr: 1.875
Starchy roots/tubers A1) others 1,073
Sugars ond BYrups A1] others 2,872
hm and oily AlY othsrs 5,800
ﬁ‘ A1l others 1,353
Milk snd milk products A} others 2,843
Dcied beans/nuts/seeds AY1 others 2,48%
Hiscellanaous AVY otMm 601
mm mmacmm
Tios Price Calori Frice~ Kiler Price Ca ur es Food  Price
Food Per - Per .  Per Budgot Per 1000  Per Budget Per 1000
mm Week  Kila®  Rilo shgn Caiurin Heek Iﬁ w :‘man Calortes
tﬁm .33 106 3,608 000 0,29 0.34 3,608 .03 0,26
Rice 1.7% 128 3;’452 0,13 0.36 226 3,452 0.28% Q.36
mhw carenls 0.27 341 3,350 0.05 .02 0.08 3,350 .03 123
Fish 8.8 373 6?2 0.98 5.6% 0.67 6972 0,20 5.09
Heat 0.7 T35 2,153 0,16 3,37 0.15 6 2,153 0,09 3,18
Frults/vegetables 1,79 157 319 0.16 &,92 1.7%  1.33 337 0.20 %20
~AYY others 1,37 3,93 2,531 o.M 1.5  0.95 2,042 0,22 1.3
Fm hudgst :ham
out of total, u
axpeedituren” 0.45 .55
Household size B4 6.3
Muylt squivatlents o .
housshold 5.09 4,92

* Prices are normaiized on & corn price of P1.70 per kilo.

t share out of total espenditures are taken From NEDA (1984); otherwise all other
- dats sre found in PURT {1881).

¥ food



incone gvm\mmim suggest that Tow-income groups are more price- |
responsive %@ﬂ high-income groups. ‘ '
i

 Mational aggregate estimates of -0.6, 0.1, and -0.4 for the own-

price slasti [tg of rice, the incoms wlasticity of rice, and the
stizity of corn were obtained by Bouis (1382), using quar-

terly house Té food expenditure surveys coaducted by the Ministry of
Agriculture.  Urban and rural elasticity estimates are waighted aver-
ages of thesy national aggregate estimates, and it can be presumed
that the Jowdr incowe rural housgholds are more price responsive than
~yrban households, Thus, rural elasticities are greater (in sbsolute
iﬂm}; %&a “Uhe national aggregate astimate, and urban elasticitics
are smaller. L

Experiments were run with various sets of urban and rural esti~
mates, which bracketed these national base estimates.® Table 16 gives
the set of estimates which were eventually selected for simulation.
Nonfood expenditure elasticities of 1.49 and 1.61, for urban and rural
groups, vespectively, shown in Table 16, are consistent with anm esti-
mate of 1.50 obtained by Canlas {undated) for the country as a whole,
and correspond to food expenditure elasticities of 0.40 and 0.50, for
urban and rural groups, respsctively.

~ Application of the sharacteristic food demand wethodoTogy using
~the data contained in Tables 15 and 16 give the demand elasticity
matrices shown in Table 27 for an aggregation of seven food groups and

. Examining the two desand matrices, note the tendency for tha
higher-priced foods such as meats (for nonstaples) and other cersais
{for staples) to have the highest income elasticities, and for these
income elasticities to be higher for the {lowir income} rural group
than for the (higher incoms) urban group. The mode] structure ensires
that the estimates conform to the four standard restrictions of demand
theory: (1) adding up, (2} homogeneity, (3) symmetry, and (4) negati~
vity, which, amony other things, means that the cross-price elastici-
ties of ¥ high budget proportion ites such as rice will tend to be
higher {in absolute value) than the cross~price slasticities of items
with » Tower budgot proportion.

Iv.2. Simulating Reactions to Changes in Prices and Income

1¥.2.1. Urban price changes

Haw well do these elasticity sstimates "predict® actual consump-
tion Tevels which were surveyed in 19827 To answer this, changes in
~ prices and incomes for the period 1978~1982 were appiied to the
derived domand mutrices. The published summary of the 1982 i.lrition
 survey does not raport prices paid for various foods, as does the 1978




Fable 18--Price and Incoms elasticities specifisd g priori for
appiication of charicteriatic demand methodology
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. veport, so that consuser price indices compiled by the

: Table 18 shows that real rice and corn prices fell substantially,
by about 20 percent over the four-year period. Real nonfuod prices
incraxsed by 9 percept, while real meat prices declined by 9 parcent.
These price changes were applied to the urban dewand elasticities.
Derivation of price changes for the rural population and of income
changes for both the urban and rural popubations is somewhat involved
and is discussed in Appendix B. It is concluded that urban incomes.
zm hyhgﬁ gg;r the period from 1978 to 1982 while rural incomes
increcsed by 10%. o e N :

1V.2.2. Comparing Predicted and Observed Changes in Food
- Consumption

~ Given the derived demand mateices and the changes in prices and
facomes just discussed, 1t is now possiblu to predict 1982 consumption
Tavels and to compars these predicted walues with the consumption
Tevels taat were actually surveyed, as 2 way of tasting the validity
of the methodology used to derive the dewand matrices, in conjunction
with the assumptions made us to the changes in prices and incomes
facing urban and rural consumers. A comparison of the predicted and
cbserved values is presented in Table 19.

The model disfiinguishes quite woll betwesn an incrsase in rice
consumption for the urban group and & decrease in rice consumption fo
the rural group. Similarly for "other cereals” (primarily wheat-based
products}), the wodel corractly predicts no change for the rural group
{despite a hefty price increase) and 2 decrease in consumption for
the urban group. Thé only instance whers the wodei performs poorly is
that it fails to preuict a small decreasa in corn consumption for the
urban group, which results in a small overestimate in the overall
change in calories consumed from cereals for the urban group.

‘Despite a substantial fall in cereal prices, urban consumers do
not increase overall cersal consumption, but reveal a strong prefer~
ence for noncereal items in the diet which tend to be more expensive
calorie sources. Rural consusers decrsase cereal consumption as
cereal prices fall, not because incomes go down (incomes are assumed
ta increase), but apparently because of decreased subsistence cerzal
production, the consequent rize in cost implicit in greater dependence
~on food purchases in the market (paying retail instead of wholesale
prices in terms of the characterization presented in Appendix 8), and
higher input costs.

 The model successfully distinguishes between the Targe increase
iz calories for the rural group for the catch-all category of “all
other noncereals,” and the much smaller decrease for that category for
the urban group. In general, the model does well in predicting rather
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. Table 1§-$;;§e1;gg incoms changes for urban and rural population in the Philippines,

E‘r‘i&e

Andex RN omputed »d Price mﬂex for T
_ . For 1982 .Percasltage 1982 Auuninq a 5 Percent  Percentage
Gre . ' (19764100) ¢h nge increase in Corul Prices Change
AMY Stems ek 176.0
Nonfoods 183.1 +8.7 183.1 .0
Corn 137&5’ “18-‘! 18"0& *Sbn
Rice 132.0 »21.7 1848 +5,0
-~ Pther Cﬂrﬁ‘}b 198.1 *17.6 198.1 +12.8
nsh 176.,0 +.5 176.0 0.0
Meat. 156.3 -9,3 156.3 “11.2
Fruitslveggubh; 170.0 1.5 170.0 =3,5
Hiscc“anequs foods 157.3 ~6‘5 1573 “11,7
> ‘Vear« , :
oSt e —_— Parcentago
1975 1876 1878 1980 1982 -Period« Changa
Gross national : ; o ;
.p!'ﬁductf‘ 68.5 73.0 83.1 g92.6 98.7 1978-82 -18.8
Agriculture 18.2 197 216 239 254  1978-B2 17.4
industrj 22.7 2%.9 29,6 33.5 35.8 1978-82 21.0
Serﬁicas 27.5 28.4 31,6 355 37.3 1978~82 20.90
Total poputation®  #2.1 434 45.8  #8.1 - 1976-80 10.8
YUrban 14.0 14,9 16.% 17.9 - 1976~80 20,7
Rural 28,0 28.5 29.4 30.% W 1976-80 5.7
Wages
yrben (nominal}¥ 125 132 w158 -
Rural (nominal) 7.5 9.0 10.1 11.7 13.9
Yrbas tmm, 72.9 723 68.3 53.4 - 1978-80 =21.2
Fuml {real) 119.3 135.7 131'.1' 109,2 103.2 1.91&—*!82 ~21‘,3

Cunsumr price indinas for February 1982, natinna‘! level, Bureay of Census and

Statistics.

+ BiNlions of constant 1372 pesos, 1984 Philippine Statistical Yearbook, Table 3,10,

NEDA. (1984},

¥ uillions of people, 1984 Phitippine Statistical Yearbook, Table 1.3, NEDA (1984),
§ pesas per day, Central Bank of the Philippines.
Fesas per day, Table S, p. HI.17, Agenda for Action for the Philippine Rural Sector, .

PIDS (1987).

1 {ndex where 1972=100, money wage rate deflated by consumer price index,
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Table 19--Chserved and prudicted changes in calorie i‘nt‘akn; .b{xaggmgﬁta food
: groups and for 411 foods for urban and rurel populations, in the
Philippines, 1978-1382 , '

Simulation Other Cereais

Arban-chaarved 48,3 ~25.% ~26.8
Ut'hm-'ﬂm‘lateﬁ ©7.8 -0,2 29k

Rural-observed il ~14.4 9.0
Rural~simulated ~39.% =15.,3 1.1

Sirulation

Urban-ohiserved 2.7 1 ; :
Urban-similated - 4 7.1 =1.,9 5.7

Rurai-observed 1.4 15.1 8,6 56,3
Rural-simulated %5 10.2 . 13 63.1

Group 1978
Philippines-reported 1,804 1,808
Philippines-using 1978 calorie > '

, 1,804 1,837

conversion rates
Urban=reported , , 1,872 1,831
Urbar=using 1978 calorie ,
conversion rates ; 1,865 1,857

Rural-reported , 1,769 15737
Rural-using 1978 caloris )
conversion rates 1,795 1,820

&
0 n

‘ : g i ‘ rie ‘ ‘
Simulation Estimated Observed Income Changa ~  Constant incoms

Urban-ocbserved #12
Urban-simulated 21.5 45,9

Rural~observed +35
Rural-simalated 23,3 -74,9

*an changes in calgrie consumption sire calculated using 1978 calorie
conversion rates as reported for the total nationa) sample.
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small calorie changes for the resaining three food ‘qr;supsy,..mth; the

- glaring exception of the meat group for urban residents.

~ There {is some tendency for the mode] to understate preferences
for Vish and meat: and to overstate prefarences for fruits and vege~
tables and for all other roncereals. Damand behavier for meats in-
particular is driven by demand behavior of higher income groups so
that the uneven distribution of the changs in income (discussed in
Appendix B} can account for this discrepancy. Table 20 indicates that
the households in the highest 20 percent of the income distributios
eat about half of the meat consumed in the Philippines, and that about
three-fourths of the increase in meat consumption between 1978 and

1982 was accounted for by the upper one-third of the income distribu~

tion. This only sorves to underscore the potential pitfalls of

examining demand changes and their nutritional consequences at sucii an
aggregate Tevel as has been undertaken here, thus emphasizing the
desirability of disaggregating by occupation group (especially for the

rural pgpu.‘xat'i’m) and by income group.

~ The model does quite well in predicting the relatively small
changes in total calorie intakes that were observed between 1978 and
1982 for both the urban and rural groups. In the case of the rural
group, the model did a reasonably good job of predicting changes in

“the consumption levels of each of the seven food groups, so that it

was a foregone conclusion that predicted and observed change in total
calories would be similar. In the case of the urban group, however,

overestimates of calories consumed from corn and all other noncereais

and an underestimate of calories consumed from moat natted out to give
an accurate projection of total change in calories. This i3 not just
coincidence, but because total calorie intake (bulk) is included as an
expil;cit argument in the utility function used to derive the demand

‘To obtain estimates of the elasticities of calorie intakes with
respect to income implicit in the demand matrices presented in Table
15, total calorie intakes wer. re-estimated assuming no change in
income. For the urban group, for a 7.5 percent increase in income,
the change in calorie intakes went from +27.5 to +45.9 (ses Table 19),
or percentage increase of 1.0 percent (18 divided by 1,857). OSividing
1.0 percent by 7.5 percent gives an elasticity of 0.i3. For the rural
group, for a 10 percent decrease in income, the change in caloris
intakes went from +23,3 to -24.9, or a percentage decrease of 2.5
percent (-48 divided by 1,820). Dividing -2.6 percent by -10.0 per-
cent gives an elasticity of 0.26.

The elasticity is higher for rural groups for two reasons.
First, ceteris paribus, rural incomes are Tower and calorie intakes
Tower €0 that the marginal utility from increases in bulk is higher.

~Second, activity levels of rura}l households can be expected to be

higher than those of urban households. Even if calerie intakes for



Table 20--Heat consumption levels, by approximate income quintile, for the
Philippines, 1878 &rd 1982

Approx~  Absolute Percentage Cumulative Percentage Meat Consusption
imate of Total Sample Qf Totsl Sample in Crams Per Day
‘Quintile 1978 1982 1978 1982 1978 1982

Change

1 22 a4 2.2 15.1 s 45
2 23,3 2.7 ¥4.5 36.8 19 20 +
3 24,1 28.0 68.6 64,8 27 35 48
4 134 19.3 82.0 8%.1 38 55 | 17

Source: FHRI (198% and 1984).
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urban and rural populations were equal, ﬂz“-gi;iﬁ utility from in-

creases in bulk would still be higher for rural gioups.

V. CONCLUSION '
A demand for characteristics approach has been used in this paper

to explain food acquisition behavior, in particular demand for bulk to
alleviate hunger, demand for variety in the diet, and demand for

‘tastes inherent in particylar goods. The analysis has shown that such
a framework can be used o @xplain why, in most empirical studies in

the iiterature, low income groups have demonstrated a greater price-
pesponsiveness to changes in food prices than high income groups in
Tess developed countries. This framework can also accoun: for the
Tess frequently observed phenomenon of highest price elasticities for
middle income groups Tor some foods. g :

~ Bulk and variety enter the utility function in such a way that
utility from consumption of any one food depends on the level of
consumption of all other foods. This avoids an assumption of strong
or weak separahility among food groups, which underlies cxisting
Tinear expenditure systems and which is inappropriate for estimating a
highly disaggregate Tood demand matrix necessary for'many types of

~ policy analysis.

By specifying an explicit functional form for these characteris-
tics in the utility function, it turns cut that the entire matrix of
orice and income elasticities can be derived for a system of n foods
and-one-nonfood good from prior knowledge of just four elasticities in
the (n+1) by {n+2) matrix of price ard income elasticities. This
methodology, then, provides a means for computing food demand matrices
with data which is often available in published form, which has the
potential for substantially Towering the costs of policy analysis.

The demand system was 'app"md‘* to two Philippine data sets, pub-

Tished summaries of food consumption information from a nationwide
nutrition survey and a household food expenditure survey conducted in

a southern rural province. The model was found to generate demand
estimates which are similar to estimates obtained by other authors for
the Philippines using direct estimation techniques, and did a reason-
ably good job of “"predicting” observed changes in food consumption
between 1978 and 1982 for two nationwide samples.

A
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APPENDIX A: DEFINING VARIETY

 The first two issues to be resolved are (1) is variety a relative”
or an absolute concept? and (2) is variety monotonous and so subject
to diminishing marginal returns to utility?  The first question is
concerned with constructing an objective index of variety (V¥ in (1))
_ from housshold food vxpenditure data. The second question is con-
cerned with the function into which the index of uariety is to be

substituted (U, (V) in (13). A six,Je example will help 'to understand

b 7

these two 1ssues.

Suppose there ara only twa fools, cereals and meat, each a homo-
', geneocus good witiout quality differunces. Person A consumes one kilo
-of cereals and one-half kilo of meat and persen B consumes two kilos
~ of cereals and unz kilo of meat. Should A and B be assigned the same
~ index of variety {variety is relative} or should B be assigned a
higher index {variety is absclute)? Miny would perhaps say that A and
B have the same variety, but consider the example beiow.

Let A and B sit down together and each eat a meal of one kilo of
cereals and one-half kilo of meat. Howevar one measures variety, A
and B both enjoyed the same, ojectively measured amount of varigty at
that meal (even if they happen to vaiue it differently in their per-
sonal utility functions). Now let B eat his/her second kilo of |
cereals and ons-half kilo of meat while A watches. B enjoyed some
equal weasure of variety from this second plateful while A had none.
Tﬁt{&fgr: diet B not only has more variety, but twice as much variety
as.qaiet A, ; ,

~ How what about the marginal utility of the variety from this
second plateful? As economists, we know that the total marginal uti-
Tity from all three characteristics is less from the second plateful
than from the first plateful. The extra bulk has a declining marginal
utility as outlined in the paper. The intrinsic tastes of cereals and

~meat also have declining marginal utilities. These two characteris-
tics alune can account for the declining marginal utility of the
additional quantities of food (so that the marginal utility from
variety need not necessarily decline to preserve declining totat
marginal utility in the sense that it is usually perceived). Does the
utility from variety also decline? S

1% is possible to argue just the opposite, that enjoyment of a
particular characteristic may actually rise with increased consump-
tion. For example, in most instances watching the same movie the
second time is less enjoyable than the first viewing. However, cer-
tain aspects of the movie, such as the photography or the directing,
mhy b{: ‘gppmtiatsd‘ more the second time when one is not so involved in
the plot, ,
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Consider how much more enjoyable even a simple, usually tasteless
meal can be when one is unusuaily hungry, perhaps as enjoyable as a
normally delicious weal when, for whatever reason, we sit down to the
table with our hunger already satiated. It is at least plausible, -
then, that the marginal utility from the first “food units™ consumed
is relatively “bulk-intensive® (the proportion of total marginal

utility accounted for by bulk) and that the merging} utility from the

 Tast “food units” consumed is relatively more "variety-intensive®.

Without claiming to have resolved this ssue in any final way, in
~arder to proceed it is assumed in the paper that variety is a rolative
 concept, and that there is a neutral, linear relationship betwean’

at variety -is not monotonous).

(S

t:

MB(‘V.} and ¥, that there is not declining marginal utility .o varisty
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APPENDIX B

DERIVATION OF INDICES FOR PRICE CHANGES FOR RURAL PCPULATION
" AND FOR THCOME CHANGES FOR URBAN AND RURAL POPULATIONS

!

FTION AND JOINT PRODUCTION-CONSWPTION

" DECISIONS

_ The derivation of appropriate price indices for rural areas (that
is, changes in real prices’as viewad from the demand side) is much
more probiematic than for urban areas, since so much of what is con-~
sumed in rural areas is own-farm production and never marketed.
Production and consumption decisions, especially for the main staples,
~ rice and corn, are joint decisions, so that consumption levels depend,
' for example, on production input prices whizh do not appear in the
matrices in Table 15, but affect how vurai households evaluate the
relative costs of growing and consuming cereals from one’s own farm,
or buying staples in the market [see Singh, Squire, and Strauss 1986],
In this sense, it is unrealistic to attempt to separate out demand
side and supply side effects of food price changes, which is implicit
in the exercise being undertaken. Nevertheless, the goal here i3 to
determine the exiunt to which consumption behavior can be understoud

using simplifying assumptions.

A substantial number of rural households grow rice gndf corn both
for subsistence consumption and for sale in the market.® To the
extent that rural households can be charactarized as semisubsistence
producers of cereals, the price changes for rice and corn which would
ba appropriate for evaluating demand-side substitution effects should
reflect changes in the relative cost of growing cereals for subsis-
tence consumotion versus (s2y) growing export crops and buying staples
in the market. A powerful incentive to own-pruduction is that farmers
do not have to pay average marketing wmargins of about 25 percent for
cereals (see Bouis and Haddad 1988, Chapter 4), which comprise a high
_proportion of the total cost of food and nonfood items consumed by
the household. 7Thus, for example, even if a (nonedible) cash crop
were 20 percent more profitable to produce than rice, it would still
pay a farmer to grow rice up to a maximum of the expected level of
consumption of his family. Because of production variability and #
‘desire for food security, the household may produce more than its
subsistence neads. For various reasons including the need for cash,
even surplus producers may buy and sell rice in the same crop year,
and consume rice out of own consumption. '

As the price of rice falls and the actractiveness of rice produc-
~tion declines, farmers will, of course, take some land out of rice
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production, whizh.{to continue with the above example) will maan more
frequent market plrchases of rice for consumption needs. The ricy
price decline’ Teads to an unambigucus fall in income on the supply
side, But wiow does the farmer gvaluate the relative change in price
on the desand side? The retail price was higher bofove, but the

farmer grew more rice for own consumption, which was purchased at what,
~ might be thought of as wholesale prices. Retail prices are Tower now,

but mors is purchased at retail prices. The net effect at the margin
is that the rice price has not changed at all for the rice producer
qua corsumsr. Howsver, if the the rice price had remained constant
and input prices had risen instesd, there would have been an.unam-
‘hzﬁum rise in the relative cost of rice consumption on the demard
3 "V " B

~ The conclusion is that a 20 percent decline in the real cost of
cereals may well seriously misrepresent the actual relative price

- change for rural producers as consumers. Instead a modest five par-

cent increase in real cereal prices is assumed for rural residents,
whﬁ;ﬁ is rgflective of marginally increasing input costs for cereal
producers.’ , (o ST

Turning now to income changes for urban and rural populations, no
‘directly surveysd measure is available, so that it will be necessary

to derive approximations. Table 18 shows that real GNP increased by

slightly less than 19 percent over the four yoars from 1978 to 1982

and that this growth was more or less uniform across the three aggre-
gate sectors--agriculture, industry, and services. Agricultural
sector growth can serve as proxy for rural income growth, and growth
in industry and services as a proxy for urban income growth. The fact
that growth was so uniform across sectors makes this assumption less
restrictive. ' ,

These figures need to be corrected for pepulation growth. Popula-
tion censuses were taken in 1975 and 1980 which show that the overall
population increased by just over 14 percent during this five-year
period, but that the urban population grew much more rapidly than the
rurgl population (again, see Table 18). Taking the 1976-1980 gomcent-
age increases in urban and rural populations as a proxies for 1978-

1982, gives a 21 percent increase in urban population and a & percent

increase rural population, or a weighted average of just under 11
percent for the whole population. This would indicate that on a per
capita basis, real urbon incomes remained about constant, while per

capita real rural incomes increased by 12 percent, with the weighted

average being an 8 percent increase in real per capita incomes.
There is strong evidence that these changes in income within the

- urban and rural sectors was not equitably distributed, Table 18 shows

the nominal and rev. wage rates for urban and rural workers over



O

~44-

tine.8 Kote, first, that sominal wiges are wuch higher for the urbm
sector over the entire series than for the rural sector, which

consistent with rapid wigration to urban aveas indicated by tha p:mui-»
ation ﬁw given in Table 18, Second, and wost importantly, real

<W ,,“ both sectors decline quite wmipitmiy, by 22 percent for

grs from 1978 to 1980, and by 21 percent for rural workers

1 Third, real wage rates appear to have fallen
faster in urbay areas over the four year period from 1978 to 1982 than
in mm M“M, which i3 consistent with the lower per capita real
%mu ‘gironch m:q for urban areas wgmmt above,

‘If as apoears to be the cass, incd ,ns of Wr-incm qmm
increased, while incomes of Tow-income groups declined (or at best
*imrm&d substantially less than the incomes of upper-income groups),
applying the average income change to the demand matrices derived
previously wm result in an overestimation of total calories con-

. This is becuuse mmmﬂ propensities to buy food out of

'i -

~ jncrements in income and to buy calories out of incruments in food

axpsnditures, are Mgmr for Tow-income groups than for high—‘incm

sgrwpm ﬁvcrm« per capita changes in income were thus adjusted

ard to ~7.5 percent for urban arsas and to 10 mm&m; for roral
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1, At an intuitive evel, the demand system baing pmmm
appoals to some notion of an "individual’s preference structure. An
interesting and important but difficult extension of the model presen=
ted here would be to incorporate intra-household distribution nf food
into the utility fonction, What is being implicitly suzumed with
respecl’ to intra-household distribution, is that foods are baing

tocate in an sgalitarian ¥nshion. Mevertheless, with vespect to
demand for bulk, or household energy requirements, some account is :
taken of the aga/sex structure of the household by exprassing B in per
Qﬂdﬂ‘h mwnm terms vather than in per capita ‘qu What this
; wathes ,ti:m’t:;. m other tﬁim* is that when derivatives are
tQ* the change in per capita qﬂ,., the z¢ tarms (which convert
kil vﬁrm to m»:ﬁas .-in (41 and (5) nmi ta ba corrected for the
ratio of the number of house ‘“Ed mowbers divided by the number of
adult equivaients in the heuishold. Household-level data express
a per capits hasis are typically what are available for empirical
m“mﬁs,, and the wﬁim*ims prasented hm in ms mr are no
exception.

) 2 Weak uwrnhﬂity ‘is Tikewise an unnecessary msammm. The
lmn’im’i rate of substitution between rice and corn, for exmmple,
epends on Teval of consumption of non-staples.

d on

3 Ses Quisumbing (1987 and 19885 for demand estimates derived
from the FARI survey data through direct econometric estimation using
the household-level observations.

& The aggregate own-price elasticity of -0.6, uMch iz used as a
‘base hore, is higher than estimates obtained by other authors, which
tend to range from -0.2 to -0.4. Wotu also the negative income elas-
ticity far rice for the urban group. Application of the characteris-
tic demand system does not guarantee that any set of four prespecified
w“!ast:icitﬁs will be consistent with such restrictions as positive
shadow prices for bulk and variety, or utility wmaximization. A posi-
tive income elasticity for rice for thl urban data tended to violate
such restrictions. ‘

5 No breakduwn is available by urban and rural groups so that the
national aggregate consumer price index is used. Unfortunately, these
national aggragate figures are available only for a limited number of
aggregate foud groups so that, although it would have been technically
faasible to further disaggrégate the desand matrices shown in Table 17
into several other food groups, no information is available on price
changes for these more disaggregate groups.
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' 6 While Tandlessness is beconing an increasingly important pro
blem in the Philippines, a large majority of rural houssholds have

sccess to some land, so that the characterization which is described

in the text is not untypical. Data cited in Philippine Institute for

Development Studies (1987; Tuble 11, p.I1.19) for the bottom 30, .

cent of the mational income distribution (where representation (f ;
s ut access to land would be disproportionately high).show
that for rural occupations (farmer owners; farmer part-owners; farw
tenants; fisherman, Taborers, and velated workers; loggers and other
forestry workers; miners, quarrymen, and related workers), only 17
percent do not have access to Jand (that is, are not farm cwners,
part~-oeners, or tenants). i o
& random samole of houssholds in a predominantly rural southern
Philippine province (see Boujs snd Haddad 1968, Chaptar 3}, shows
that oniy 7 percent of households had no access to land, using these
same gccupation categories. Using all occupation categories (includ-
ing transportation related jobs, skilled workers, professionals, and
s0 on), only 26 percent of houssholds could not be categorized as
afther firm owner or farm tenant. Horeover, detailed surveys of &
stretifia] semple of farm owner and tenant households, showsd that all
househol/5 produced some rice or corn for subsistence consumption,
even thode that were predominantly engaged in non-cersal, cash crop
production. Some households that chavacterized themselves as landless
Taborers or as engaged in nonagricultural cccupations (included in the

26 percent landiess cited sbove), had small plots of land on which

‘they produced either rics or corn.
7 Nominal fertilizer prices rose fastsr than nominal rice prices,

8 The urban series was xinfnﬁmnamx discontinued after 1%0 ;
wl;mz tgg indicated trend became an embarrassment to the Harcos admi-
nistration. ‘ ‘

% Klternative simulations wyoe run, which assumed zero income
change for both urban and rural groups, so that the sensitivity of
predicted calorie consumption Tevels to these incoms grouth assump-
tions could be checked. These results are reported in Table 19,
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