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ABSTRACT
DETERMINANTS OF FOOD CONSUMPTION IN RURAL SIERRA

LEONE: ESTIMATION OF A HOUSEHOLD-FIRM MODEL WITH
APPLICATION OF THE QUADRATIC EXPENDITURE SYSTEM

By

John A. Strauss

This dissertation reports the derivation, specification and estimation
of a household-firm model. The model is block recursive. First pro-
duction decisions are made by maximizing short-run profits subject to
a production function. These output and variable input values are then
substituted into the budget constraint, which equates the sum of values
of excess supply of goods and of labor to zero. The household then
maximizes its utility subject to the budget constraint, and to a time
constraint equating total time available to leisure plus labor time.

The data used are household level cross-section data from rural
Sierra Leone. Price variation exists by region, permitting estimation of
price effects on consumption and on output supply and labor supply and
demand.

The household consumption-leisure choice component of the model
(with profits held fixed) is estimated using a Quadratic Expenditure
System with demographic variables. Seven commodities are used in the
system: five foods, nonfood and household labor supply. This involves
estimation of forty-two parameters by numerical maximum likelihood tech-
niques.

Attention is paid to whether random disturbances on the expenditure
system are distributed identically across households. They are found

not to be, and this is incorporated into the estimation procedure. Engel
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John A, Strauss
curves are found to be significantly nonlinear; with marginal total
expenditure on rice, the major staple, declining with higher total
expenditure. Most foods are found to be reasonably price responsive
with sizeable own price substitution effects, declining with higher
expenditure. Aggregate labor supply is found to be price inelastic.

A system of output supply and labor demand functions is estimated.
Six outputs are used, the same as used on the demand side. The produc-
tion function used to derive these equations is a Constant Elasticity of
Transformation - Cobb-Douglas function. The output data are cen-
sored; some households do not produce all outputs. The Tobit model
is used to statistically account for this. Disturbances attached to
different equations are assumed to be independent. This avoids the
need to evaluate up to quintuple integrals, a very expensive procedure
(possibly prohibitively so), allowing us to evaluate only single integrals,
a manageable task.

Output elasticities with respect to own price are small, being
under .5. The wage elasticity of labor demand is larger in absolute
value, being less than minus one.

The results of the entire household-firm model are derived. The
changes in consumption resulting from changes in total income when
profits are allowed to vary in response to price changes are computed.

In elasticity form these are important, being largest for lower expendi-
ture households. These elasticities are then used in computing total
elasticities of consumption with respect to price. The own price effects
remain negative, except for root crops and other cereals for low expendi-
ture households. The elasticities for low expenditure households are no
longer higher in absolute value than for high expenditure households.

Also, cross price elasticities are both positive and sizeable. Price
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John A. Strauss
elasticities of marketed surplus are computed. Own price elasticities
are all positive and sizeable, much higher than the output supply
elasticities.

Effects of total expenditure and of prices on calorie availability
are then computed using conversions from food composition tables.
Elasticities of calorie availability with respect to total expenditure are
found to be roughly .85, varying little by expenditure group. Price
elasticities of calorie availability are generally positive, except with
respect to rice and oils and fats prices for middle and high expenditure
groups. For rice price the elasticity is around -.25 for the higher two

expenditure groups, but .2 for the low expenditure group.
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CHAPTER 1

SCOPE OF RESEARCH

GCovernment policies affect the nutritional status of different popu-
lation groups, sometimes intentionally but far more often without fore-
thought. The nutritional well being of people, particularly persons
with low income, has become an important consideration for governments
of less developed countries. However, it is rare that policy planners
have much indication how different policies will affect food consumption
and thereby nutritional well being. This is especially so for people
who operate their own firms and who can adjust outputs and inputs
as well as labor supplied and consumption of goods and services in
response to price and other socio-economic variables.

This dissertation is concerned with exploring the socio-economic
determinants of food consumption of rural households in Sierra Leone,
households that produce foods (and other goods) as well as consume
them. Knowing these relationships it would be possible to trace the
impact of such determinants on availability of nutrients to the household,
especially of calories. This knowledge in turn may be of help in designing
policies to increase the availability of such nutrients, which will be a
Crucial part of improving the nutritional status of individuals.

The importance of nutrition in the development process is well
documented by Berg (1973), Reutlinger and Selowsky (1976), Dandekar

and Rath (1971) and others. Reutlinger and Selowsky demonstrate the
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2

importance of going beyond averages and looking at income distribution
when examining calorie availability. As one example: per capita grain
availability in Bangladesh was only one percent lower in 1974-75, a year
in which widespread starvation was reported, than in the previous year.
While emergency food aid flows show up in those figures, per capita
grain production was down only 4.7 percent (IFPRI, 1977). Clearly,
some people were much harder hit than others.

Of the economic variables, effects of prices and income on food
intake come first to mind. Since calories come from all food sources,
to trace the effects of prices and income on total caloric availability one
needs to trace their effect on the consumption of all foods. This calls
for a complete matrix of price and income elasticities, preferably different
matrices for different income groups of households. Pinstrup-Anderson,
de Londono and Hoover provide this for a set of urban households in
Colombia using a method proposed by Frisch (1959) which uses only income
elasticities, but at the expense of making extremely restrictive assumptions
about household behavior. Others have derived such a matrix by esti-
mating a complete system of demand equations. For rural households
who produce goods as well as consume them, one needs to account for
not only the direct effects of socio-economic variables on food consumption,
but their indirect effects as well. The latter occur if the household is
able to respond in its production patterns to changed socio-economic
variables. That is, the rural household is both a producing and a con-
suming unit. This knowledge leads to use of so-called household-firm

models in attempting to explain household food consumption behavior.
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3

Another concern of this research is to show that cross sectional
data exhibiting geographic price variation can be successfully used in
estimating both complete systems of demand equations and complete
systems of output supply and input demand equations. Howe (1974)
used cross section data in estimating systems of demand equations, but
his data had no price variation so extraneous information had to be used
to identify certain parameters statistically. Moreover, we show that
systems allowing for a wide variety of behavior can be estimated when
using a fair amount of commodity detail and including variables on
demographic information.

The organization of the dissertation is as follows: Chapter 2 develops
the household-firm model and makes it operational using a Quadratic
Expenditure System (QES) and a multiple output Constant Elasticity of
Transformation - Cobb-Douglas production function. How to incorporate
household characteristic variables into the demand system is explored
as is the effect of nonseparability of the utility function on the construc-
tion of aggregate prices.

Chapter 3 develops the general estimation procedures to be used
and explores some possible econometric problems. Chapter 4 describes
the data; both their preparation and sample characteristics. Chapter 5
reports results from estimating single equation demand regressions in share
form as a vehicle for exploring which household characteristics to use in
the demand system estimation. Chapter 6 reports the results of estimating
the Quadratic Expenditure System and Chapter 7 does the same for the
system of output supplies and input demands. For the latter, special
econometric problems were encountered because many households specialized

their production activities, producing none of several outputs. How this
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was handled is discussed in detail. Chapter 8 uses parameter estimates
from the demand and production sides of the household-firm model to
trace the total effects of price and other variables on household con-
sumption. It goes on to examine the effects of prices and total expendi-
ture on caloric availability. Chapter 9 explores some implications of the
model results for development in Sierra Leone and explores implications

of the research for future modeling of household-firms.
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CHAPTER 2
DERIVATION AND SPECIFICATION OF HOUSEHOLD-FIRM MODEL

Introduction
In order to trace all the impacts of socio-economic variables on
household food consumption it is necessary to account for those felt
indirectly through influence on the production and labor supply
activities of the household as well as directly on food consumption.
T his leads to modeling the household using so-called household-firm
Economic models of household-firm behavior are not new.

models.
Seminal papers have been written by Nakajima (1969) and Jorgenson

and Lau (1969). A further effort was provided by Lau and Yotopoulos

(1974) . AIll household firm models have a common structure of maximizing
@ utility function subject to three constraints: a production function and
a8 time constraint and a budget constraint. Some models (e.g., Nakajima's
sub sistence model) hypothesize that markets do not exist and others
(e.g., Jorgenson and Lau) explore intra-household distribution by
Using a social welfare function approach. These assumptions will be

tailored to the problem at hand. For our purposes, we will assume

households are semi-subsistence households. That is, they consume

Part of what they produce and sell the rest.

Derivation of the Household-Firm Model

Our unit of analysis is the household. We assume certainty and
abstract from time. A household utility function is assumed with

Arguments being household consumption of various goods and of leisure.

5
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6
Goods may be bought or sold in the market and produced. Labor may
be bought or sold in the market. Goods are produced using labor,
land and fixed capital. Land is assumed fixed in total amount but must
be distributed between uses. A time constraint exists equating house-
hold leisure plus labor time to total time available. Finally, a budget
constraint exists equating the value of net product transactions plus
exogenous income plus the value of net labor transactions to zero.
Product prices and wage are taken exogenously by the household,
markets are assumed to be perfectly competitive and family and hired
labor are assumed perfect substitutes.

Formally, let the household maximize

U= U(E,X:), where L = leisure
X::E good i consumed, i=1, . . ., n
subject to: c(xi,LT,D,R) =0
X'i:= X.-Si i=1, , n
SL = LH-LT
L=T-L,
n
ii:l piSi+A+pLSL =0
Yhere G(-) = implicit production function
Xi = production of good i=1, .. ., n
LT = total labor demanded
D = land
K = fixed capital
Si = net sales of good i (purchase if negative), i=1, . . ., n
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7

SL = net sales of labor (purchase if negative)

A = exogenous income

T = total time available to household to allocate between
labor and leisure

LH = total household labor time worked

p. = priceofgoodi, i=1, .. ., n
PL = price of labor

Assume the utility function to be twice differentiable, increasing in
its arguments and strictly quasi-concave. Assume the implicit production
function to be twice differentiable, increasing in outputs, decreasing in
inputs, and strictly quasi-convex. We will also assume interior solutions
even though border solutions are easily handed algebraically (this is
because estimation incroporating border conditions is very messy). We
set up the Lagrangian function as

n
(2.1) W=U(L, xi°)+x( I pi(Xi—X(i:)+A+pL(T-E—LT))+u(G(Xi,LT,D,R))
i=1

Our first order conditions are:

aW/:axic:au/axic-xpi =0 i=1, . . ., n
3W/at=aUla[—ApL=0

dW/3 LT =—ApL+uaG/8LT =0

n
AW/ A= i=21 pi(xi-x§+A+pL(T—L-LT) =0
3W/3u=G(X,Ly,D,K) =0

T hese may be expressed in the more conventional way of equating
Marginal rates of substitution in consumption between goods to price ratios

to Marginal rates of transformation in production:
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aU/axic p, 3G/X, -3X

L _ j fae_
(2.3) c - p. ac/mi axi ’ l#] 1, e o o, n
j

)

-BGIBLT BXi

- = , i=1, . .., n
ac/axi aLT

susl _ PL

zU/axic Pi

Graphically, for outputs, the household produces on its transformation
function between two goods at the point at which the slope of the trans-
formation curve equals relative market prices. Consumption is at the
point of tangency between the same market possibilities line and the
household indifference curves. Net marketed surpluses are measured
by the usual trade triangles. In this case C-B of good j is sold and

B-A of good i purchased. Between outputs and labor the same situation

holds.

o Good j

Figure 2.1

Household Equilibrium: Two Goods
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]

0 Labor

Figure 2.2

Household Equilibrium: Good and Labor

I i the case pictured C'-B' of good i is sold and A'-B' of labor is hired.

An extremely important property of this model is that it is recursive.
T he household's production decisions are first made and subsequently
U sed in allocating available "total income" between consumption of goods
and |eisure. This result is wholly dependent on the existence of markets
for goods and labor. Intuitively this allows the family to separate its
dec isijons on goods demanded and household goods supplied, the difference
being hired (or sold out). This can be seen graphically in Figure 2.1 and
2.2 . More formally, in the first order conditions, the partial derivatives
with respect to outputs yield n equations in n+2 unknowns (n good out-
Puts, total labor demanded and the ratio of two multipliers). Two more
®qua tions are added by the partial derivative with respect to total labor
de'“anded and with respect to the multiplier of the implicit production
f““Qt ion. This system of n+2 equations in n+2 unknowns can be solved

in terms of all prices, the wage rate, fixed land and capital, the result of
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10
the quasi-convexity of the implicit production function, first order
conditions and the implicit function theorem. Such solutions may then
be substituted into the budget constraint. That constraint plus the
partial derivatives with respect to leisure and consumption of goods
yields an additional n+2 equations in n+2 unknowns (n good consumptions,
leisure and a multiplier), which may also be solved in terms of prices,
the wage rate and nonearned income, since second order conditions
are met.

Conditional on the production decisions this second set of n+2
equations is identical to the first order conditions of the labor-leisure
choice problem. This, along with our assumptions about the utility
function, implies that the usual constraints of economic theory apply:
zero homogeneity of demand with respect to prices, wage rate and
unearned income, and symmetry and negative semi-definiteness of
the Slutsky substitution matrix. Likewise on the production side.

The profit function (the profits equation after input demands and output
supplies have been solved for in terms of prices of outputs and variable
inputs and in terms of quantities of fixed inputs) is homogeneous of
degree one in all prices and convex in prices.

When we later look at comparative static changes, from PoPo to PP,
in Figure 2.3, we can separate this movement into three parts. The
total shift in consumption is from point A to point C. When we hold
production fixed at point B, however, the household will be maximizing
its utility by consuming at point E. The movement in consumption from
point E to point C due to production moving from point B to point D we
will l1ater call the "profit effect." Rewriting the budget constraint, we

c—

have A+ m+p T-IpX; pLE = 0, where m=f p.X,-p Ly can be interpreted
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as short run profits. When production changes in response to changing
prices the effect on consumption will be caused by changing the xis and
Lr in the budget constraint, that is, by changing profits. The movement
from point A to point E is the traditional labor-leisure choice model. It
can be broken up into the traditional income and substitution effects

(with real total income held constant).

0 Good i

Figure 2.3

Effect of Price Change on
Household Equilibrium

Specifying the Demand Side--The QES

When specifying the demand component of the household-firm
model, we use systems of demand equations. Systems of demand equations
relate an exhaustive set of expenditures to all prices and total expenditure
(or income). Two broad approaches are used in specifying functional
form. First, one can specify a particular functional form. This can be

done either for the direct or indirect utility function, in which case one



works fo
in which
giving ri
iposed:
in prices
matrix,
(though
These re
# within
tion vers
tions may
o indjvj
househo)
ton, g,
ture 3 e
MeGative
lateg bet
i“COrpOrE
Altey
in nkng
of ey,
funqbn.
"Starcy
Ytign ar
fo the "

l0901' ge



12

works forward to derive the demand function; or for the demand functions,
in which case one derives a class of direct or indirect utility functions
giving rise that function. In doing so, three restrictions are generally
imposed: an adding up of expenditure criterion, zero degree homogeneity
in prices and expenditures, and symmetry of the Slutsky substitution
matrix. Negative semi-definiteness of the substitution matrix is not imposed
(though it could be) but is usually tested with the data upon estimation.
These restrictions on parameters operate across demand equations as well
as within each. This leads to one important advantage of systems estima-
tion versus single equation estimation, that these cross equation restric-
tions may be incorporated into the estimation procedure. The adding up
of individual expenditures to total expenditures (or total income in the
household-firm model) results in the second advantage of systems estima-
tion. Since both actual and predicted expenditures add to total expendi-
ture a positive prediction error for one commodity must be offset by a
negative error for another commodity. Hence, statistical errors are corre-
lated between equations for a given household. Estimating a system can
incorporate this fact leading to greater efficiency of the parameter estimates.

Alternatively to specifying a particular function, one can approximate
an unknown direct or indirect utility function at a point to any desired degree
of accuracy and derive the demand functions from the approximated utility
function. Which approach one uses will depend on what relationships the
research wants to highlight, number of observations available to use in esti-
mation and so forth. As a general rule, approximating functions, when taken
to the second degree of approximation as most have been thus far (e.g., trans-

log or generalized Leontief), involve independent parameters to be
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estimated increasing as a multiple of the square of the number of
commodities in the system. To decrease the number of parameters to
be estimated additional constraints need to be placed on the system.
Some specific functional forms have the number of parameters increasing
as a multiple of the number of commodities included. This is achieved
at the price of restrictions on the type of behavior admitted by that
form. In general, the wider the range of behavior the functional form
permits, the greater the number of parameters are.

One class of widely used expenditure equations is linear in income.
Gorman (1961) has shown that this class of functions is generated by
an indirect utility function of the form V(p,y) = (y-f(p))/g(p), where
p= vector of prices, y=expenditure and f(p) and g(p) are functions
homogeneous of degree one, Pollak (1971a) derived the class of additive
utility functions (of the form U(x) = U(U1 (x|)+u2(x2)+...+un(xn))
giving rise to expenditure equations linear in income, one of which is
the Klein-Rubin form U(X) = ; bi,ln(xi—ci) . This gives rise to the
linear expenditure system: a

n

(2.4) pixi =piCi+bi(y— )X p‘(ck) , i=1, . .., n
k=1
n
I b.=1

The bis are marginal budget shares. The C;s have traditionally been
interpreted as "necessary quantities’ of good i so that y-zkpkck is the
amount of expenditure available to be allocated after necessary consump-
tion has been net (so called supernumary income). The trouble with
this interpretation is that there exists no logical reason for the Cis to
be positive ; indeed when they are negative broader behavior is allowed

by the function.
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For the purposes of this study the LES involves constraints on
behavior which are unacceptably stringent. The major problem from
our point of view with the LES, and with all other systems linear in
total expenditure such as the S-branch utility system (Brown and Heien,
1972), is that it restricts Engel curves to be linear. We are interested
in disaggregated food consumption for which there is more reason to
believe Engel curves will not be linear. Indeed, some foods may be
inferior goods. Less troublesome is the restriction that goods cannot
be Hicks-Allen complements. Also, ordinary cross price elasticities
are constrained to be negative, that is, income effects dominate sub-
stitution effects. Furthermore, if the Cis were constrained to be posi-
tive then own price elasticities would be constrained to be less than one
in absolute value.

A generalization of the LES would allow for nonlinear Engel curves.
One possibility is quadratic Engel curves. Howe, Pollak and Wales
(1979) have shown that any quadratic expenditure system (QES) con-
sistent with Engel aggregation (summing up of expenditures), zero
homogeneity in prices and expenditures and symmetry of the substitution
matrix is generated by an indirect utility function of the form V(p,y) =
-g(p) /(y-f(p))-a(p)/g(p), where g(-), a(-) and f(.) are all homogeneous
of degree one. This function generates a class of quadratic expenditure

systems of the form

P. ag/op. pP.3g/op.
c _"i Ja _ i 2 i i (o of

Whil e existence of an indirect utility function implies existence of a
direct utility function, no closed form for the direct function associated

with the QES has been derived. Thus, to extend the class of QES to
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the household-firm model we must work with indirect utility functions.
This presents no problem so long as we continue to assume interior
solutions. As we have seen, one may solve for X‘i: and L as functions
of the P PL- and A+m +pLT, where the latter sum replaces income in
the indirect utility function. Hence, to use the indirect utility function
in deriving demand curves in the household-firm model we need an
extension of Roy's identity. That Roy's identity extends itself is
readily seen. Let y=A+ n+pLT =§piX? +pLE. If we minimize y with
respect to prices and wage rate s:ubject to U(X?,E) = U* we obtain our
optimum y*=y*(p,U*), Assuming 3 y*/3 U*#0 we can solve for U*=U*(p,y?*).
This is nothing but the indirect utility function U*=V(p,y*(p,U*)).
Differentiating with respect to P;: 0 =aV/3pi+ -g—;ll—* %pL: . Asy*is

. . oy* c
an expenditure function, by Shepard's lemma we have 5p = )(i .

c --BV/E)pi o _ -N/apL i
Hence, Xi = Tm——y—; . Sll‘l'lllaf"Y, L= W*

A formation of the indirect utility function used by Pollak and Wales

(1978) is a

'ﬁpk (e .
(2.6) V(P,Y) =555 *Mp ,La =X
Y ipk k kK K kK k

k

a
This uses g(p)= Hpkk . f(p) = Ip, C, and a(p) = - Nip,
k k k

the a, s, C, s and d, s and A are parameters to be estimated. There is

k k k
no necessary reason for A to appear. Dropping it in order to save a

pParameter we can extend 2.6 to the household-firm model in a natural way,

n+1 a, n+1 n+1 (ak-dk)
(2.7) Vv=-1 p, /(A+p, T+1- Z p,C )+ 01 p
k=1 K L k=1 KK = K
n+1 n+1
L a =1 d =1, where leisure is treated as the n+1 good.

k=1 k k=1 k
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The resulting expenditure equation is

n+1 n+1 -d

c_ _ _ _ k
(2.8) piXi = piCi+ai(pLT+n +A k):=1 kak) (ai di) kgl Py
n+1 2
(pLT+1r +A- kz=l kak) i=1, . . ., n+1

This has as a special case the linear expenditure system provided ai=di, Vi.

As noted, the QES is a class of expenditure functions. In the
23, -C

foregoing example the function a(p) was the multiplicative one -II Pk k k.
k
Had we chosen an additive function a(p) =L pkdk (Howe, Pollak, and
k
Wales, 1979) our indirect utility function would be
k
e |
V(p,y) = Ao T .07 - 3 and our expenditure system
L k "k k
k Hpk
k
-zak

c_ _ -
(2.9) pixi = pici+ai(A+1r +pLT ipkck)ﬂpidi a.z pkdk)lll‘pk

(A+ T +pLT-Z'I< pkck)2

It might be interesting, but costly in parameters, to find a more general
specification of which these two are special cases. One possibility
would be to let a(P) be a CES type specification a(P) = (T dkp":)”p

}:dk = 1, which becomes an additive specification for p=1 |:md a multi-
l[;lit:ative one for p=0.

Our main research interest is not to compare alternative specifications

of the QES. We choose to use the specification of equations 2.7 and 2.8.
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Incorporating Demographic Variables
into the Demand System

Since our unit of analysis is the household rather than the individual,
we must decide how to incorporate household characteristics such as
size and age distribution into our analysis. The discussion draws
heavily upon Pollak and Wales (1978b, 1980). Two very general approaches
are possible. We could assume that different household characteristics
give rise to different utility functions. In this case the sample would
need to be grouped by the appropriate characteristics and the system
estimated separately for each group. This would drastically reduce the
number of parameters one could estimate, necessitating a reduction in
the size, and hence the interest, of the system. Alternatively, one can
assume that different characteristics can be accounted for within a
common utility function. This is the approach taken here.

One might ask why not simply replace expenditures and total
expenditure by their per capita equivalents. Indeed, this is possible
and implies that per capita consumption is what enters into the utility
function. In the past this has been criticized for not allowing for
different consumption requirements for different members of the house-
hold. Such reasoning has led to construction of consumer equivalents.
Often this exercise is based on recommended caloric intake by age group
and sex. Clearly, however, caloric "requirements" do not constitute
the only relevant measure by which to weight different members of the
household. Prais and Houthakker (1955) argue that each member ought
to have a different weight for each consumption good. They hypothesize
expenditure equations of the form pixflsi=fi(p,y/so) i=1, . . ., n where

$;= thee consumer equivalent for good i and So = the "income scale." They
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model s, as a linear combination of household characteristics and So
they assume to be independent of expenditures. The trouble with the
latter assumption is that the demand system may not satisfy the budget
identity. Muellbauer (1980) corrects for this by defining So implicitly
using the budget equation (i.e.,I sifi(p,y/so) =y) in which case So is
a function of prices and total expenditure as well as of demographic
characteristics. There is disagreement between Muellbauer (1980) and
Pollak and Wales (1978b) over the question of the characteristics of any
theoretically plausible demand system giving rise to the Muellbauer
respecification of the Prais-Houthakker procedure. Muellbauer argues
that preferences must correspond to a fixed coefficients utility function,
that is no substitutability between goods consumption. Pollak and Wales
try to establish that applying the Muellbauer modification to a demand
system corresponding to an additive utility function results in a
theoretically plausible system. They further try to show that applying
this method to a system linear in expenditure will be plausible only if
the underlying utility function is additive. Since we are interested
primarily in systems which are neither linear in expenditure nor additive
this way of incorporating demographic variables into our analysis will
not be pursued further.

The idea of equivalence scales which vary by commodity can be
implemented in other ways, which are generally applicable to all
theoretically plausible demand systems. Moreover, using arbitrary
assumptions in order to form such scales prior to estimation can be
avoided by estimating them. One example, scaling, due to Barten
(1964), hypothesizes arguments in the utility function to be consumption

as a ratio ocommodity equivalence scales, which are dependent only on
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demographic variables: U(X) = U(xﬁn], x‘;/lz,...,xﬁlln). The
resulting indirect utility function is of the form V(p,y) = V(pll l""'pnln'y) .
Maximizing with respect to the XiC s, assuming the Iis to be fixed in
the short run, yields an expenditure system of the form piX;:=
pi'ifi(pl|1""’pn|n'y) . Such a system retains consistency with all
the usual theoretical constraints except for negative semi-definiteness
of the substitution matrix. Under continuity assumptions on the utility
function, however, the modified system will meet this criterion for 'i
sufficiently close to one.

Under the scaling method of entering demographic variables the
effect of changes in demographic variables operates analogously to

price changes. We can write lan: | nli+l nfi(pili,y) so that

c
cam S < ot
: . . Jnf _ 3lnf’ -
where Ny = the t th demographic variable and Snp T~ - dnp. -

J) )
the cross elasticity of good i with respect to price j. Hence, the consump-

tion elasticities with respect to demographic characteristics are an affine
function of the price elasticities. It remains to specify the 'i‘ Two
possibilities are polynomial and log linear. The polynomial specification

K R
is Ii = 1+( & o.rnr) ', where the K n.s are defined as above and the 0,.S

r=1
and Ois are unknown parameters. There will be at most n(k+1) of these
parameters which are in addition to other parameters in the model.
Clearly then, the number, k, of demographic variables to be included

will be limited by model size considerations. The log-linear specification

K o
is li = 7 o, A special case of the polynomial is the linear
r=1
K

l.=1+ % 0. n..
1 r=1 nrnr
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Another method of entering demographic variables into demand
analysis due to Pollak and Wales (1978b, 1980) is called translating.
The direct utility function is of the form U(X) = U(x Vi ,xn-vn)
and the indirect utility function is V(p,y) = V(p,Yy- ? pivi). As for
the LES, the v,;s may be interpreted as committed quell.nltities of goods.
However, there is no reason why these parameters should be positive.
The expenditure system may be written pi)fl:= pivi+fi(p,y-2pivi) . Again,
negative semi-definiteness of the substitution matrix may hold only for
vi sufficiently close to zero. The effects ola’ dergographic variqbles, nt.
: S PXi WV f M A
come through income in this modification. 5-?]7 = P; -a—nt— Ty jfl pi ant .
Pollak and Wales dub the first expression the "specific" effect and the
latter the "general" effect. The specification of the v has the same
considerations as for the | i in the siz:aling case. The linear specification
would omit the one, however; v = r-E-l 0Ny
Other ways to enter demographic variables exist. Gorman (1976)
has proposed to sequentially scale and then translate. The reverse
would also be possible as Pollak and Wales note. The little experimenting
which Pollak and Wales have done indicates that scaling may be slightly
better, although most of their comparisons are not nested and non -nested
statistical tests of the differences are not performed. Using the linear

scaling specification and the QES, the demand side of the

household-firm model would look like:
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K K
(2.11) pX p(1+ L on, )C +a, (A+1r+pLT Zpk(1+ Z o nr)Ck)
r=1 k r=
-d
°(ai_di)£[pk“+fokr"r)] (A+1r +p T- l)ipk(n Lo, N )Ck)

-p by = - O0- (1+Zo nJC )+a  (A+m+p T- l)ipk(H}:ok nJC,)

-d
k 2
-(a - L)E[pk(HZO )] (A+N+PLT‘iPk(1+§Ukrnr)Ck)

The first term of the second equation we can rewrite as

(2.12) —pL(T-CL) +Eo LrCL n.P_
Likewise, we can collect T-CL in the other expressions so as to avoid
specifying T. Viewing only the above expression, only GLrCL is identified.

-d
. L

However, the 0 S @ppear in the form [pL(1+EoLrnr)] , hence the 9 S
will be identified from that expression. Hence, CL is over-identified
and from the estimate T-CL sois T.

We can improve the realism of the model by noting that T, the "total"
time available for household allocation will itself be a function of demo-

graphic variables. Moreover, this will not affect the budget identity.

Writing T = ermr we have for the first expression
r

(2.13) —pL(Z Y M, -C )+ZoL CLn PL
Now all the parameters are identified.
Alternatively, we can use translation. Modeling T as above we have

for the expenditure system
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K q n+1 K

c
(2.14) pX. ' =p.C.+p. Zo.n+a.(p, Z ym+1+A- I p (C, +ZI o,.n.))
i i ipoq AT i Lr=1rr k=lk kr___lkrr

n+1 -d q n+1 K 2
-(a-d.)) T p (p, Z y.m+1m+A- L p (C .+ Zo,.n.))
U M k L rep TOF K=1 k' "k r=1 kr'r

Since leisure is not directly observed we subtract from both sides of the
leisure expenditure equation the value of time available to the household.
The left hand side becomes the negative of the value of household labor,

which we do observe.

K q q
(2150 =Py by =PLC L B0 P B Yl Iy m A

n+1 K n+1 -dk
L p (C + L n))-(a-d) II p
k=1 k' "k r=1 kr'r L k

q n+1 K 2

(p, I ym+n+A- L p (C.+ L o, .n))
L rmp T T K=1 k' "k r=1 kr'r

T his device avoids the need to impose values for T, such as a male having

exactly sixteen hours per day available for work and leisure. With n+1

commodities, K translation demographic variables and q demographic

variables for total time this system has at most (3+K) (n+1)-2+q parameters

to estimate (fewer if some of the nrs and mrs are identical).

In the foregoing, we have made only the Ck parameters functions of

demographic variables. In principle, the a, and dk parameters also

+E£i M subject

to = a;=1. This latter constraint would imply that T'a, =1 and that 1§, =0,
i i

v.-- This might be one way to incorporate the hypothesis that different

SOurces of income resulted in different expenditure patterns, a hypothesis

Mig it be functions of parameters. We might write a;=a;,

that our formulation of the model does not permit exploration of.
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Both translation and scaling assume that household characteristics
It is possible to enter

do not enter separately into the utility function.
This

demographic variables as separate arguments in the utility function.

is done for a linear logarithmic expenditure system by Lau, Lin and

Yotopoulos (1978).
Comparison of alternative methods of entering demographic variables

is not our purpose any more than comparing different forms for the QES.
We ultimately use the translation specification, although use of the scaling

specification was attempted and discarded for reasons outlined in

C hapter 6.

Separability of Utility Function
and Perfect Price Aggregation

One important issue of specification is the number of commodities

to be included, hence the level of aggregation one uses. In a model of

this size the number of commodities used will have to be limited, hence
commodity groups will need to be formed. Since we are deriving our

Sy stem using constraints implied by economic theory, the question
Naturally arises whether one can group commodities, in particular form
aggregate price indices for the groups, and remain consistent with theory.
Three ways exist to handle this question. One is to assume relative
Prices within each commodity group to be constant and form composite
Commnodities as suggested by Hicks. The second approach is to use
Properties of separability on the utility function and derive the appro-
Priate price indices accordingly. The third method is to ignore the
Question and form price indices in an ad hoc manner. Using the second
methoa, Blackorby, Primont and Russell (1978) define strong price

aggregation as the existence of linear homogeneous functions Tri(pi) such
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that yr = Or(nl(pi),. . .,nn(pn),y), where p'E vector of prices in group i,

y=total expenditures, yrs expenditure on group r and ¢ is an expenditure

equation homogeneous of degree one in prices and expenditure. They

define the conditional indirect utility function as H(y‘,yz,. . .,yn,p)=

2.2 2

max(U(X)l):prery) and note it can be written as H(h'(yl,pl),h (y .p)).

x r
. . .,hn(yn,pn)) if and only if the direct utility function is weakly

separable in the n commodity groups (that is, it can be written U(X) =
u'xh,u?ixd,. . .,uU™x™). In this case Pollak (1971b) has
shown that one can derive a conditional demand system; expenditures within

a group as a function of prices within the group and of group expenditure.

T he latter is a function of all prices and of total expenditure. Blackorby,

et al. show that a sufficient condition for strong price aggregation is

for H to have the form

d
HX) =u*(z h"(y"p ) +u(h®*! (y4*7 09 Y L h"(y™.p™)), where h"

is l'\omogeneousro:ir1 degree minus one in pr for r=d+1,...,n and h' is of
the generalized Gorman polar form, h" =y r(yr/nr(pr))H\r(pr) , Ar(p)
being homogeneous of degree zero. It turns out that the generalized
Go rman polar form yields expenditure equations linear in income. Hence,
the class of QE systems does not meet this requirement. Indeed, the
indirect utility functions as operationalized by Howe, et al. are not
€ven separable (though this need not imply the same for the corresponding
direct utility functions).

While Howe, et al. speculate the existence of a QES which is
S€pPa rable, we have been unable to derive such. The closest we have
Come s to derive systems quadratic in expenditure within groups but
""lear in total expenditure for group expenditures. One class of

uti ity functions meeting Blackorby, et al.'s criterion for price aggregation
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is the S-branch utility tree (Brown and Heien, 1972). Although this

function is a generalization of the LES in that it allows for complementarities

it is also linear in expenditure, hence will not be pursued

The LES is derived from an additive direct utility function and
does give rise to price aggregates (Stone, 1970) but which depend on
unknown parameters. To see this, add the LES expenditure equations

for a commodity group:

(2.16) pixic=2 piCi+Z ai(y—é.jpiCi)

ielr ielr idr i
( (r,C) ) c ( n (p;C;) c)
=( e—pF)L +L a(y- I I z
.. L C. . j . i C
g, e jd,. I(—:lr r=1 u—:lr ,d jel,.
=prCr+ar (y- £ pC)
r=1 C
r_ a" = - _ i
where C -'z:. Ci, z a,, r zgroup r and p = X P ¢
jd |d id J
r r |elr

Price of group r is a weighted average of prices within group r with

weijghts consisting of unknown parameters.
Given that the Cis are unknown two options exist. One is to

€stimate conditional expenditure equations within groups and to use the
" in the aggregate function (see Chapter 3).

rFesulting estimators of p" and C
Ronald

T he second is to use proxies for pr based on a price index
A nderson (1979) performed a Monte Carlo experiment using an additive
Pe rfect price aggregate model and found that multilevel estimation out-
Performed a variety of price index proxies using several criteria but
thayt no type of index clearly outperformed any other. The better per-
f°"mance of the multilevel procedure was especially marked for cases

'™ which some commodities entering into a commodity group were inferior.
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As noted, the QES we use is not separable, hence, perfect price
aggregation is not of direct use to this research. However, as we explore
in Chapter 3, use of a separable functional form such as the linear expendi-

ture system allows, under certain statistical assumptions, estimation of

conditional demand functions and composite demand functions in a

multistage procedure. In principle, this extends the number of commodities
one can realistically estimate, but again at the expense of linear Engel

curves, at least of the group expenditures.

Specifying the Production Side

Specifying the production block of the household-firm model will

involve a set of factor demand and output supply equations plus a

short run profits function. We have initially specified an implicit

production function of the form G(X.,L;,D,K), where D and K are
fixed. We could stop at this point, making operational this function (or
its associated short run profit function which we have seen exists)
using a flexible form such as the translog. However, we must be
Conscious of our parameter usage particularly since we are not primarily
interested in the production side. The usual way to achieve parsimony
in parameters is by using assumptions on the nature of the production
Function. Two general possibilities suggest themselves. At one extreme,
We could assume non-jointness, that is the existence of individual pro-
D uction functions for each output. With fixed land and capital this
Wao yld insure dependency of those outputs in whose production
fuhctions land and capital appeared on the corresponding output prices.

Ho wever, assuming production functions to differ would entail at least
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nm parameters, where n is the number of outputs and m the number of

inputs. More importantly, there are inadequacies in our data for using

this approach (see Chapter 7). Alternatively, we could assume some

form of separability. One logical possibility would be to assume outputs

as a group to be separable from inputs as a group. That is, G(Xi,LT,D,_K') =

H (Xi)-F(LT,D,_K) . We could further assume almost homogeneity of

degree g— . that is, H(X)) = F(ASLT, 2°D, A®K). That these assumptions

are restrictive in the behavior they permit is true (for a survey see

McFadden, 1978, and for an extension to multiple outputs see Lau, 1978).

The question for this research is whether the answers to questions con-

cerning food consumption which we are interested in are robust to

assumptions on the production side.

Among the possible functional forms to use for inputs one appealing

form is the Cobb-Douglas (CD). Its weaknesses are well known. Its
strength for our purposes is its requiring only m+1 parameters. For
outputs we might think of the counterpart to the constant elasticity of
substitution function, the constant elasticity of transformation (CET)
introduced by Powell and Gruen (1968). The function, of the form
H (X‘)=(ZGin)”c, where Gi >0 and c>1 to insure convexity, entails
Only m+: parameters. Consequently, a CET-CD system would require
N +m+2 parameters which must surely be pushing the lower bound of
Parameters in any reasonable system. Writing the CD function for

BBBK

inputs as F(L;.D,K) = A L Lp Pk K we have

T

B, B, B
LDDKK

c,1l/c _
(2.17) (ESiXi ) = AOLT
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This production system requires one of two normalizations; either Ao-—l

or ZGi =1. This can be seen since we can write the left hand side as

i
(Zéi)”c (ZG *xc)Ilc where
i i

Gi*= <Si/ L§. and Zdi*=1. In this case AO and
i i

(Zdi)”C are not distinguishable, so one would estimate Ao"‘=.l\o/()3c‘3i )

i i

when using the normalization )Iéi*=l. Alternatively, we can leave the

i
Gis as they are and set A =l, which is what we have done in Chapter 7.

The parameter c can be transformed mto ., the elasticity of

transformation between outputs. That is c—ji- is the elasticity of the

ratio of two outputs with respect to the marginal rate of transformation,

-9 xi/a Xi, between them. Since in a competitive equilibrium, which

we assume, the marginal rate of transformation between outputs equals
the relative price ratio, the elasticity of transformation between outputs

is the elasticity of the ratio of two outputs with respect to their price

ratio. For this production function the elasticity of transformation para-

meter is constant, hence the name CET. Moreover,
Indeed, one generalization of this functional form

1971) to

it is the same for

all pairs of outputs.
would be to write it as a multilevel CET (Mundlak and Razin,

Capture differing transformation elasticities between outputs from

different groups.
The 6 parameters have their meaning in the marginal rate of trans-

-oX. 8. [X.) c-1
1:Qr'matlon. It is easily seen that f—-'- <S X On the input side,

the B parameters have the usual meanmg for a Cobb-Douglas specification,

that is, the percent change in all outputs due to an infinitesimal change

i the particular input. The sum of the B's is the degree of almost

."Qtnogeneity .
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Maximizing profits subject to 2.17 (normalizing Ao=l) and to D and

K being fixed, we arrive at the output supply and labor demand equations.

B, /1-B, ., . i
(2.18) pixi=BLt Léillu:1)pf/m 1)

-1/(e-1) |, el(e-1)) (cB -1)/c(1-B)

(z6
K k
B, B_1/(1-B,) (-B, /(1-B,))
o Pk K, L oL L L
izl, o o o'n
1 1

B, B, =) (+5) (-B,/(1-B,))

_ (0 Px K, TB_ B, B, oL L L

PLlr
(26.c~1 p.c/(c-l)) cil—BL)
Ci i
i
These equations point out some of the simplifications made by selection

of this functional form. Elasticities of value output with respect to fixed

B.
input are T:B'—" where i is either D or K. This means these elasticities

are the same for all outputs. Also, the elasticities of value output

-B

with respect to wage ]—_-é'—are identical for all outputs. Own price elas-
L

ticities of value output and of value labor demand are not identical

across commodities.

1
'np.x L—. —
il _ 1 c-1 [ c-1 _ _ _
(2.19) I, ==7 + P 6" (B -N/((1-B ) (c-DA)
dlnp, L
_enClle-1) . -1/(c-1) LT__ -
\NhereA-Zpi 6i andw- = BL/(I BL).

i
Thus far we assume the implicit production function to be identical

in all regions in Sierra Leone. One way to capture some differences is

o allow for fixed regional effects, for instance, on the intercept term

Omn the input function. Indeed, this is pursued in the estimation procedure.

O f greater difficulty are possible differences in the remaining parameters.
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One could add slope dummy variables but at a large cost in parameters.
Alternatively, one could assume that parameters vary, randomly around
some mean with a disturbance which is identical for households within

a region. This is essentially the Swamy (1974) specification for panel

data adapted to a regional cross section. Of greater difficulty is the

possibility that some outputs are not produced at all in some areas
(which is true for our sample, see Chapters 4 and 7).

Estimating the household-firm model by agro-climatic region has
appeal in principle, however, separating 138 households into eight
regions will not leave sufficient data for estimation, and worse will leave
no price variation as that is regional (see Chapter 4). Compromising
may be possible but at the potential cost of having to reduce parameters
to be estimated and reducing observed price and input differentials.

A ggregation of outputs or inputs may help some but raises the same
issues as on the demand side of the model. Hence, we assume that the
production function is identical throughout rural Sierra Leone, but with
certain parameters possibly varying with region.

As for the limited number of inputs, this specification is based on
Byerlee and Spencer's (1977) extensive study of farm firms in Sierra
Leone (also Byerlee, Spencer and Franzel, 1979). Fertilizer purchases
are very limited and tractor services are hired by only a few mechanized
Farms in a particular area, Bolilands. This study is not concerned
Directly with changes in farming systems so these factors can probably

be reasonably abstracted from (though they are included in our measure

OF capital flow--see Chapter 4).
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CHAPTER 3
ESTIMATION OF MODEL

Specifying the Error Structure

Specifying the error structure of the household-firm model can pro-

ceed in two ways. We can specify an error structure within the utility

and production (or profit) functions and derive the appropriate error

structure for the expenditure equations. The more common approach

has been to append an error structure onto the demand and supply
equations with, perhaps, some attention to properties of the error struc-

ture.
In the first approach we could add a stochastic component to the

utility and production functions except that we are abstracting from

Uncertainty. Alternatively, we can assume randomness in parameters

which reflects differences in household tastes. This has been pursued

by Pollak and Wales (1969) and Wales and Woodland (1979). For this
Study randomness in demand parameters to account for differences
in tastes makes sense only if we think important differences exist
Which are not due to demographic characteristics. Wales and

Woodland append errors to first order conditions of utility maximi-

Zation. Interpreting such errors as errors in allocation rather than

eterministic components reflecting differences in tastes would
Yead to estimation of the structural first order conditions rather than
the reduced form demand, expenditure or share equations. Deriving

The likelihood function for the observed commodity and factor input

31
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demands and output supplies would be a straightforward (though messy)
matter of taking the jacobian of the transformation from errors to
observed variables and multiplying that by the likelihood function of

the error terms, which we would assume.

If we are to be more conventional we can add errors to the reduced
form. Here the question arises which form of the reduced form should
errors be added to. The choices are threefold: for the demand (pro-
duction) system they are quantity demand (supply) equations, expenditure
(value supply) equations and share (share of profits) equations (there
is no reason why the form for the demand and production sides ought
to be the same). The choice will depend on in which form one expects the
disturbances to have desirable properties. For household t let € be

] 1 ] [}
an n vector error. Assume €5 to be iid N(0,Z) so that e=(e1, ez..., eT)

t
“'N(o,l.rﬁ):) . On which form of the reduced form is this most likely to
hold? In particular, on which form are the disturbances identically
distributed? Pollak and Wales in most of their work on demand systems
believe the share equations are the proper ones to which to add this
error structure. Using experience from estimating Engel curves they
feel the errors on expenditure equations have a heteroskedastic nature
Of the form E(et. eti) =°iiY2' y = total expenditure. Hence, dividing
©ach equation by y, resulting in share equations, is the appropriate
Solution. Alternatively, one might assume as did Pollak and Wales
C 1969) that errors on the demand equations have structure
Sley €t

However the error structure is specified, residuals may be examined for

) = oiixi‘xf where the hats indicate non-stochastic portions.

The appropriateness of the specification, and if heteroskedasticity is

S uspected statistical tests may be performed.
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Without loss of generality assume error terms are added to the
expenditure equations and value of factor demand and output supply
equations. Subtracting the value of factor demand from the value of
output supply equations yields the short run profit function, m.
Assume profits have a stochastic component, also. Then nz;r +€
and §:€2i ~ €y T EL, where €,; are disturbances added to the value of
output supply and labor demand equations. Hence, for each household
the sum of errors on the value of output supply equations less the
disturbances on the value of labor demand and profits equations is
zero.

One the demand side the disturbances also sum to zero. Formally

we may write

c_ i _ _.L
(3.1) pixi = h (p,pLT+n)+ €457 pLLH = h (p,pLT+1r)+ €L

provided Ehi(p,pLTm )+hL(p,pLT+n) = n, which is true for any
i

theoretically plausible nonstochastic system, then Z€“+ L= 0.
i

d

1
. \

For any household t,

(3.2 [ pxS ) (h;(p,pLTﬂr)\

™M

Pl | "lt"p'pLT”) / 1L
! n '
auf | = ~9, (p,K,D) + “Een
]
’ I3
i ,
PX4 9 (P.K.D) € 2i

|
|
i \ /
L
PLher ! 9, (P.K.D) | oL

and
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where i is a unit vector of appropriate dimension. Note that the equations

have been stacked with the consumption block equations on top. Assume
[}

* * &1 0 * *
now that €¢ = (e:tl ’ etz) ~N(0,Z ). Then I is singular. This is easy

*
. * _
to see because if Ziteni = 0 then ?Etljetlk

Vk. this means that elements of each row (and column) of that part of

* *
= 0, Vk,and E.E(etlietlk)=z.°1jk=o’

*
t

*
section of L corresponding to € Er2°

If we were to estimate this system using a maximum likelihood

®
L corresponding to € 1 adds to zero. The same will be true for the

technique we would ignore one equation in the demand system and
one equation in the production system (because we need to invert the
covariance matrix) . Which equations were dropped would not affect
our results. Barten (1969) has proved that result for an error struc-
ture with one redundant equation. His result easily extends for a
structure composed of two sub-structures each with one redundant
equation. Assume that the labor supply and profits equations are
dropped. Then we have n equations remaining in the consumption
block and n+1 equations in the production block. We may rewrite the
resulting system as

(3.8) [ pXy hy (PP THIPX P L) €t

_ i
PXv 1= 9 (P.K.D) +
-p. L L (p.k.D) €
PL tTJ 9 PR t2

* |} 1 '

v & Gy e
likelihood function for [ p.xS. \ is

Given our assumptions on ¢ ~ N(0,Z). Then the

PXti

“PLler J
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-(2n+1)

3.5 Lo=(2m 2 z|7? ||J€t||exp{—~}et e}

where .lE is the Jacobian of the transformation of disturbances into
t
dependent variables, and

1 1 1
(3.6) | 1 0.0 -3h/3p Xy - 3h /3 pXy oo 3h/03p Ly
0 100  -hdapx R
; y t/P1% e oo ¢/ P by
if
§ 0 0.1 -ahVap.X, ... ahy/ 3p Ly
|
|13 ] = 40 o0..0 1 0 0
€ .
t i
. 1
b
0
0 0 1
= In A
=1, where A is nx(n+1) with
0 |n+1
_ o -
Aii = aht/ aijjt ji=1,. . ., n
i a
) htla pLLT j=n+1
If we assume the e'ts to be independently, identically distributed for
(]
all t then the likelihood function for € = (¢ IR eT) is
%(2"”) -T/2 -
(3.7) L =(2m) [z exp{-}ZetZ et}
t
-'2[(2"”) -T/2 -1
= (27) |z exp {-% Trace e € }

In our case this will be a nonlinear in parameters likelihood function.
Barnett (1976) and Gallant and Holly (1980) have shown that under

suitable regularity assumptions the consistent and asymptotically efficient
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properties of maximum likelihood estimators hold when the likelihood
function is nonlinear in parameters. Moreover, the covariance of the
asymptotic distribution of /T(B - B) continues to be lim ((1/T) 2)_1,

T+
where 2= information matrix.

Effect of Non-ldentically
Distributed Errors

If the errors appended to the value equations are not identically
distributed across households, this can easily be incorporated into the

likelihood function. In the consumption block it may be that

~ ~ c
E(e ) =0, XSXS. Defining Fro=[ Xt © \we have

t1i St it

. A

0 th

€1 " N(O,Ftl ):" Ftl)' where T 1 is the nxn upper left corner of I.
On the production side it may be that errors appended to the quantity
form are identically distributed. In this case E(¢ t2i€t2j) =0 5;iPP; and

b

€42 ~N(0,Ft2 ZZZFtZ)' where th = P1 0 and 222 is the

0pn
0 PL
(n+1) x (n+1) lower right corner of L. Of course, the F matrices need
not be specified this way. Indeed, many different specifications can be

used. Combining both sides we rewrite the likelihood function 3.7 as

%T(Znﬂ) -T/2 T -1 T , -1
(3.8) L =(2m) || | HFt” exp{-} I e, F,
t=1 t=1
F 0
where Ft= t1
0 F

t2

-1.-1
pX Ft et}
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Block Recursivity of Model

Of interest for estimation purposes is how we specify . If I = L, 01},

that is, if disturbances on the demand side are independent of distur-
bances on the production side, then the likelihood function is the product
of two such functions, one for the demand equations and one for the out-
put supply and factor demand equations. This is due to the block
diagonality of the covariance matrix of disturbances plus the block
triangularity of parameters in the system (that is, the fact that commodity
demand parameters do not enter into output supply and factor demand
equations when decision making is recursive). Moreover, profits, m,

will not be correlated with the consumption block disturbances. Hence,

separate estimation will not result in inconsistent estimates. For any

household t
-(n+1)
(3.9) L, = 2m ™2 @an 2 1z, | Izzl’* exp {~3(h (iy,,2,,2,:8,),
-1
gt(Zz,Z3,Bz)) . 0 ht (.)
-1
0 L, 9 (.)

where htEdemand side equations, gtE production side equations, yzsvalue
of output supplies and necative factor demands so i'y2 =measured profits,

Zizexogenous variables, and BiE parameters. Then

-(n+1)

~n/2 IZIfiéxp'P}hlz;Iht}(Zn) 2

(3.10) Lt = (27m)

- ' -1
2,1 Fexp tig, 2, g}
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If, however, the disturbance covariance matrix is not block diagonal
then this property no longer holds. Parameters from the demand side
are no longer separable from those of the production side. More impor-
tantly, profits are now correlated with consumption side disturbances,
sc that separate estimation results in inconsistent estimates. In this
case, the maximum likelihood estimator entails joint estimation of both the
demand and production blocks of the system. In principle, the assump-
tion of block diagonality is a testable one. We could estimate the system
assuming block independence of the disturbances and use a Lagrange
multiplier test (see Rao, 1973, pp. 418-20; or Breusch and Pagan, 1980),
which requires only restricted parameter estimates.

Another reason to assume block diagonality is to increase computational
tractability, thus allowing a larger problem to be examined. Separate
estimation of the consumption and production sides of the models entails
far fewer parameters being estimated for each separately. When using
numerical maximum likelihood techniques the number of parameters being
estimated greatly affects the cost and tractability of doing so. Hence,
if we can estimate the subsystems separately we will be able to estimate
many more parameters in total than if we did not. This means that we
can include more commodity disaggregation and more demographic variables
in our estimation, making the problem more interesting.

A further reduction in problem size to increase computer tractability
can be accomplished by concentrating the likelihood function. If there

exist no_constraints on Zn and % these would be obvious candidates,

22
n(n+1) and (n+1) (n+2)
2 2

respectively, a total of (n+1)2. Maximizing the likelihood function with

enabling reduction of independent parameters
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respect to elements of Z_l we obtain I = ‘If € 'e and the concentrated

T/2

likelihood function L* = K | % € 'e|] " '°, where K= constant =

-T
(2n+1)
(2 )“f exp {-iT(2n+1)} .

Estimating Multilevel Demand Systems

We have seen how assuming some form of separability of the utility
function can aid in forming price indices which in general depend on
unknown parameters. A further property of weakly separable utility
functions is that conditional demand functions may be derived which
give quantity as a function of group expenditure and prices within the
group, with group expenditures being a function of all prices and total
expenditure, or income ( see Pollak, 1971b). This raises the possibility
of estimating our household-firm model using very aggregate commodity
groupings and then estimate within group expenditure equations. By
reversing the order of estimating one could possibly estimate the aggre-
gate price indices from within group expenditure systems. To do this
with theoretically plausible demand systems would require using in the
household-firm model a function exhibiting the required separability
attributes. This would rule out use of the QES. In addition, estimating
within group expenditure systems would entail having to deal with esti-
mation problems caused by some households not consuming any of certain
goods (more on this below). With these qualifications in mind, we discuss
some additional issues which would be involved in such multilevel estimation.

Muiltilevel systems of demand equations have been estimated by
Braithwaite (1977, 1980), Deaton (1975) and R.W. Anderson (1979) among
others. Fuss (1977) has estimated a multilevel system of input demand

equations. One major econometric problem stands out. When intra-group
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demand systems are estimated separately by maximum likelihood tech-
niques, there is an implicit assumption that disturbances on expenditure
equations within a group are independent of the disturbances for aggre-
gate group equations. Otherwise, the group expenditure variable in
the conditional demand equation will be correlated with that equatior's
disturbance. This is completely analogous to our result on estimating
the consumption subsystem separately from the production subsystem.

Even if the necessary independence of disturbances holds, there
are still problems, but manageable ones. We would like disturbances on
conditional demand equations for different groups to be independent if
we estimate systems for these groups separately. If t'his is not true and
we estimate the systems separately, our parameter estimates will be con-
sistent, but efficiency will be sacrificed. If we estimate within group
systems first and then use the resulting parameter estimates in the
aggregate model there is the question of deriving the statistical properties
of the resulting estimators given that we have estimated sequentially. We
have in a sense two subsystems, an aggregate model and a collection of
subaggregates. Assuming that disturbances of the two subsystems
are independent, unconditional maximum likelihood estimation would
still not be separate maximization of the two likelihood functions because
parameters in the aggregate model are combinations of parameters in
the within group systems. One could estimate the subsystems separately
and obtain consistent parameter estimates, but efficiency would be lost
because of cross equation parameter restrictions being ignored.

Theil (1974, 1975a,b) assumes that the covariance matrix of the error
terms on the disaggregated expenditure system is proportional to the

negative of the Slutsky substitution matrix. In his work he offers some
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suggestions as to why this might be a plausible assumption. [f we use
an LES, the iith element of the Slutsky matrix is —lRai(l—ai) (using our
notation), and the ijth element is %aiaj. This follows from the additivity
of the Klein-Rubin utility function (for instance, see Brown and Deaton,
1972). Suppose we have R groups. Using the LES we can form conditional
demand functions of expenditures within each group as a function of
prices within the group and of total group expenditure. Then we have
a set of equations relating group expenditures to group price indices
and to total expenditures, and separate sets of conditional expenditure
equations. Using Theil's assumptions regarding the distribution of the
error terms one can show that within group disturbances sum to zero for
each group, that within group disturbances from different groups are
independent, and that disturbances from every conditional demand equa-
tion are independent of disturbances from the across groups equations.
The operational significance of these results is slightly limited by the
fact that parameters of the across groups equations are combinations of
the conditional expenditure equation parameters. Hence, as mentioned,
asymptotical efficiency is sacrificed by maximization of separate likelihood
functions.

To see the foregoing results we write

(3.11) y® = p%c3+a’(y-z p°c®) + ES
s
where (3.11) is identical to (2.16) with E*= I e7 . Multiply 3.11 by
ies
3 /a® and subtract this from the expenditure equation for commodity i

and one obtains:

a. a.
_ i .S s _ Cigs _
(3.12) Py, =Ry + £ % TP C)+ef - ES W 5=l R
a jes a
a.
Let\[s=€§-—-lEs,
1 1 as

since a° = L a, clearly 5 V3= 0, V..
ics ics ! s
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a N
(3.13) E(v.'v.s)=of'.s-—'F r oS- L 5 TSl g e b
€

1 T a" der M 2% jes ' a"a® ier jes Y

S

(3.14) E(VE") = £ ol +L z off
i . ij r . . ij
jer a ier jer
1 1 3 1 1
=-a.(1-a.) --a, I a~-— I (g a.(l-a.)-ga, I a.)
K “i K i b oa der K “i i’ K g
jer jer
a,
1 1 i1 1 .r
=-—a.-=-4a, LI a.-—(zc L a.--a I a.)
KooK |er’ a" Kier' K ier !
S R [ S | LI
—Kai Kaia Kai+Kaia =0

Similarly, E(VirEs) = 0, r#s. Consequently, group expenditure, ys, can
be treated as predetermined in the conditional demand equations just as

profits are in the household-firm model with block independence.

Estimation with Censored Data

A potential statistical problem arises from the possibility that there
will be zeroes for some households for some expenditures or output
supplies. Clearly, the greater the level of aggregation the less likely
this will occur. Still it may show up, especially for output supplies,
for which households may specialize in more than for consumption. This
is a problem mainly for estimation purposes and only if there are numerous
zero observations. On the demand side if our utility function is U(X;.)
and our budget constraint y = Zpixf then allowing for corner solutions

i
we take Kuhn-Tucker conditions:
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(3.15) 3U/3 xf-xpiSo, xic (3 U/axic—xpi) =0, =1, ..., n+l

v p.XT 20, A(y—zipixic) = 0
X2
i

Hence, we do not consume X? if the marginal utility of the money to pur-
chase it is greater than the marginal utility of consuming it, when none
is consumed. Obviously, we must constrain the utility function to allow
for zero consumption, for instance, in the Klein-Rubin function zero
consumption of good i implies Ci<°' or else the function will not exist.
This raises a question if one derives a demand system from an indirect
utility function, e.g., for the QES case, does the direct utility function
which gives rise to it allow for zero consumption? Be that as it may
for estimation purposes the problem is that of the censored distribution,
or Tobit. 1f pX$2 0and if pXS=f(p,y) + ¢, then ¢ 2 -f(p,y). In
estimation, however, we assume € ~ N(O,Z). Clearly, the dependent
variable has its distribution piled up, or censored, at —fi(p,y) . The
expected value of the disturbances is no longer zero (giving rise to incon-
sistent estimators in the simple ols case). The usual solution would be
to let pin*= fi(p,y)+€i and pix;:: max (O,pin*) (assume no measure-
ment error). Our case is a bit more complicated than this because of
the budget constraint on the demand side. Assuming a theoretically
plausible demand system, we have .Z:pixf*= y or .Z:z:= }.‘.pixg:’.r ly=1. We
observe pix‘i: , however, and denot:ng share of g.ood i ;)y z, we must
have ?:zi =1, If z, = max (o,z:) and if some zi*s are negative,

! * *
this will not be so. Wales and Woodland (1978) normalize z, =z, Iz z.

S
) €}
= {i:z;>0} . They derive an extremely messy likelihood function

’

for the z; (with one share equation dropped). Basically, the function
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involves multiple integrals of probabilities under a multivariate normal
distribution, one integral for each zero observation per household, so
one household with three zeroes would involve one triple integral.
With many households (300-400) Wales and Woodland find computation
extremely expensive and so include only three expenditure categories.
For the household-firm model expense may well be prohibitive. Alter-
natively (Wales and Woodland, 1979), one can append errors to the
Kuhn-Tucker conditions and derive an appropriate likelihood function.

Of course, we have ignored measurement errors on our dependent
variable. To indicate the problem we examine the simple Tobit case.
Let y* = zR+c and y = max (0,y*), where y is the "true" variable. We
observe X = y+v. Since X can now be negative (a few of the consumption
observations are, see Chapter 4) there is no way to know which observa-
tions correspond to data at the point of censoring and which do not.

Estimation is hopeless without bringing further information to bear.
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CHAPTER &4

DATA: PREPARATION AND
SAMPLE CHARACTERISTICS

Sampling Procedure

The data were collected throughout rural Sierra Leone in 1974-75.
This was done as part of a large project under the leadership of
Drs. Dunstan Spencer and Derek Byerlee. That project was investi-
gating the employment and output effects of alternative development
strategies.

The sampling procedures are amply described elsewhere (e.g.,
Byerlee and Eicher, 1974; Spencer and Byerlee, 1977; King and Byerlee,
1977; Smith, Lynch, Whelan, Strauss and Baker, 1979). Very briefly,
the rural area was divided into eight agro-climatic zones. Within each
zone enumeration areas (EAs) were delineated and three were randomly
selected. Within each enumeration area, 24 households were sampled.
This set of households was visited twice weekly from March 1974 to
June 1975 (with some households dropping out of the survey for various
reasons). Data was collected on production and sales of commodities,
on labor use by activity, on prices paid and received, and so forth.
Roughly one-half of the sample was chosen randomly to participate in
a consumption expenditure survey. These households were interviewed
twice during one week in each month to record frequent purchases, and
once a month to record large, infrequent purchases. This was designed

to give purchase information for one week out of each month, as opposed
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to the production and labor use interaction which was collected weekly.
The recall periods for the consumption survey were four days, with one
of the days overlapping (See Lynch, 1980, for a detailed treatment of
the method and of the different results resulting from different
number of days recall). Of the 576 households in the production survey,
443 remained with reasonably complete data at the end. Households in
three enumeration areas were dropped because of enumerator failure or
dishonesty. Other households had to be dropped because of deaths,
movement or other factors. For the consumption survey 203 house-
holds out of 250 initially in the survey remained at the end (King and

Byerlee, 1977, p. 8).

Calculation of Quantity Data

Quantities of foods consumed annually were calculated for 128 foods.
Since this was a much more disaggregated list than that used by Byerlee
and Spencer, the calculations had to be computed from raw data. There
were two components of consumption; quantities consumed out of own
production and quantities purchased on the market. Quantities consumed
out of own production were estimated as a residual. Estimates of produc-
tion were taken as a starting point. From these quantities were subtracted
quantities sold, wages paid out in kind and seed use for rice (the only
commodity for which seed use data was available). Added were wages
in kind received and rice seed purchased. Net gifts and loans were not
accounted for. Change in storage from the beginning of the crop year
to the end of the crop year was assumed to be zero. This was necessary
because the beginning stocks data were not considered reliable by
Byerlee and Spencer. After the above calculations had been made,

commodities defined at different stages in production were grouped
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together to avoid double counting. Disappearances of the more processed
form of commodity were converted into units of the less processed form
and then subtracted from quantities available for the less processed
form. For instance, sales of rice flour were converted into cleaned

rice equivalents and then subtracted from availability for household

use of cleaned rice. Finally, having combined different stages of
production, a "guesstimate" of the fraction of availability lost in storage
was made for different crops and subtracted. Unfortunately, there are
no very reliable data on this. Some very sketchy evidence is available
from the National Academy of Sciences (1978).

For rice two different estimates were prepared. One used rice
paddy production as measured by field cuttings. This was considered
to be the most reliable production estimate by Byerlee and Spencer
and is the one used (converted into clean rice equivalent) when esti-
mating the system of output supplies and labor demand. However,
reported sales of rice are considered by Byerlee and Spencer to be
understated. If this is so, subtracting a low sales estimate from a
good production estimate will leave a high availability estimate. An
alternative measure was provided by measuring the production of
cleaned rice, a later stage of processing, and subtracting disappearances
from that. Most sales of rice are made before it is cleaned so
beginning with this stage of production hopefully avoids much of the
underreporting of sales. A possible problem with this measure is that
the production of cleaned rice may be somewhat understated. Rice is
cleaned fairly frequently and in small amounts so it may be easy for a

respondant to forget some of what was cleaned. When both availability
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figures were made and compared to the few other estimates of rice
consumption that exist, it was found that the measure using cleaned
rice production corresponded much better (see Smith, Lynch, Whelan,
Strauss, and Baker, 1979). Hence, the cleaned rice consumption
figure was used in the demand part of this study.

In deriving the annual figures for production and net disappearances
of foods, the same procedure was used for each component. This pro-
cedure was also used by Byerlee and Spencer in preparing their more
aggregate estimates. Computation was carried out for 328 households.l
First, the quantities were added for each month for each household.

At this stage local units were converted into four standardized units
using conversion factors supplied by Byerlee and Spencer. In general,
these factors came from actual weighings made in local markets. For
many households there was an incomplete accounting of the month.
Perhaps an enumerator was sick, etc. If less than 16 days per month
were accounted for the month was considered to be missing. If missing
days numbered less than 16 the incomplete monthly totals were divided
by the fraction of the month covered to arrive at a monthly total (the
number of days missed were available for each month and for each
household) . Figures for missing months, in almost all cases two or less,
were estimated by a procedure outlined in King and Byerlee (1977,

PP. 73-75). The procedure assumes that the monthly distribution of a

household's consumption is identical to that of other households in the

lThe remaining households in the set of 443 were considered by
Byerlee and Spencer to be unfit for income analysis. Usually this was
due to inadequate production data.
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same agro-climatic zone. Indices representing the proportion of
annual consumption for the zone that occurred in each month were
constructed from the non-missing data. These indices were calculated
for 17 aggregated commodity groups. Using such a level of aggregation
allowed the averaging to take place over a sufficient number of house-
holds to provide a meaningful average for the region. The indices for
the missing month(s) were subtracted from unity and the result
divided into the sum of the particular household's quantities for the
good months. That is, the household's incomplete annual figure was
divided by that proportion of annual consumption which takes place in
the months for which the figures correspond, by an average household
in the particular region. The resulting annual figures were then con-
verted into kilograms.

These figures were then edited in a few instances for extremely
large positive and large negative observations, taking into account
household size and household income in the editing process.

Quantities of foods purchased were constructed in the same way.
The day of overlap was removed, the figure coming from the shortest
recall period being used. Monthly data were used only if data were
available for at least three of the seven days for which data were
collected. Households were dropped if they had less than six months
of useable data. Monthly household totals were constructed by dividing
the incomplete monthly data by the proportion of days in the month
for which the household had reported. Missing months were filled in by
using the same indexing procedure as was done for consumption out of

home production.
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Quantities of foods purchased were only calculated for households
which were in the good production sample and which met the criterion
of having at least six good months of data. There were 140 such
households.

Values of foods consumed were calculated by multiplying consumption
out of home production by farm gate sales prices and adding that to the
value of foods purchased, using purchase prices to make the latter
calculation. This was done for each of the foods and these values were
then added into the appropriate commodity groups. Valuing consumption
out of own production at farm gate price implies this is the relevant
opportunity cost; that is, the item could have been sold. This will not
be strictly true for every household but it will be true for many. For
some households, which are net purchasers, one could argue that they
value consumption out of own production at purchase price providing
that qualities of foods from own production and from the market are equal.
In the limit this approach would value foods differently for each household
and would run into serious problems of the resulting prices being
endogenous to the household-firm model, as we shall see in the section
on prices. Alternatively, we could argue that there are some quality
differences between foods consumed out of home production and foods
purchased. The latter after all have embodied in them certain services
provided by persons in the market system. From this point of view the
two sources of foods ought to have different prices and farm gate
price and purchase price are the two best estimates available.

Value of nonfood consumption was taken as the sum of values pur-
chased and values produced less values sold. Again, the former use

purchase prices and the latter two sales prices. This had previously
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been computed for use in King and Byerlee (1977) and values were
taken from that study. Of the 140 households having complete food
consumption data two did not have nonfood expenditure information
and so were dropped. This left 138 households, our final sample size.

Values of production were derived by multiplying quantities pro-
duced by farm gate sales price, and then added into the appropriate
groups. Production of raw products was used; processed product
production was not added in order to avoid double counting. For example
for fish, only estimates of fresh production were used. Production of
dried fish was not added to that.

Household labor supplied was measured in terms of male equivalents.
Spencer and Byerlee (1977) found that wages for females over 15 were
.75 of wages for males over 15, and children aged 11-15 had wages .5
of male adult wages. Under the assumption that relative wages reflect
relative marginal productivities, hours of labor supplied were weighted
by these factors and then summed. Labor supply includes work on all
agricultural and nonagricultural activities in the household, plus labor
sold out. It excludes such activities as food preparation, child care
and so forth. The variable was derived by summing the weighted hours
worked by all persons on these activities, and subtracting weighted
hours worked by hired laborers.

Labor demanded by the household was estimated in the same way as
labor supplied, but hired labor was included and labor sold out and
labor used in processing agricultural products were excluded. The
latter was excluded because processed agricultural products were not

included in the production measures to avoid double counting.
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Calculation of Prices

Sales prices and purchase prices were calculated separately for
each food commodity. The prices were calculated for each of the eight
agro-climatic regions. Prices were available for each transaction a
household made. In principle, we could have calculated prices for each
of the 138 households. This would have created serious statistical
problems. Assume that every household in a region faced the same set
of sales and purchase prices. Still, different households have different
demographic characteristics and different amounts of land and of capital.
Hence, even with a common utility function, different households would
buy and sell foods at different times of the year. Since prices will have
a seasonal movement, calculating an average price for each household
would result in those averages being different for each household, even
though the households actually faced the same set of prices. The source
of the different prices would be different household behavior. That is,
prices would be endogenous to the household-firm model we use to
explain household behavior. To then use these prices in estimating a
system of demand equations would result in inconsistent parameter estimates
since these "independent" variables would be correlated with the distur-
bances on the equations. It is in order to avoid this problem that we
average prices of transactions across households. Region was chosen
instead of enumeration area as the definition of market area because it
was feared that the latter might be too small. Also, region is the area
used by Byeriee and Spencer when they compute their prices.

Sales prices were calculated using the production sample of 328
households. Since the production and sales data for those households

were considered useable by Byerlee and Spencer, it seemed to be unwise
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to throw out the information provided by those households not in our
final sample of 138. The prices were calculated as total value of sales
in a region divided by total quantity of sales in the region. All prices
are in Leones per kilogram. Purchase prices were calculated in the
same manner using only the smaller sample of 140 households. Sales
and purchase prices were averaged to obtain a single average con-
sumption price for each of the 128 foods. The weights used were the
proportion of the value of total consumption (from purchases and from
home production) in the region represented by the value of either con-
sumption out of home production or of consumption from purchases.
That is, the value of total consumption was added over households in
a region; this was the denominator of the weight. Values of consumption
from home production and from purchases were added separately across
households in a region; these were the numerators of the weights.
Hence, the weights were regional as were the prices. Prices of the
128 commodities were then aggregated into the appropriate groups,
again using the proportion of value of group consumption represented

by each component as the weight. Algebraically we have

@ poog (oL Yie
y i v Pijs TV Tije

where PiE regional price of group i, PijS

pijPE purchase price of food j in group i, ViE value of total consumption

=sales price of food j in group i;

in the region for group i; Vin =value of consumption out of home pro-
duction; ViiPEvalue of consumption from market purchases. These are
the prices used in estimating the quadratic expenditure system. The
average was arithmetic not geometric. The latter is appropriate for

estimating a translog system but the former is appropriate for estimating
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a linear expenditure system, which is a special case of the QES. As
seen in Chapter 2, the QES is not separable so perfect price aggregators
such as used by Anderson (1979) are not possible.

Farm sales prices for the 128 foods were aggregated into the same
groups as the weighted sales and purchase prices were. In this case
the weights were the proportion of value of regional sales for the group
represented by each of its component foods. The weights were cal-
culated using the large production sample of 328 households. These
were the prices used in estimating the system of output supplies and
labor demands. There is room for disagreement as to whether these
weighted sales prices or the weighted "consumption" prices used in the
QES estimation ought to have been used on the production side. On the
one hand, the household-firm model does not distinguish between the
two prices, indeed it assumes they are equal. From this point of view,
we should use the same set of prices for each component of the mo_del.
However, looking at the dichotomous nature of the model, we first
maximize short run profits subject to a production function. If this
were done as a separate study sales prices are the appropriate ones to
use.

Nonfood sales prices by region were available from the earlier work
of Byerlee and Spencer. Nonfood purchase prices were not available.
In deriving them we could not use the same procedures as were used
for foods. The same item was often purchased in several different
units. For foods a great deal of effort was expended by Victor Smith
and William Whelan in obtaining conversions into a common unit, kilograms,
but this was not done for nonfoods. However, we did have values of

nonfood purchases. These had been used by King and Byerlee. We
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took categories of nonfoods representing the bulk of expenditures on
nonfoods. These were tobacco products, fuel and light, clothing,
imported cloth and transport. Within each of these categories, we found
one item which was the most important. These were cigarettes, kerosene,
jongs (a local term used for clothing), imported cloth, and lorry rides.
For these items it turned out that transactions were predominately in
one unit, though different for different items. Average prices, by
region, for these specific commodities in the specific unit were taken
to represent prices for the particular group. These prices were combined
into a nonfoods purchase price by weighting them by the proportion of
value of regional nonfood purchases represented by purchases on all
items in the group. The purchase and sales prices were then combined,
again using proportion of value consumed as weight. Hence, the quantity
unit of nonfood price is a hodgepodge of different units.

Wage was taken directly from Byerlee and Spencer's earlier work.

It is expressed as Leones per hour worked for males over 15 years old.

Calculation of Production Inputs

Land is measured as total land area cropped, in acres. It includes
land in perennial as well as annual crops. It is a simple sum of acres.
No weighting to reflect different qualities (for example of swamp and
of upland lands) was made because no such data were available.2 For
a very few households, data on this variable were missing. Since these

households had useable data for all other variables, they were not

2The rental markets are very thin and rental prices reflect a house-
hold's standing in the community as much as the economic value of the
land (Spencer and Byerlee, 1977, pp. 21-24).
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not dropped. Byerlee and Spencer had classified households into many
different farm types. From the production sample of 328 households
we computed average land-labor use ratios for each farm type. Knowing
the farm type and the labor use for these households we were able to
estimate total land cropped.

Capital is measured as the value of its flow. For variable capital
this represents no problem. However, variable capital for our sample
is minuscule, mostly rice seed. Only a very little fertilizer is used
and a little machinery hired, and these were added into the total.
Since there are some values for variable capital, which is a flow, it
was necessary to convert the stock of fixed capital into the equivalent
flow in order to add the two. This raises many problems, but followed
the lead of Spencer and Byerlee (1977, p. 46). In their work they
used the formula

4.2 k=—Y
1-(1+r)

where K=annual service user cost, V=acquisition cost of capital,
n=expected life of capital in years. In a perfect market the acquisition
cost of the asset equals the discounted sum of its annual flows. Assuming
the annual flows to be constant in real value, and assuming the flows
start in year one, we obtain equation 4.2. Byerlee and Spencer use

a discount rate of .1 and expected lives that were different for different
types of capital (Spencer and Byerlee, 1977, pp. 47-48). The types of
capital included are farm tools, animal equipment (includes fishing
equipment), nonfarm equipment, livestock and tree crops. The
coefficients ————— used are 1/5, 1/6, 1/13, 1/3.8, and 1/30

-(14r) "
respectively.
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Ethnic Group

Household characteristic variables require little special comment
on their preparation save the ethnic group of the household head.
This variable was derived from two sources. For about half of the
138 households used in the analysis there was direct observation. From
these it was apparent that within an enumeration area virtually all
households were of the same ethnicity. As a check we had from the
1963 census (the 1974 census results were not available) the numbers
of people by ethnic group living in each Chiefdom (an administrative
unit that can be matched to our enumeration areas). The census was
checked to see whether the dominant ethnic group within a Chiefdom
was the same group shown by the data available from our sample. In
all cases the groups matched. For those few enumeration areas for
which there was no ethnic information from the sample, the dominant
group as reported in the census was used. There was one Loko house-
hold, from enumeration area 53, in our sample. This was grouped with
Mende households, the dominant group in the sample, because they were
the second largest group within that enumeration area. The two other
ethnic groups represented in the final sample of 138 households were

Temne and Limba.

Commodity Definitions

The commodity definitions used in the study are given in Figure 4.1,
The groupings represent a compromise between the number of commodities
and the number of demographic variables to be used in the QES. With
seven commodities and no demographic variables there would be 20

parameters to estimate. Adding a demographic variable adds seven



58

Commodity-

Subgroup No.

Components

Rice

Root crops and 2

other cereals

Root crops

Other cereals

Oils and Fats 3

Fish and animal &

products
Fish

Animal products

Miscellaneous 5

foods
Legumes

Vegetables

Fruits

Salt and other
condiments

Kolanut

Nonalcoholic
beverages

Alcoholic
beverages

Nonfoods 6

Household labor 7

Cassava (including gari, foofoo and cassava
bread), Yam, Water Yam, Chinese Yam, Cocoyam,
Sweet potato, Ginger, Unspecified

Benniseed, Fundi, Millet, Maize (shelled),
Sorghum, Agidi, ! Biscuits (Natco)!

Palm oil, Palm kernel oil, Palm kernels,2 Groundnut
oil, 1 Coconut oil, Cocoa butter, Margarine,!
Cooking oil, 1 Unspecified!

Bonga (fresh), Bonga (dried),' Other saltwater
(fresh), Other saltwater (dried),! Frozen fish,!
Freshwater (fresh),1 Tinned fish!

Beef, Pork,! Goats and sheep (dressed), Poultry
(dressed), Dear (dressed), Wild bird (dressed),
Bush meat (dressed), Cow milk, Milk (tinned), !

Eggs, Honey bee output, Unspecified!

Groundnuts (shelled), Blackeyed bean (shelled),
Broadbean (shelled), Pigeon pea (shelled),
Soybean (shelled), Green bean (in shell),
Unspecified (shelled)

Onions, Okra, Peppers and Chillies, Cabbage,
Eggplant, Greens, Jakato, Pumpkin, Tomato,
Tomato paste,‘ Watermelon, Cucumber, Egusi,
Other

Orange, Lemon, Pineapple, Banana, Plantain,
Avocado, Pawpaw, Mango, Guava, Breadfruit,
Coconut, Unspecified

salt, ! Sugar, 1 Maggicubes, ! Unspecified!

Coffee, Tea,! Soft drinks (bottled), ! Ginger
beer (local)1

Palm wine, Raffia wine, Beer (Star and Meineken),I
Omole, ! Gin (local), Liquor (Rum, etc.)!

Clothing, Cloth, Fuel and light, Metal work,
Woodwork, Other household and personal goods,
Transport, Services and ceremonial, Education,
Local saving, Tobacco products, Miscellaneous

All farm and nonfarm production and marketing
activities (for labor demand, work on processed
agricultural products excluded), Labor sold out.
Excludes household activities such as food
preparation, child care and ceremonies

'Commodity is not included in production figures for use in estimating
system of output supplies and labor demand either because it is only
purchased or because it is a more processed form of a commodity

already counted.

2Not included in consumption data but included in production data.

Figure 8.1

Components of Commodities
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parameters to be estimated and adding a variable to model the total
time available adds another parameter. One demographic variable
would probably mean using only household size but ignoring its
composition. This does not seem to be a good strategy. Yet using
more commodity groups would force some such compromise. On the
other hand, the grouping we have used involves an extremely hetero-
geneous mix for miscellaneous foods. In principle, it would have been
nice to separate legumes (mostly groundnuts) from fruits, vegetables
and the other components of miscellaneous foods. Nutritionally, legumes
are high in protein relative to the other components and also high in
calories. Root crops (largely cassava) and other cereals (mostly
sorghum) are also quite different nutritionally, especially in protein
content. Yet if we use the economic criterion of grouping close sub-
stitutes and/or close complements root crops and other cereals probably
meets that reasonably well. Rice is kept separate because it is the
most important staple and because the government does have rice
programs if not rice policies.

The other factor besides keeping the number of parameters to be
estimated to a reasonable number was keeping the number of nonconsuming
households for the groups to a very small number. In Chapter 3 we
noted that zeroes in our dependent variable cause inconsistent para-
meter estimates, with the problem being small if the number of zeroes
is small, and large if nonconsuming households are numerous. The
methods for correcting for this were seen to be quite involved and
extremely expensive. Hence we aggregated with this in mind. For
example, this was a major consideration in grouping root crops with

other cereals. Our final groupings have seven households not consuming
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root crops and other cereals and five not consuming oils and fats.
All other groupings have no nonconsuming households. There are a
few negative observations using our grouping, mostly in the groups
for root crop and other cereals and oils and fats. These reflect errors
in our data but are left in. As noted above, large positive and negative
outliers were edited. Presumably there are also errors of overstating
consumption left in our data. However, there is no basis for knowing
which observations they are. As long as the average error is zero our
statistical estimates will be consistent, since these are errors in dependent
variables. To edit further by eliminating only the negative estimates
would risk making the average error positive, leading to inconsistent

estimates. Hence, this was not done.

Sample Characteristics

In viewing the characteristics of our sample and the results of
estimating the household-firm model it will be useful to look at not only
the sample means but also the means of households by total expenditure
groups. Governments have begun to be interested in what happens to
different income groups, particularly when they are concerned with
nutritional issues. For our purposes we divide the sample into three
groups: households spending under 350 Leones; those spending
between 350 and 750 Leones; and those spending more than 750 Leones.
To get an idea of how poor these households are note that the annual
per capita expenditures in 1974-75 U.S. dollars are $54, $88 and $136
respectively for the low, middle and high expenditure groups. For
the capital city, Freetown (which was sampled for a migration component

of the original study) when divided into three groups, the average
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income of the middle group is $153. Hence, even our "high" expenditure
households are quite poor both when compared to urban Sierra Leone
and to other countries.

The sample characteristics of the variables appearing in the quadratic
expenditure system are reported in Table 4.1 (for a more complete statis-
tical description see Smith, Lynch, Whelan, Strauss and Baker, 1979).
Expenditures on all commodities and the value of labor supplied increase
with the expenditure group. As one can see from Table 4.2 rice com-
prises the largest average share of total expenditures for foods. The
low share of expenditures on nonfoods, .33 at the sample mean, is a
further indication of the poverty of these households. Household size
rises with the expenditure group. Children under 10 as a proportion
of total size is smallest for low expenditure households and largest for
the middle expenditure group.

The production characteristics of these expenditure groups are
reported in Table &4.3. Rice is the most important crop in value though
its importance as a proportion of total value output diminishes for the
high expenditure group. In general, value of production and of labor
demanded increases with the expenditure group. Land area cropped
does not change a great deal between expenditure groups, but value
of capital flow jumps for the high expenditure group. The reason for
this, and for the declining importance of rice for this group is the
presence of nine households from Enumeration Area (EA) 13 in this
group. These are commercial fishermen who also grow and sell a large
amount of vegetables to the Freetown market. In their production

characteristics they are quite different from the rest of the households,
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Table 4.1

Mean Values of Consumption Related
Data by Expenditure Groupl

Expenditure Group

Variable Low Middle High Mean
Expenditures2
Rice 58.2 125.2 262.9 146.7
Root crops & other cereals 10.7 32.4 147.4 61.3
Oils and fats 19.2 37.2 122.8 58.1
Fish and animal products 30.6 61.9 118.3 69.5
Miscellaneous foods 28.0 65.8 99.0 64.1
Nonfoods 90.0 190.1 324.0 199.9
Value of Household Labor 306.4 361.8 530.1 396.5
Prices3
Rice .25 .23 .27 .25
Root crops & other cereals .36 .66 .63 .55
Oils and fats .73 .62 .66 .67
Fish and animal products .62 .60 .39 .54
Miscellaneous foods . 56 .58 .60 .58
Nonfoods .62 .64 .75 .66
Household labor .08 .08 .09 .08

Household characteristicsu

Total size 4.8 6.4 8.7 6.7
Members under 10 years 1.2 2.1 2.7 2.0
Members, 11-15 years .5 .7 1.1 .8
Males over 15 years 1.7 1.8 2.6 2.1
Females over 15 years 1.4 1.8 2.3 1.8
Proportion Limba or Temne .45 .29 U4 .39
Proportion northern .43 .25 .40 .36
Number of households 4y 51 43 138

1Households in the low expenditure group are those with total expendi-
ture less than 350 Leones. Households in the middle expenditure group are
those with total expenditure between 350 and 750 Leones. Households in the
high expenditure group are those with total expenditure greater
than 750 Leones.

2In Leones. One Leone = U.S. $1.1in 1974/75.

3Weighted average of sales and purchase prices. In Leones per
kilogram for foods and per hour of male <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>