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A Subjective Equilibrium Approach to the Value
of Children in the Agricultural Household

PAN, A. YOTOPOULOSand YOSHIMIKURODA*

A Philippine sample of agricultural households is studied by a subjective equilib-
rium model which also accounts for the household's demographic structure. The model

becomes a potent tool for integrating the economic and demographic behaviour of the
household, since issues such as the value of children can be approached in a utility maxi-
mization framework and furthermore, such values can be causally related to the variance

in measured fertility among different households (or socioeconomic groups). For exam-

ple, the low marginal productivity contribution of children in tenant (and small farm-size)
households, along with the low fertility control that prevails there, has been combined in
confimling the inverse-fertility-endowments hypothesis, which in this instance is based

on labour-market failure in periods of peak agricultural labour demand. On the.consump-
tion side, on the other hand, the demand for leisure and for other commodities is consis-

tent with the higher valuation of children, and thus higher fertility, in tenant (and small

farm-size) households, as compared to owner (and large farm-size) households. The policy
inlplications of such fmdings from a household equilibrium model are rich.

I. INTRODUCTION

The interest in linking economic to demographic behaviour has been intense
and time-honoured, dating at least as far back as Malthus. The agricultural house-
hold, by virtue of the fact that it is the locus of the production, consumption and
reproduction (or fertility) decision, has been a convenient testing ground of a priori
notions integrating demography and economics.

.Two operational approaches have been used in integrating households' demo-
graphic and economic behaviour. One extends the new theory of household eco-
nomics developed by Becker (1965) and Lancaster (1966, 1971). Children are
treated as consumer's durables and are included in the household utility function.
Maximization yields the derived demand functions for children, as well as for the
other arguments of the utility function. These reduced-fonn demand functions are
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functions of the exogenous variables such as commodity prices, wage rates, head of
household's and wife's educational levels, and asset income. By estimating these
demand functions, researchers have quantitatively discussed the factors which affect
the fertility behaviour of the household [Rosenzweig (1977), Torres (1978) and
De Tray (1979)] .

The second research direction adopts a more naive approach for linking the
demographic and economic behaviour of the household. It makes fertility a function
of the net benefits of children. Net benefits are defined as the net economic (pro-
ductive) services of children less the costs of having children [Cain (1977), (1978);
Cain and Mozumder (1980); Repetto (1976) and Mueller (1976)] .

This study proposes to integrate the two research approaches that have been
prevalent so far. The model of the subjectiveequilibrium of the household is extend-
ed to include both production and consumption behaviour and to account for the
household's demographic structure (age-sex composition, education, etc.). Child
labour is considered an endogenous variable on the production side. In this manner
the contributions (benefits) of child labour to the agricultural household are directly
measured. Moreover, we derive by the duality theorem the profit and factor demand
functions. We then estimate explicitly the child labour demand function together
with the other variable factors of production, including the adult labour demand
function and the output supply function.

The production side becomes an important component of the budget con-
straint of the household that enters the consumption side. Utility maximization
yields the leisure demand functions (conversely the labour supply functions) of adult
and child workers along with the demand functions for the other arguments in the
utility function. The elasticities estimated from these functions are used to analyze
the effects of the exogenous variables, such as the prices of commodities and the
wage rates of adult and child labour, on the household's demand for child leisure and
conversely their impact on the supply of labour to agricultural production. In
addition, the number of children appears as an exogenous variable in the consump-
tion demand functions. Thus, we may analyze the effect of an increase (or decrease)
in the number of children on the household's demands for adult and child leisure and
for commodities.

The major hypotheses based on the above-described model of the subjective
equilibrium of the agricultural household are formulated particularly around the
demand for and the supply of child labour. We focus on the economic value of
children and we examine how that differs among socio-economic groups that were
observed to have distinctly different fertility behaviour - such as owner and tenant
farmers and large and small-sizefarms.

Section 2 sets out the subjectiveequilibrium model as modified to account for
households' economic characteristics. Section 3 presents the econometric specifica-
tion of the model, based on the profit function for the production side and the linear

logarithmic expenditure system for the consumption side. Section 4 describes the
data for this study which were collected in a special survey organized by one of the
authors in the Northern Mindanao Island of the Southern Philippine Archipelago.
Sections 5 and 6 give, respectively, the results of the production and the consump-
tion side. Section 7 is the summary and conclusions.

2. THESUBJECTIVEEQUILIBRIUMMODEL

I

,I

'/
I

I
i

I
I

The analysis of fertility behaviour has been enriched in the years since Becker
(1965) and Lancaster (1966, 1971) developed a new theory of household economics.
In this new approach to consumption theory, the consumption activity ofthe.house-
hold is regarded as a production process where time and purchased goods are com-
bined to produce "commodities" which yield utility. The number and the "quality"
of children (Willis1973), or the "child services" which are simply a product of the
number and quality of children (De Tray 1973), are regarded as durable goods which
produce "utility" or "satisfaction" to the parents. This utility or satisfaction is con-
sidered as the "value of children".

In agricultural households in LDCs children often make a direct contribution
to production, as was stressed by T. W. Schultz (1973, 1974), besides their contribu-
tion of providing satisfaction to their parents. The participation of children in agri-
cultural production activities, starting as early as the tender age of six, is often im-
pressive. Children participate in the labour market for certain farming activities.!
In such cases, the direct contribution of children to the production process may be
an important economic factor determining the fertility behaviour of the household.2

Even more important is that the economic value of children can be measured directly
in such cases, as opposed ,to the indirect contribution of children to the parents'
utility, which can only be conjectured.

On the consumption side, the number of children is introduced as an exoge-
nous variable. In this formulation, although we cannot estimate the demand func-

tion for children, we can still analyze at least indirectly the effect of an increase (or
decrease) in the number of children on the agricultural production, the demand for
home-produced agricultural products and its complement, the supply of marketed
surplus.

The formal subjective equilibrium model of the household which underlies our
analysis is ~ow presented. The point of departure from other similarmodels3 which

'For example [see Mueller (1976); Cain (1977, 1978) and Cain and Mozumder (198U»).
The Mindanao Survey provides additional evidence of that.

2In their household time-allocation model for rural India, Rosenzweig and Evenson (1977)
explicitly take into account the economic contribution of children in agricultural production.

3See for example Hymer and Resmick (1969) for India, Barnum and Squire (1979, 1980)

I
for Malaysia, Lau, Lin and Yotopoulos (1978) for Taiwan, and Kuroda and Yotopoulos (1980) forlanan
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are based on the subjective equilibrium of the agricultural household is the explicit
introduction of child labour in the agricultural production function.4

Given our interest in the age/sexcomposition of the household, we distinguish
three categories of family members: (i) adult members older than 16 years of age
who engage in agricultural production activities; (ii) dependents, Le., children and
adults who do not engagein any production activities; and (lii) the working children,
between 6 and 15 years of age, who may also engage in agricultural production
activities.

Furthermore, we introduce two categories of consumer goods: own-produced
agricultural commodities and purchased consumer final goods. In addition, the
household composition enters parametrically the household utility function.

The utility function of the agricultural household can now be written as

u= U(;?:1,Z2,Z3,A, C;01,02,03) (1)

where

Zl = leisure time of adult workers;
Z2 = leisure time of child workers;
Z3 = leisuretimeof dependents;
A = amount of consumption of own-produced agricultural commodities;
C = amount of consumption of purchased consumer final goods;
01 = the numberof adultworkers;
02 = the numberof childworkersagedbetween6 and 15;and
03 = the numberof dependentsincludingchildrenyoungerthan 5 yearsold

and old and retired family members.

The utility function is assumed to be well-behaved and to have the usual
properties.s

4 In developing a subjective equilibrium model for Indian agricultural households,

Rosenzweig (1981) has explicitly introduced child labour in the agricultural production function.
5The utility function given in Equation (I) is assumed to possess the following properties. (i)

It is a continuous, twice-differentiable, monotonically increasing function of the three kinds of

leisure, home-produced agricultural goods, and purchased consumer final goods, with the
numbers of the family members of the three different groups being exogenous variables. (ii) It is

quasi-concave (in Zl' Z2' Z3' A, and C) so that there exists an inner solution of equilibrium.
(iii) There exists non-increasing marginal utility for the three kinds of leisure (Z 1>Z2, and Z3)

and the two bundles of goods (A and C). (iv) No satiation level exists.

1-.
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On the production side, the agricultural household is assumed to face the fol-
lowingproduction function:6

Q=F(X1,X2,Xi;Kj)' i=3,...,m, j=I,2,...,n. (2)

where
Q = total amount of agricultural output;
Xl = adult labour time;
X2 = childlabourtime,ages6 to 15;
X. = variable inputs other than labour such as fertilizers and agri-chemicals,I

i = 3, . . " m; and
K. = fixed inputs such as capital and land,j = 1,2, . . " n./

It is assumed that competitive markets exist for adult and child labour as well
as for the other variable inputs and agricultural output. This assumption was vali-
dated by the Survey. However, substitution between adult and child labour is
assumed to be imperfect, but family and hired labour are perfectly substitutable
within each category. The agricultural household consumes part of the own-
produced output and sells the rest. It alsopurchases and sellsvariable factors of pro-
duction, including adult and child farm labour. It is assumed that both output
marketed and consumed, and inputs purchased and sold are homogeneous and
perfectly substitutable. With this assumption there exists for each household only
one price for output and one price for each input.

The time constraint of the agricultural household is:

For the adult workers in the household,

(i) 01Zl - Z l =xf1'

for the child workers,

(ii) 02Z2 - Z2 = xt,

and for the dependents,

(Hi) 03Z3-Z3=Q,

6The assumptions made for the production function are as follows; (i) It is strictly non-
decreasing, continuous, and twice-differentiable function of two kinds of labour, other variable

inputs, and fixed inputs. (ii) It possesses diminishing marginal products with respect to all inputs.
(iii) It is strictly quasi-concave so that the unique output supply and factor demand functions
may be derived.
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where

z. = the quantity of the maximum leisure per family member in eachI
category;

X{ = the total family labour time ofthe adult workers; and

x{ = the total family labour time of the child workers.

that the household paid or received for hiring labour. In other words we assume that

competitive markets for both adult and child labour exist.
Since (alZ 1 - ZI) =X{ and (a2Z2 - Z2) = X{, the first threetermsof Equa-

tion (5) can be rewritten as,

The total adult and child labour time on the farm is givenrespectively as,
P Q - q' (Xf + Xh + Xe) - q' (Xf + Xh + Xe) - ~ q!X. + q' Xf

A 1 I I I 2 2 2 2 i=3 I I I 1

XI =(aIZI -Zd+~ +X~ =X{+X~+X~, (3)
+q' xf2 2 (6)

X 2 = (a2Z 2 - Z 2) + X~ + X~ =X{ + X~ + X~, (4)

= P Q - q' (xh + Xe) - q' (Xh + Xe) - ~ q'X
A I 1 2 2 2 2. i=3 i i"

m -
(PA Q -q; Xl - q~X2 - .L q;Xi) + q~ (aiZ I - Zd1=3

(5)

That is, although the labour costs related to the family labour are, in our
model, explicitly treated as part of variable costs in the firm's agricultural produc-
tion, they are in fact implicitly treated as an important source of family income. This
implies that although family labour is employed in the self-managementof the firm
as unpaid labour, it is assumed to yield wage income to the household as evaluated
by the market wagerates.

The agricultural household is assumed to maximize utility subject to con-
straints. By following Becker (1965), we can solve for maximization of the house-
hold utility function given in Equation (1) subject to the income constraint givenin
Equation (5) which includes the production function constraint given in Equation
(2) and the time constraint given in Equation (4). A Langrangianmultiplier method
used for the maximization yields the following first-order conditions:

where
X h -

I -
X e -

I -
X h -

2 -
X e -

2 -

the net of hired-in adult labour time;
the net of adult exchange labour time;
the net of hired-in child labour time; and

the net of child exchange labour time.

Finally, the total income and expenditure constraint may be givenas follows;

, -
+ q/a2Z2 - Z2)+ fA =PAA + PcC'

where

PA = agricultural output price;
q; = agricultural wagerate for adult labour;
q~ ::: agricultural wagerate for child labour;

q; = price of the ith variable input other than labour, i = 3, 4, . . ., m;

fA = non-labour asset income; and
Pc = price of a Hicksiancomposite of purchased consumer final goods.

au*
az = Uz - Xq' =01 I I '

(7)

UZ2 - Xq~ =0, (8)

U -0=0
Z3 ' (9)

UA - XPA = 0, (10)

The first term on the LHS of Equation (5) represents the farm non-labour
income of the agricultural household which accrues to fixed inputs such as entrepre-
neurship, capital equipment, and land, after subtracting the costs of variable inputs
from the total value of output. We define this as the farm profit of the agricultural
household. The second and third terms on the LHS are the total wageincome accru-
ing respectively to the adult and child labour in the household. In this case, we
impute to unpaid family labour in each category the respective market wage rates

Uc - XPC = 0, (11)

PAFXI -q~ =0 (12)

PAFx2-q~=0 (13)

PAFX.-qi=O,
I

i = 3, 4, . . ., m, (14)
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m -

(PAQ-q:XI -q~X2 -.1: qiXi)+qi(aIZI -Zd1=3

+ q~(a2Z 2 - Z2) + fA - PAA - PcC =0, (15)

Q =F(XI, X2, Xi; Kj)' i=3, 4, .. "m, j = 1, 2,.. " n. (16)

The equations givenin Equation (7) through Equation (16) constitute a system
of (9 + m - 2) simultaneous equations in the endogenous variables, Zl, Z2' Z3, A, C,

Q, Xl, X2, Xi' and A (i=3, 4,. .., m). The exogenousvariables in the system are q~,

q~, PA' PC' Kj' fA' aI, a2,anda3(j= 1,2 '. "n). Sincethenumberoftheendoge-
nous variables is equal to the number of equations, (7 + m), the system of simul-
taneous equations can be solved for the equilibrium values of the endogenous
variables.

However, equations givenin Equations (12), (13), (14), and (16}may be solved

jointly for the equilibrium values of Q, Xl, X2, and Xi (i= 3,4, . . ., m), givenq~/PA'
q~/PA' qiPA (i=3, 4, . . " m), and Kj (j = 1,2, . . ., n), without reference t6 the other
equations in the complete simultaneous equations system. Given competitive mar-
kets for labour, Sasaki and Maruyama (1965) and Jorgenson and Lau (1969) have
shown that the production behaviour of the agricultural household is completely
independent of the consumption choice. That is, given the agricultural labour wage
rates as well as the prices of the agricultural output and the other variable inputs, the
agricultural household as a firm first chooses the level of production which maxim-
izes its profit. Then, it assignsthe maximized profit as the agricultural non-labour in-
come to the consumption side of the household.

Using this agricultural non-labour income together with income that may
accrue from other sources, the agricultural household is now assumed to behave so as
to maximize the household utility. In this manner, the agricultural household model
in the present study is separable for the production behaviour and the consumption
behaviour in that the production choice is completely independent of the consump-
tion choice but the latter in turn depends on the activities of agricultural production
in the form of profit. That is, the system is "block-recursive" (Jorgenson and Lau
1969).

In sum, the behaviour of the agricultural household in our model may be
considered in two stages: at the first stage, the agricultural household as a firm maxi-

mizes its profit and determines the equilibrium quantities of xi, X~, and X7 (i = 3,
4, , . ., m), and Q* and hence n *. At the second stage, the agricultural household
behaves as a utility maximizer with the agricultural non-labour income (Le., the
maximized profit, n *) and the income from other sources being the budget con-
straint. That is, subject to the budget constraint Equation (15)in its rewritten form,

* - -
n =q:(aIZI-Zd+q~(a2Z2-Z2)+fA -PAA-PcC=O (17) L - 0."
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the agricultural household behaves so as to maximize the utility in Equation (1) and
determines the equilibrium quantities zt, zi, Z:, A *, and C*. Giventhese equilib-

rium quantities, the maximum level of utility of the agricultural household can be
attained.

The reduced-form functions for the equilibrium of the agricultural household
on the production side are written as follows:

(i) The profit function,

n* = n*(PA' q:, q~, qi, Kj)' i=3, . . " m, j= 1, . . ., n, . . ,(18)

(ii) The labour demand functions,

X * - X *
(P , I ' K ) '- 3 '- 1

I - I A' ql' q2' q i' j' z- ".., m, j- ". " n, ,.. (19)

X *- X *
(P , , ' K) '- 3 '- I

2- 2 A,ql,q2,qi' j'Z- ,...,m,j- "."n, . . ,(20)

(iii) The demand functions for the variable inputs other than labour,

X *- X *
(P I I ' K)

'- 3 '- 1i- i A,ql,q2,qi' j'Z- ,...,m,j- ,...,n. ... (21)

Simultaneous estimation of these reduced-form equations will give us the
reduced-form elasticities of the profit and the demand for labour and the other vari-
able inputs. Note here that we explicitly estimate the demand function for child
labour given in Equation (20). This provides an estimate of the benefits from chil-
dren which are among the determinants of the agricultural household's fertility
decisions.

On the consumption side, the reduced-form functions are givenas:

Zl =ZI(q:,q~,PA,PC,n*,fA;al,a2,a3)' (22)

Z2 =Z2(q;. q~, PA' PC' n*.fA ;al, a2, a3)' (23)

Z3 = Z3(q~, q~, PA' PC' n*, fA ;al> a2, a3), ... (24)

A =A(q~, q~,PA' Pc' n*.fA ;al>a2, a3), (25)

C = C(q~. q~, PA' Pc' n*, fA ,al. a2, a3)' (26)
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Observe that relations Equation (22) through Equation (26) constitute a
simultaneous equations system with each having the same exogenous variables.
Moreover, the composition of the household becomes an argument in these equa-
tions. Thus we may analyze the effects of a change in the number of children on the
demand for leisure and goods. In particular, the effect of a decrease in the number
of children on the supply of adult labour (which is immediately obtained from the
estimates of the demand function for leisure Zd is of great interest. By examining
the estimates of elasticitiesin these equations, we may gain a better understanding of
the agricultural household's behaviour with demographic decisions not only in the
consumption but also, at least indirectly, in the production.

With the specifications of appropriate functional forms for the production
and utility functions, we may estimate the reduced-form equations on both the pro-
duction and consumption sidesof the agricultural household.7

Furthermore, in order to examine differences in both production and con-
sumption behaviour between landowners and tenants and between large farms and
small farms, the empirical estimations will be carried out for each group of farms.

3. EMPIRICALIMPLEMENTATION

The Profit Function

Based on the availability of data from the Mindanao Survey, we specify the
followingCobb-Douglasproduction function:

6

Q =A ,,al ,,a.A R '1:.'Y.D.Ai A:i2 K'i1 K'22 ei=1 1 1 (27)

where Xl and X2 are respectively adult and child labour as the variable inputs; K1

and K2 are animal-machinery input and cultivated area, respectively; and A, cv/i=1,
2), (jjU=I, 2), and 'YQ(Q=I,. . .,6) are parameters to be estimated. The dummy
variables (D., i= 1, . . ., 6) represent land ownership, number of coconut trees, fertil-1

izer utilization, electrification, head of household's educational level (higher than
high school), and the share of livestock production in the total production (larger
than 0.5), respectively.8 .

'In the empirical estimation of these functions, the demand function for Z3 is dropped
since Z3 does not have the shadow price like ZI and Z2.

8When the estimation was carried out for farms categorized by the land ownership cri-
terion, the corresponding dummy variable, D1, was dropped.

,l...-.....
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The normalized profit function which is a dual to the production function in

Equation (27) may be written as :9 6
* * * a* '1:.[).D.

n =A * q~1 q~2 Kf{1 KP'2 ei=11 1 (28)

where n is the normalized profit (n'/PA); ql and q2 are respectively the normalized
wage rates of adult and child labour (q~/PA and q~/PA); and A *, ai, ai, {ji, (j~,and
[). (i= 1, . . .,6) are parameters to be estimated.1O1

The adult and child labour demand functions may be written as the share

functions which are given as:

q 1Xl *
-=al

n
(29)

Q2X'2= ai
- n

(30)

The output supply function can be given by

6
* * * * '1:.[).D.

Q =A* (1- Il) qal Qa'2 /&1 K§2 ei=11 1
1 '2 1 '2 (31)

where Il =al + a'2 is assumed to be less than unity, implying decreasing returns to
scale in production with respect to the variable inputs.

The profit function in Equation (28) and the two factor share functions in
Equations (29) and (30), and the output supply function in Equation (31) form a
system of four equations which can be estimated simultaneously. However,because
of the duality between the profit function and the output supply function, one
equation is redundant in the system. Therefore, we will estimate the profit and the
two factor share functions simultaneously. Given the estimates of these three
equations, the output supply function can be directly obtained from Equation (31).

Under the assumption of profit-maximizing and price-taking behaviour of the
agricultural household, the parameters in Equation (28) must be equal to the corre-
sponding parameters in the factor share equations given in Equations (29) and (30).

9For the derivations of the profit, factor demand, and output supply functions, refer to
Lau and Yotopoulos (I 972).

IOThese parameters have the following relationships with the corresponding parameters in
the Cobb-Douglas production function in Equation (27).

A* =A(I-f.l)-1 (I - f.l) [h Ct.OY(1 - f.l)-I]2=1 I

Ct1=-Ctj(I- f.l)-1 <0, i=I,2

{3~ = {3,(I - J,I)-1 > O. i = 1. 2
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This equality provides the basis for a test of the hypothesis of profit maximization,
In the present study, we test this hypothesis explicitly.

If the hypothesis of profit maximization is not rejected, a subsidiary hy-
pothesis of constant returns to scale is then tested conditionally on the validity of
profit maximization. Constant returns to scale in this study implies that {3i+ {3i= 1.

For the stochastic specification of the model in the statistical estimation, we
will follow the usual assumption of an additive error with zero expectation and non-
zero finite variance for each of the three equations given in Equation (28) in its
natural logarithmic form, Equations (29) and (30). However, non-zero covariances
of the three equations are assumed for the same agricultural household. In other
words, the dependent variables of the three equations can be mutually interde-
pendent. The covariances of the errors of each equation corresponding to different
agricultural households are assumed to be zero. Given this specification of errors,
Zellner's (1962) method of asymptotically efficient estimation is used. According to
this method, the efficiency of estimation can be increased by the imposition of
restrictions on the coefficients, if this is required.

As concluded by Lau~Lin and Yotopoulos (1978), in order to analyze the consump-
tion behaviour of the agricultural household, it is sufficient to specify an indirect
utility function which depends on normalized prices as well as the other character-
istics of the household such as family size and composition. Furthermore; the
introduction of the indirect utility function provides us with an econometrical
advantage in the sense that the derived demand functions are explicitly functions of
only the exogenousvariables.

By assumingthat the indirect utility function is of the homogeneous (of degree
minus one) transcendental logarithmic form, the simplest version of the linear loga-
rithmic expenditure system (LLES) can be derivedY

By applying a second-order approximation of Taylor's seriesexpansion around

[p;J = 1 to the true V"', the translog function corresponding to Equatiol} (34) is
givenas:

'" 4 '" 3
Qn V = ao + . k ai QnPi + ,k (3J' Qn a.

1=1 J=1 J

The Linear Logarithmic Expenditure System

In order to analyze the behaviour of the agricultural household on the con-
sumption side, we estimate the linear logarithmic expenditure system which was first
introduced by Lau and Mitchell (1970).

As seen in section two, the problem of the agricultural household on the con-
sumption. side is one in which it maximizes the utility function given'in Equation
(1) subject to the budget constraint given in Equation (17), which can be rewritten
as:

4 4 '" '"
+ 1/2 k k 'Y..(Qnp.)(QnP.)

i=1 j=1 IJ I J

3 3

+ 1/2 k k 8kQ (fin ak) (fin aQ)k=1 Q=1

4 3 '"
+.~ ~ €ik (QnPi) Qnak)'

1-1 k-1€

h P"'- '" '" P'" P'" d -
were, i-q1,q2' A' Can aj-a1,a2,a3'

(35)

n* + %'alZ1 + q~a2Z2 + fA =q: ZI + q~Z2 + PAA +PcC (32)
Because of the homogeneity assumption we have the following restrictions:

Following Becker (1965), we define the LHS as the "full" income and the RHS as
the full expenditure, denoted by M.

By normalizingprices,

4
k a.=-I,

i=1 I
(36)

4

j~1 'Yij =0, 'Yi=I,2,3,4,
(37)

P'"- P /M P - , ' p P . p ",- '" '" P* P'"
i- i ' i-ql'q2' A' C' i-ql,q2' A' C'

, . 4 '" .

the budget constramt can be rewntten as.k PiYi =I;(yi = ZI, Z2' A, C,).
Through the duality theorem, the rhafunized value of utility, denoted by V"',

is a function of q;, q;, P~, P~, ai, a2, and a3, and will be referred to as the indirect
utility function,

(33) 4
k €kQ = 0, Q= 1, 2, 3.

k=1

The expenditure functions are given by Roy's identity as:

'" 3Qnv* - 4 '" 3
-p.y. = - - a.+ k 'Y.. Qn p, + k €kQ fin an,

I I 3f1n p~ I j=1 IJ J Q= 1 )(I

i = 1,2,3,4, k = 1,2,3,4.

" (38)

'"- '"
(

'" '" P
'" P"',

)V -V Ql,Q2' A' c,a.,a2,a3' (34)
(39)

11 See Lau and Mitchell (1970),
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It is clear that we have four equations in Equation (39) which have the same exo-

genous variables, Le., Q.nPj(Pt = q~, q~, P';, P;) and QnaQ (Q= 1, 2, 3). They
are -qizt. -q; Z2, -P~ A, and -P:C. However, one of these four equations is
redundant, since qrZl + q;Z2 + P~ A + P;C = 1 from the budget constraint.
Hence, only three out of the four equations are stochastically independent and need
to be estimated. In the present study the last three equations are chosen.

Next, by making use of restrictions given in Equation (37) we may further
simplify the estimation of the expenditure equations. Writing the equations for the
subscripted variables,we have the following equations to be estimated:

-q;Z2 =0:2 + 122 Qn(q;/Q7) + 123 Qn(P~/q~) +124 Qn(P;/q~)

+ E21 Qnal + E22 Qna2 + E23 Qna3' ... (40)

-P~ A =0:3 + 132 Qn(q; /q7) + 133 Qn(P~ /q7) + 134 Qn(P;/q7)

+ E31 Qnal + E32 Qna2+ E33 Qna3, (41)

-P;C= 0:4 + 142 Qn (q; /q7) + 143 Qn(P~ /q7) + 144 Qn(P;/q7)

+ E41 Qnal + E42 Qna2 + E43 Qna3' (42)

Wenote that it must be that 123 = 132, 124 = 142, and 134 = 143 in the above three
equations if the system of expenditure equations is to be derivable from utility
maximization. One can test the hypothesis of utility maximization by testing statis-
tically the above symmetry. Alternatively, the three equations may be estimated
jointly, imposing this symmetry constraint. Finally, the coefficients of the remaining
equation (in the present study, -qr Zl equation) can immediately be computed from
the restrictions given in Equations (36) to (39).

For the statistical estimation, we assume an additive error with zero expecta-
tion and non-zero finite variance for each of the three equations. However, the
variance of the three equations is assumed to be non-zero for the same household.
The covariancesof the errors of each Equation corresponding to different households
are assumed to be zero. Given these assumptions, Zellner's (1962) method of an
asymptotically efficient estimation is used.

A word needs to be said about the measurement of the variables in the system.
Since the translog function is a second-order numerical approximation around

[ t ~*] = 0; the independent variables Qnp* and Qn a should be scaled in such a
way that they are approximately close to zero. To accomplish this, we computed the
means of the Independent variables of the three estimating equations and then
measured all the independent variables as deviations from the respectivemeans.
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4. THEDATA

A special survey became necessary in order to collect the set of data required
for this study. The survey was organized by the senior author and was conducted
with Professor Herrin in the Philippines in late 1978 and early 1979. It will be
referred to hereafter as the FAO/UNFPA Mindanao Survey, after the two sponsoring
organizations.

A sample of 590 agricultural households was drawn from the province of
Misarnis Oriental, located along the northern coast of Mindanao Island, the second
largest island of the Philippines Archipelago.12The data were processed in order to
obtain the variables used in the profit and factor share functions on the production
side and for the Linear Logarithmic Expenditure System (LLES) on the consump-
tion side. The details of the specifications of the variables are fully presented in
Appendix A.

The sample of 590 observations was fust sorted according to a criterion of
positive profits in the production of crops (rice, corn, tobacco, and others),
coconuts, and livestock products during the period the survey covered, the 1978
crop year. Thisyielded 299 agricultural households.

Next, another criterion of positive child labour days was introduced in order
to split the 299 observations into two categories. Through this procedure, we
obtained 153 agricultural households with positive profits and positive child labour
days. In the present study we concentrate our empirical analysis on the former set
of observations because of the specification of the model that included child labour
as a factor of production.

Finally, households with extreme observations in some variables were omitted
in order to obtain a more homogeneous sample. This yielded 123 observations in the
set of households with positive profits and positive child labour days.

The sample of 123 observations was subdivided into large-size farms and
small-size farms as well as to farms operated by owners and those operated by
tenants. Farms with 20 hectares and over are classified as large farms, and those
with less than 2.0 hectares as small farms. The numbers of observations are respec-
tively 52 and 71. On the basis of the form-of-tenancy criterion, the owner farms are
80, as compared to 43 tenant farms. These numbers of observations were used in the
estimations of the profit and factor demand functions on the production side.

It is of course ideal to use the same sample of observations in the correspond-
ing estimation of the LLES for each category of agricultural households. However,
this was not possible because there were households which hire child labour from
other households but do not employ their own children. For such households we
cannot estimate the child leisure expenditure equation in the LLES.

12For description of the setting of the sUlVey and of the sample see Herrin (1982).
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By dropping such households from the sample of 123 observations, we
obtained 94 observations. These 94 observations were classified in the same manner

as on the production side with the criteria of land size and form of tenancy. The
numbers of observations for large and small farms are 41 and 53, and those for

owners and tenants are 60 and 34, respectively.

5. EMPIRICALRESULTS: THE PRODUCTIONSIDE

The profit and factor share functions are jointly estimated first by singleequa-
tion ordinary least squares and unconstrained Zellner's methods. The results are
presented in Tables 1 and 2 for the four groups of farms. Next, we tested the null
hypotheses of profit maXimization and constant returns to scale for each group of
farms. An F-test was used for this purpose. The computed F-ratios and the critical
values of F-ratios at the 5 and 1 percent levels with the appropriate degrees of
freedom are presented in Table 3.

According to this table, the null hypotheses of profit maximization and con-
stant returns to scale could not be rejected at either 5 or 1 percent levelof statistical
significance. That is, the groups of large and small farms and of owner and tenant
farms maximized profits with regard to the levels of utilization of adult and child
labour and faced constant returns to scale with respect to all the variable and fixed

inputs.
Based on the results of these F-tests, we re-estimated the profit and factor

share functions fpr each group of farms with restrictions of both profit maximiza-
tion and constant returns to scale. The estimated results are given in Tables I.and 2.
These are the final specifications of the profit and factor share functions in the
present study and are used for further analysis.
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The Output Supply and Labour Demand Behaviourof the
Agricultural Household

In order to study price response, the output supply and the labour demand
functions are derived. The estimating equations of the output supply of the agri-
cultural household are given by taking natural logarithms of both side of Equation
(31) as,

2 * *
QnQ=Qn(I-.~ a.) +QnA +a:Qnq~ +afQnq~+131 QnKlI =1 I

* 2 * 6
+132 QnK2 -~. a.QnPA + ~ D.D.

i =1 I j=1 J J
(43)
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Table 1 - (Continued) N
.j:>.
0\

Landowners (80 obs.) Tenants (43 obs.)

Variables Parameter

Zellner's Efficient Estimation

3 Restrictions

a~ = a~, a~ = a~

13~+ l3i = 1.0No Restrictions

Zellner's Efficient Estimation

3 Restrictions

a~ = a~, a; = a~
l3i + l3i= 1.0No RestnctionsOLSQ OLSQ

Ds

D6

R2

13~+ 13~

Adult Labour Demand fn a~

Child Labour Demand fn a;

L JjhUJ,:.O!I.~~c",..:.,,,,, . . iii .. -

0.486* 0.564* 0.628* 0.727* 0.441 0.184
(1.897) (2.398) (2.465) (1.596) (1.053) (0.413)
-0.506 -0.206 -0.010 0.731 0.176 0.388

(-1.461) (-0.648) (-0.030) (1.281) (0.336) (0.687)
0.499 0.494 <:)

;::
0.695 0.663 1.000 0.560 0.614 1.000 C'..

I:>
-0.5094* -0.5094* -0.4688 * -0.4995* -0.4995* -0.4748* [
(-5.097) (-5.097) (-4.842) (-4.908) (-4.908) (-4.759)

>::;::
d-0.117* -0.117* -0.094* -0.197* -0.197* -0.181 * Ii}

(-2.232) (-2.232) (-1.808) (-2.731) (-2.731) (-2.533)

Notes; Figuresin parenthesesare computed asymptotic t-ratios.
Coefficients with * and ** are statistically significant at the 5- and IO-percent levels, respectively.

Table 2

The Cobb-Douglas Profit and Factor Share Functions for Large and Small Farms

Large Farms (52 obs.) Small Farms (71 obs.)

Zellner's Efficient Estimation Zellner's Efficient Estimation

3 Restric tions 3 Restrictions

a = a, a; = a a = a, a = a

Variab les Parameter OLSQ No Restriction 13 + 13 = 1.0 OLSQ No Restriction 13 +13;=1.0
.

.
'"

Constant QnA* 4.563 * 4.164* 4.377* 3.392* 3.800* 4.173 *

(2.008) (1.945) (6.685) (2.807) (3.637) (12.220)
;::
:::.:

Qn ql a* -0.039 -0.019 -0.424* -0.221 -0.237 -0.486* £!.1
::I

(-0.033) (-0.017) (-3.147) (-0.236) (-0.293) (-6.354)
'1:1

Qnq2 a* 0.724 0.624 -0.072* 0.465 0.520 -0.157*2 c
(0.762) (0.697) (-3.181) (0.711) (0.923) (-2.266) I:>g.

QnKl 13 0.115 0.106 0.137** 0.112* 0.112* 0.130* C'

(1.407) (1.383) (1.728) (2.222) (2.582) (3.152) '"

QnK2 13 0.446 0.511 ** 0.863 * 0.563 * 0.567* 0.870* ;;:
E"

(1.265) (1.537) (10.860) (2.705) (3.155) (21.120)
'"

Dl d1 -0.423 -0.398 -0.516 -0.206 -0.175 -0.240 Q
(-1.142) (-1.140) (-1.424) (-0.?1O) (-0.896) (-1.178)

Dz dz -0.416 -0.363 -0.570 0.167 0.091 0.042 ;:s

(-0.965) (-0.894) (-1.382) (0.573) (0.363) (0.158)

f)3 d3 0.627 0.720 0.675 1.178* 0.611 * 0.689*

(1.082) (1.320) (1.172) (3.566) (2.141) (2.472)
N

Continued -
.j:>.
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Table 2 - {Continued)

R2

13:+ 13;

Adult Labour Demand fn a~

Child Labour Demand fn a~

Notes: Figures in parentheses are computed asymptotic t-ratios.

Coefficients with * and. ** are statistically significant at the 5- and 10-percent levels, respectively.

t
I

Table 3

F-Ratios for Tests of Profit Maximization and Constant Returns to Scale

N
~

N

00

Large Farms (52 obs.) Small Farms (71 obs.)

Zellner's Efficient Estimation Zellner's Efficient Estimation
3 Restrictions 3 Restrictions

a: = a:, a; = a; a: = a:, a; = a;
OLSQ No Restriction 13: + 13; = 1.0 OLSQ No Restriction 13: + 13; = 1.0

-0.819* -0.672* -0.621 * -0.140 -0.125 -0.055

(-2.343) (-2.041) (-1. 797) (-0.565) (-0.582) (-0.244)

0.256 0.153 0.199 0.714* 0.633* 0.552*

(0.600) (0.380) (0.467) (2.689) (2.756) (2.320)

-0.824 -0.423 -0.430 0.080 -0.113 -0.035 I:
1S"

(-1.196) (-0.653) (-0.635) (0.252) (-0.410) (-0.124)
..
I:>

0.279 0.487

0.561 0.617 1.000 0.675 0.679 1.000

-0.484* -0.484* -0.424* -0.522* -0.522* -0.486*

(-3.500) (-3.500) (-3.147) (-6.607) (-6.607) (-6.354)

-0.076* -0.076* -0.072* -0.196* -0.196* -0.157*

(-3.938) (-3.938) (-3.181) (-2.730) (-2.730) (-2.266)

Variables Parameter

D4 d4

Ds ds

D6 d6

Hypothe.sis Landowners Tenants Large Farms

1. Profit Maximization 4.513 2.008 2.481
(2 228) (2,117) (2,143)

Critical Values at: 005 3.00 3.07 3.00
Critical Values at: 001 4.61 4.79 4.61

2. Constant Returns to Scale 5.739 3.068 0.289
(1,230) (1,119) (1,145)

Critical Values at: 005 3.84 3.92 3.84
Critical Values at: 001 6.63 6.85 6.63

Note: The figuresin parenthesesattached to the computedF-ratios are degreesof freedom.

Small Farms

3.381 :t>.

(2,200) oS:.

3.00
.

'"

4.61 I:
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Furthennore, by taking the natural logarithms of both sides of the equations .,,;

in Equations (29) and (30) and substituting the profit function in its naturalloga-
Q)

...

rithmic fonn, we can obtain the adult and child labour demand equations of the
;:!
0"<:1--- Q)

.t:J !a '"
00 00 '1"

agricultural household, j E
'1" 0 V) M
r- 00 V) <:t V)

"<:I '" 0:: <:t ..... "1 ..... 00
o 0 0 0

Q)

] '-'
..... ..... :DI I '"

Qn X, = Qn(-Qn + Qn A * + (Q - 1) Qn q + Q Qn q + (3 Qn K I
U r-

.5
c

* 2 6
0:: Q)

(44)
'" >

+(32 QnK2 + (1-. Q'!')QnPA +. 8.D., '" 0:: ... '0;,
1=1 1 1= 1 1 1 ;:! Q)

en 0 "<:I--- 0;
] !a 00 00 <:t u

Qn X 2 = Qn(- Q ) + Qn A * + Q Qn q + (1 - Q) Qn q + (3 Qn K 1
'1" 0 V) M en

'" C ..... E 0::
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..... 0 0 i9
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+ (32QnK2 + (1-. Qi )QnPA + . 8.Dj" ]
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1=1 1=1 1
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Note here that we introduced the relationship qi =q'i /pA for i = 1, 2. The estimated
....,- p. en

"1::S c
P-.--- 0

elasticities of the output supply and labour demands with respect to the exogenous
0:: u

t15C1 00 00 <:t "0

variables are given in Tables 4 and 5 for owner and tenant fanns and for large and
..... 0:: <:t 0 V) M C

Q
r- 00 V) <:t V) '"

g, <:t ..... ..... 00 en

small farms, respectively. !::!
..... 0 0 0 0 0 .
<5 I I

As an illustration, the elasticities of Table 5 for large and small farms are ex-
J5 '"
'" ;;
'-1 cr

amined. Examination of the owner and tenant fanns yields equivalent results, Refer-
Q)

;g '-
.... 0

ring to the elasticitiesof output supplyand labourdemandsfirst, they all havethe G ;; i9<:t 0 "<:I---

appropriate signs as expected from the theory of the profit function; the supply
", "1::S .t:J C '" 00 (]\ r- '1" .g0::

j e
00 M N '1" V)

::0 '" (]\ M .

elasticities with respect to input prices are negative; the elasticities with respect to
"' ,::: "0 Q) 0:: '1" q tr) ..... 00r-

]O 0 0 0.s
..... ..... Q)

the output price and quantities of the fixed inputs are positive. In general, the results
I I ....

u -5

show the responsiveness in the output supply to changes in prices by both large and
"1::S

.

§ "'

small farms. The results also indicate the importance of an increase in area culti-
C

.... Q)

fS:
en '0

vated for increasing the supply of fann output in both large and small farms.
.... ;;

J3
'" 0 "<:I--- <;:::

.t:J C '-00 (]\ r- '1" Q)

In comparing the elasticities of output supply between large and small farms,
... j "'. 00 M N '1" V) 0
;:s 0

'=:c5
(]\ M u

we note the conspicuous difference in the elasticity with respect to the child labour
B-

"<:I <:t 0 V) ..... 00 Q)
c ;;0,-, 0 ""; d 0 -5;:s
j

.....

wage rate (q), while the elasticities with respect to the adult wage rate (q:), animal-
C) I I vi'
'C3' .3

machinery capital (Kd and area cultivated (K2) are almost identical between the :

two classes of agricultural households. That is, small fanners are more responsive
'-I::
: » '"
-I:: P. v

in their output supply to a change in the child labour wage rate than large farmers;
Q)

P-. -5

the magnitudes of the elasticities are -0.16 and -0.07, respectively. Mainly because
t15C1 00 (]\ r- '1" '-

"1::S ..... 0:: 00 M N '1" ti") 0

of this difference, small farmers are slightly more responsive to a change in the
;:! (]\ M C

;:s P-.'-' 0 V) ..... 00
.g8 0 d d d d

output price (PA) than large fanners.13
I I '"

'5a P-.

The elasticities of demand for adult and child labour are now discussed. The E
0

results are as expected from the theory of the profit and factor share functions.
u
Q)
-5

c;

'"
.J.L.

13Note that the elasticity of output supply with respect to the output price is givenby
j 1
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-(a +a). I;
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... N The elasticities of demand for adult and child labour are negative with respect to=
0 '1:1 ,-., '"

.D !a N
..... N M ..... own prices; the elasticities with respect to the output price and the fixed inputs are

j 8
'-D r- M 0
00 V> M N r- E-<

positive.'1:1 0
- - 00 .S] d - - d d

I I I:: It is significant that the elasticities of the demand for adult and child labouru '"
.:=

with respect to their own prices are all greater than unity for both large and small00., '"«! farms. This indicates that both large al1d small farms respond elastically to changes inu
'" ... '"

the farm wage rates of adult and child labour in their respective demands. The8 = 0

]
0 otJ ,-., +-'

!a - N M 0\ - '" elasticities with respect to the output price are 1.50 and 1.63 for large and small
....18

'-D r- M 0\ 0 E
= 00 V> M N r- =

farms, respectively, indicating that the demand for adult and child labour by both'=:005
- - 00 +-''1:! «I d d '"

§
= '-' - 0 - ...'1:1 I I +-' types of farms is strongly influenced by changes in the output price. In addition, an-< I::«I

increase in area cultivated plays an important role in increasing the demand for adult+-'
t::I '"

0...<
I::
0 and child labour for both large and small farms.>. u

D.. '1:1
The major difference in output supply and labour demand behaviour between§ p",-., e::

«I
E a5a1 - N M 0\ - '"

large and small farms lies in the elasticities with respect to child wage rates. Small+-' '-D r- M 0\ 0 .
Q 00 V>

((3
N r- +-'

5.. - - 00 :.::1 farms respond negatively with higher elasticity to an increase in child wage rates.!:i d d d d «I+-' 0
6-C> 8 I I Correspondingly they have higher elasticities with respect to output price. The same"§ '"'-

broad results appear if one examines the situation for owners and tenants.0...< 0

;g '"
I::

G ... .9= +-'
The. Indirect Estimates of the Production ElasticitiesV> '1:! 0 '1:1 ,-., ..D I:: N r- 00 V> M r- ...'" § j «I M - V> r- N +-'

N r- 0\ M '-D '"
...

805
'" ill order to interpret the above findings from a different angle, we indirectly""5 '<I: q '<I: - 00 ...

]0'-' 0 - - d d ..<::
'1:! I 1 '-::: estimate the production elasticities for each group of farms based on the restrictedu
'1:! '" estimation of the profit and factor share functions given in Tables 1 and 2. The+-'
t::I e::

.Q
'" results are reported in Table 6.'u

IS: '" ... I.;:
First, in both large and small farms, the land production elasticity is the= '-

ci5 § 0 '1:1 ,-.,
'"
0

largest with the numerical value of 0.53 'V 0.58, indicating that the area of culti-... .D I:: r- 00 V> M r- u
j «I M - V> r- N '":::! N r- 0\ M '-D'"
.=: 5 05 '<I: q - 00 -;S vation is the most important factor of production. Second, the adult labour produc-00:::! ... =0'-' - 0 - 0 dC j I 1 .3 tion elasticity is around 0.28 'V 0.30 for both large and small farms, while the elas-

: ticity with respect to the animal-machinery capital is around 0.08 'V 0.09. All three
'<:: «I elasticitiesare almostidenticalfor both largeand smallfarms.The sameis true for
:g

.,
.Q owner and tenant farms.., p"
p",-.,

+-'

a5a1 '-
There is, however, a very clear difference in the production elasticity with

15
r- 00 V> M r- 0

+-'05
- V> r- N I::

respect to the child labour between large and small farms, although the absolute... 5..,-,
r- 0\ M '-D 0
0 - 00 .+-'+-' d d 0 0 0 «I valuesare fairlysmall,0.05 and 0.10, respectively.Thecontributionof childlabourE 8 +-'I I =a p"

in tenns of the production elasticity on small farms is twice as large as that on large8
0 . fanns.u'1:l'"'" '"

-;S = The fertility analysis of the same sample of households reported in a sequel'"... ...0 '" study by Shulte, Yotopoulos, Herrin and Eliason (1981) may be brought to bear on

I -

N the production behaviour of the farm households. It was found that the large (and
_N... :..:: owner) groups of fanns exercised more conscious fertility control than the small

-> 05 05 05 05 Co<
(and tenant) farm households. This rmding appears inconsistent with the higher
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productivity of child labour in large (and owner) households reported in this study.
For the explanation of the phenomenon, Yotopoulos (1982) introduces the inverse
fertility-endowments hypothesis that rests on differential access to fragmented
labour markets. The labour bottleneck in agricultural work occurs at peak seasons
when labour is in short supply and wage rates are high. High is also the marginal
product of labour on a peak-season day since the household is likely to lose the
entire crop if it does not take in the harvest at the appropriate time. Suppose there is
some queuing for labour servicesat peak seasonssince demand exceeds tbe quantity
supplied. If so, one would expect the better-endowed households (such as large farms
and owners) to be better able to hire peak-season labour. The year-round wagerate
applicable for these households becomes high relative to the ones not hiring peak-
season labour, due to the weighting of wages by seasonal rates and quantities em-
ployed.14 The less-well-endowedhouseholds, on the other hand, which do not resort
to peak-season labour have lower weights of high wages and as a result operate with a
lower overall wage rate. In a maximizing framework (tested and accepted in this
study) one would expect the better-endowed households to equate their year-round
marginal product of labour to higher wage rates and the less-well-endowed
households to have lower marginal products, equal to lower year-round wage rates.
This is precisely what happens with the large-farm (and owner) versus the small-farm
(and tenant) households.

How do the less-well-endowedhouseholds satisfy their peak labour demands,
having been queued out of the labour market? They must rely on additional family
labour for peak-season work. Thus follows the higher fertility of the small and
tenant farmers. Additional family labour, on the other hand, is likely to lead to
more intensive labour utilization year-round, which further depresses marginal
productivities.

It must be emphasized that, the issue here is not an economic-demographic
explanation of higher fertility for the less-well-endowedagricultural households. This
can be easily explained in a multiperiod model by the function of children as
insurance against risk (Yotopoulos 1982). The poorer households may view addi-
tional children as diversifying their portfolio for old-age-securityby increasing the
probability of producing a successful offspring. Tenant households, similarly, may
want additional children to decrease the risk that upon death of the head of the
household with no male heir the widow will lose the land tenure (Cain 1978). Large
farm households, on the other hand, may have an incentive to control their fertility
so that the land is not fragmented to many heirs in countries where the right of pri-
mogeniture does not exist. The issue rather here is reconciliation of high marginal
productivities of child labour with low fertility in a one-period model. This is the
specific formulation of the inverse fertility-endowments hypothesis.

14 See appendix on specifications ofvariables.
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6. EMPIRICAL RESULTS: THE CONSUMPTION SIDE

Testsof Hrpothesesandthe Final Specificationsof Parameters

Equations (40), (41) and (42) given in section three were estimated first
without restrictions for large and small farms. The results are presented in Appendix
Table 1.

On the basis of the estimates of the three equations without restrictions, we

test three null hy~otheses. The first hypothesis to be tested is that the theory of
demand is valid, that is, the agricultural household maximizes utility. Operationally,
this implies that we should test the symmetry restrictions in the three equations:
'Y23= '>'32' 'Y24= 'Y42,and 'Y34= 'Y43'

Given the validity of the utility maximization hypothesis, the remaining hy-
potheses to be tested are restrictions on the functional form and on the effects of
household size and composition. First, we test the hypothesis of linear logarithmic
utility, that is, the optimal budget shares are constants independent of prices and
total expenditures.This hypothesisimpliessix additionalrestrictions:'Yu ='Y23 =
'Y24 ='Y33 ='Y34 ='Y44 =O.Next,wetest a setof ninehypothesesin parallelon the
effects of household size and composition on the demands for child workers' leisure,
home produced agricultural commodities, and purchased consumer final goods.

We fust test the hypotheses of no adult worker effect on demands for 'child
workers' leisure, agricultural, and purchased consumer final goods, respectively.
Givensymmetry,thesehypothesesrequireone restrictioneach:€21=0, €31 =0,and
€41 = O. Second, we test the hypotheses of no child worker effect on the demands
for the three categories of commodities. These hypotheses require one restriction
each, given symmetry: €22 = 0, €32 = 0, and €42 = 0, respectively. Finally, we test
the hypotheses of no dependent effect on the demands for the three categories of
commodities as above. Again, given symmetry, these hypotheses require one
restriction each. €23 =0,€33 = 0, and €43= 0, respectively.

To test the validity of the restrictions implied by the hypotheses of utility
maximization and various specifications on the form of the indirect utility function,
we employ test statistics based on F-ratios. To control the overall levelof significance
of our series of tests, we set the overall level of significanceat .05. This implies that
the probability of rejecting a true hypothesis in our seriesof tests is fivepercent. We
fust assign a level of significance of .01 to the test of the symmetry restriction
implied by utility maximization. Wethen assigna levelof significance .04 to the two
sets of tests of restrictions on (1) the form of the indirect utility function and (2)
effects of household size and composition. These two sets of tests 'arenested; under
the null hypothesis the sum of levelsof significance provides a close approximation
to the levelof significancefor both sets of tests simultaneously.

We test the hypotheses of linear logarithmic utility, no adult worker effect, no
child worker effect, and no dependent effect in parallel, proceeding conditionally
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on the validity of utility maximization. These tests are not nested so that the sum of
levelsof significancefor each of the ten hypotheses is an upper bound for the levelof
significance of tests of the ten hypotheses considered simultaneously. We assign a
level of significance of .01 to each of the hypotheses of linear logarithmic utility, no
adult worker effect, no child worker effect, and no dependent effect, respectively.

We further decompose each of the last three hypotheses into three sub-
hypotheses: no effect on the demand for child workers' leisure, no effect on the
demand for home-produced agricultural commodities, and no effect on the demand

for purchased consumer final goods. We divide the level of significance assigned to
each of the three hypotheses, 0.1, equally between these three alternatives so that
each of the nine possible sub-hypotheses on household sizeand composition effect is
assigned a levelof significanceequal 0.0033. Again,these tests are not nested, so that
the sum of levels of significance for each of the three sub-hypotheses is an upper
bound for the level of significance of the three sub-hypotheses considered simul-
taneously. Our test procedure is presented schematically in Figure 1. Test statistics
for large and small farms are presented in Table 7. At a levelof significanceof .01 we
cannot reject the hypothesis of utility maximization for the two groups of farms.
The test statistics, and therefore the results, for the groups of owner and tenant
farms were equivalent.

Proceeding conditionally on the validity of the hypothesis of utility maximi-
zation, at a level of significanceof 0.1, we reject the hy'pothesisof linear logarithmic
utility for the two groups of farms.

Again, proceeding conditionally on the validity of the hypothesis of utility
maximization, we reject, at a levelofO.o033 each, the hypotheses of no adult worker
effect on child workers' leisure demand and no child worker effect on child workers'

leisure demand for both large and small farms. However, we cannot reject the hy-
potheses of nQ adult worker effect and no child worker effect on the demand for

home-produced agricultural commodities and purchased consumer goods, and no
dependent effect on child workers' leisure demand, the demand for home-produced
agricultural commodities and purchased consumer goods.

Based on the results of tests of the hypotheses which could not be rejected, the
three Equations (40), (41) and (42) were re-estimated with the appropriate restric-
tions. In addition, the implied coefficients of the (-q: ZI) equation were computed
by making Useof the equations given in Equation (36) through Equation (38). The
results are reported in Appendix Table 2. These parameter estimates are the fmal
specifications in the present study and will be used to derive the elasticities of
demands for leisure and consumption goods, of supplies of labour, and of supply of
marketed surplus of the agricultural households.15

15We also tested, and could not reject for any of the fann groups, the hypotheses of mono-
tonicity and quasiconvexity of the homogeneous translog functiol1. For the test procedures for
monitonicity and quasiconvexity, [see Lau, Un and Yotopoulos (1978)] .
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Table7

Test Statistics, Large Farmsand SmallFarms-
Large Farms all Farms

Degreesof Degreesof
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V, V, Significance Value Value VI V, Significance Value Value

1. Utility Maximization 3 102 O.oJ 3.85 1.991 3 138 O.oJ 3.78 1.986
Symmetry

2. Unear Logaritlunic 6 105 O.oJ 3.06 632 6 141 O.oJ 2.80 19.67 .5::",'
Utility <>...
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3.1 Adult Workers . <:;:

3.1.1 No Adult Worker Effect I 105 0.0033 9.23 66.24 1 141 0.0033 9.13 ]60.1 E'
;:;onZ,

3.1.2 No Adult Worker Effect I 105 0.0033 9.23 0.602 I 141 0.0033 9.13 0.019 '<::s
'<::son A

3.13 No Adult Worker Effect I 105 0.0033 9.23 0.204 I ]41 0.0033 9.13 0.540 ..
<>

onC ;:,-

C
3.2 Child Workers ;;.'"
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onC

...'"
3.3 Dependents ;:s

3.3.1 No Dependent Effect I 105 0.0033 9.23 0.064 ] 141 0.0033 9.13 2.125
onZ,

3.3.2 No Dependent Effect 1 105 0.0033 9.23 0.613 I 14] 0.0033 9.13 0.517
onA

33.3 No Dependent Effect I 105 0.0033 9.23 0.081 1 141 0.0033 9.13 1.206 NonC VI
\0
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working age and dependents, and the fIxed factors of production of animal-
machinery input and land). The resuJts presented in the two tables are rougWycom-
parable, and the differences that exist are due to the fact that owners and largesize
farms and tenants and small size farms are not perfectly overlapping groups. The
discussion that follows will focus on Table 8 since the owner-tenants split was found
in an earlier section to be statistically better related to the observed fertility differ-
entials and as a result constituted the basis for the formulation of the inverse endow-

ments-fertility hypothesis. The discussion here will highlight the elasticities which
relate to that hypothesis.

We examine first the case of full income fIXed.An increase in the number of

children of working age (02) results in a decrease in the leisure of adults that is
greater for tenant households. This is the result of the two components of benefIts
and costs of children that are more pronounced in tenant households. The comple-
mentarity between child and adult labour (discussed in the previous section) implies
that the increased child labour in the household has to be matched by additional
adult labour. On the cost side, additional children place further consumption burdens
on the household that must be born by adult members working harder. Both effects
are stronger for tenant households that rely more on child labour and have meager
budget and resources in comparison to owner households. The same effect appears in
the decrease in consumption of own-produced goods (i.e., an increase in the surplus
that is marketed) that is more substantial for the tenant households.

An increase in child wage rate (q 2) decreases leisure of children, but less in
tenants than in owner households. This is again consistent with the hypothesis that
the less advantaged group relies more on labour of own children while the more ad-
vantaged relies more on hired labour (of adults and children). As a result the latter
households are likely to react more strongly through the market place to an increase
in the wage of child labour.

With full income variable an increase in the price of own-produced goods

(PA) increases leisure of adults and children markedly in tenant households, while
the effects are smaller and mixed for owners. The effect of an increase in the price of

output is to increase the value of the surplus the household markets (effect on
income) and hence profits. In fact the supply of marketed surplus responds in all
cases positively and markedly to an increase in output price. The resulting increased
wealth of the household is cashed in to relieve some of the pressure on the inten-

sively utilized household resource of adult and child labour. Such is the case of
tenant households. On the other hand, the same increase in price leads, through the
substitution effect, to a decrease in consumption of own-produced goods (and
increase in marketed surplus). This adjustment also is stronger for the less privileged
tenant households.

An increasein the wagerates (q 1 and q2) has as own-elasticityeffectsan in-
crease in leisure (Zl and Z2) which is more pronounced in tenant households. This

is mostly the effect on income, since the leisure component of the full expenditure
has increased. The cross-elasticity effects decrease leisure, again more drastically in
the tenant households. These results are also consistent with the postulated more

pronounced complementarity between family child and adult labour for tenant
households and with the greater strain on their resources. Finally, an increase in the
fIXedfactors of production of animal-machinery input (K1) and land input (K2) has
a more pronounced impact on the households with lower initial endowments, the
tenant households.

The labour supply is derived as a residual from the total time available once
the respective demands for leisure have been estimated. Sincethe time availablehas
been set arbitrarily,17 the elasticities of labour supply appear to be rather unstable.
One should place more emphasis on the signsrather than the absolute magnitudes of
these elasticities. With respect to wage rates and the number of workers the elastici-
ties of labour supply have the expected opposite signsfrom those of leisure.

The results of the consumption analysis, and in the full-income-variablecase of
the integration of production and consumption behaviour in an equilibrium model,
seem to strengthen the case for the inverse fertility-endowments hypothesis. It
appears that the less privileged tenant households register a strong impact from
changes in exogenous variables that relate to the economic (net) contribution of
children. The direction of that impact is alwaysconsistent with the hypothesis that
children are more valuable in tenant, as compared to owner households, despite the
fact that their marginal product of labour was measured to be lower in the former
that in the latter.

7. SUMMARYAND CONCLUSIONS

This paper is a prelude to fully integrating the economic and demographic
behaviour of the household. On the economic side, we have extended the subjective
equilibrium model of the household to include both production and consumption
behaviour and to account for the household's demographic structure, especially with
respect to children's contributions in production and their impact in consumption.
In this manner the value of children to the agricultural household could be obtained
within a consistent utility maximization model. As a next step, this evaluation of
children's net servicescould be compared to the differential fertility behaviour that
wasobserved among different socio-economicgroups.

The model was applied on primary data collected from a sample of agricultural
households in the Province of Misamis Oriental in the northern part of Mindanao
Island in the Philippines. This summary intends only to higWight some of our
results.

17The length of the working day and hence the quantity of maximum possible leisure per
day is defined arbitrarily. So is the number of possible workdays in the year (365 in this study).
While this does not affect the estimated coefficients, it can affect their complements, e.g., the

supply oflabour (Barnum and Squire 1979, p. 66).
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The analysis was carried out for two groupings of the households: on the
criterion of form of tenure, for landowner and tenant households; on the criterion
of size of operation for large-farm and small-farm-sizehouseholds. The utility maxi-
mization hypothesis was explicitly tested and could not be rejected for any of the
socio-economicgroups distinguished. The criterion of static efficiency, in the sense
of rationality, was thus satisfied in all groups. The production analysisrevealed that
the major difference in the groups distinguished, owner-tenant farms and large-small
size operations was in the input of chp.d labour. This translated to higher marginal
products of child labour - as well as for all other factors of production - in the
groups of better-endowed households, Le., the owner and large-sizefarms, as com-
pared to tenant and small-size operations. Especially in relation to owner-tenant
farms, the results are consistent with the recent literature18 which finds that the
share-tenancy equilibrium is optimal with respect to certain constraints (such as
initial endowments, imperfect markets, etc.) in other words it is a second-best opti-
mum. This, however, appears to be only a local optimum. When the results of the
model of the equilibrium of the household are combined with the demographic
analysis which found higher fertility in tenant and small-sizehouseholds, it appears
that tenancy does not also represent a global optimum equilibrium. Indeed, the co-
existence of low marginal contributions of children with low fertility control in
tenant (or small size) farms can be explained only in terms of the inverse fertility-
endowments hypothesis which is actually based on market-failure when it comes to
labour markets at times of peak agricultural activities (Yotopoulos 1982). Examina-
tion of the consumption side of the utility maximization model revealsdemands for
leisure of children and adults and consumption demands for other commodities that
are consistent with the higher valuation of children (and thus higher fertility) in
tenant (and small-size)households, as compared to owner (and large-size)households.

The analysis of the household equilibrium with demographic characterization
suggestsimportant policy implications for population growth and social equity. The
evidence suggests that the differences in initial endowments account for the higher
marginal products of the better-endowed households and that tenant (and small-
farm-size) households compensate for such differences through higher fertility. In
such a situation a policy of social equity in agriculture that improves endowments
at the bottom could trickle up in terms of higher productivities and lower popula-
tion growth.

Appendix

SPECIFICAnON OF THE VARIABLES

Profit and the Quantity and Price of Output

Themoneyprofit of the agriculturalhouseholddenotedby n I , is definedas:

2
n'=p Q- L q'.x.-OC

A i=l I I
(A-I)

where PAQ is the gross output in pesos; Xl and X2 are respectively adult and child
labour days and q~ and q~ are the corresponding wage rates in pesos per day; and
OC is the other variable costs in pesos, consisting of the expenses of seeds, chemical
fertilizers, agri-chemicals, feeds, irrigation, fuels, clothing, and others. The gross
output consists of rice, corn, coconuts, tobacco, livestock products, and other crops
such as bananas, vegetables, peanuts, sweet potatoes, and mangoes.

Our model requires that the profit be normalized by the output price (PA)' A
number of operations are necessary for this purpose. First of all, the output price
should be farm specific. This means that we should consider the fact that farms sell
outputs at different times and in different markets and may therefore obtain
different "average" prices, even in a regime where the markets are competitive. We
need therefore to weight all these individual prices obtained in order to get the
average price of outputs for each farm. We consider that a geometrically weighted
average price is the most relevant since it reflects the share of each product in the
total production of a farm.

In the estimation of the weighted average price of agricultural products, we
may use a standard unit like kilograms. However, in the Mindanao Survey, the
quantities of tobacco products are not given in kilograms. Instead, they are givenin
manos and paldos which could not be converted to a standardized unit of kilograms
giventhe present state of information.

This difficulty was avoided by utilizing the computational method of a price
index over time. That is, the individual price of a certain period of time is normal-
ized by the individual price of the initial period and hence this givesa price index in
terms of a constant price as follows:

pt n

(
t

)
Qk

-.£ = n Pk
po k =1 0 '

c Pk

18For reviews of this literature [see Bardhan (1980) and Binswanger and Rosenzweig

(1981)].

where pZ and pI are, respectively, the prices of commodity k in the initial and t
periods of time, and OIkis the weight represented by the value share of commodity k
in the total value of n commodities.
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We employed this method for the estimation of the farm specific price index
instead of price per standardized unit. Mathematically, it is written as,

pi 6
A = n
pO, k=1A ( )

<X

p,i ki '-

Pic ' 1- 1, 2, . . . , 590,
(A-2)

where p1 is the price of commodity k in the ith farm;P~ is the sample averageprice
of commodity k; and <Xkis the value share of commodity k in the total value of pro-
duction of rice, com, coconut, tobacco, and livestock products.

Quantities and Prices of Adult and Child Labour

The quantities of adult and child labour used on the farm, Xl and X2, are
defmed, respectively, as the sums of family labour, X{ and X{ and of hired labour,
X~ and X~. We assume no quality-of-labour difference within each labour category.
Moreover, the quality of male and female labour in each category is assumed to be
equal for both adult and child labour, since the wage rates and/or replacement costs
for male and female labour reported in the Mindanao Survey are equal for almost all
production activities.

The computation of the quantities of adult and child labour is straightforward.
First, the labour days for each farming activity of every single crop or livestock
product were summed up separately for adult and child labour. In this way, we
obtained the total labour days of adults and children separately for the production
'of rice, corn, coconuts, tobacco, and livestock products. Finally, these labour days
were aggregated in order to obtain the total labour days of adults, Xl and children,
X2.

Next, the computation of the adult and child wage rates, q~ and q~, was
carried out as follows: In the Mindanao Survey, each farm reported either the hired

labour wage rate or the replacement cost if it did not hire labour for certain activities
or outputs. By making use of this information, the geometrically weighted average
wagerate wascomputed for adult and child labour separately. This is shown as,

m
qi; = n (qki;) Olkij i = 1, . . . , 6; andj = adult, child,'k=1 '

(A-3)

where qij is the geometrically weighted averagewage rate for the ith output; qki is
either the hired wage rate or the replacement cost for the kth activity for the ith

output; and Olkiis the weight defined as the share of the labour cost for the kth
activity in the total labour costs for the ith output. That is,

qk' "Xk"
Ol = 'I II

kij m
~ qk' "X k "

k=l 'I II

, i = 1, . . . , 6; andj = adult, child (A-4)
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where Xkij is the amount oflabour used for the kth activity in the ith output.
Then, these q;/s were againgeometrically weighted by shares of labour costs of

each crop in labour costs for all output in order to obtain the average wage rate q'.I
(j = adult,child).Thatis,

6

qj = i~ (q/j)(3ij' j = adult, child, (A-5)

where ~ qk;jXkijk=1

(3ij= ~ ~ qkijXkiji=1 k=1

,} = adult, child,

i.e., the value share of labour of the ith output in the total labour costs (j = adult,
child).

The adult and child wage rates are expressed as pesos per day. These money

wage rates were normalized by the output price index (PA) to yield q1 and q2.'
respectively. Needless to say, for farms which do not report any use of child labour,
one could not compute the child wagerates.

Finally, the total labour costs are givenby,

26m I

WC= ~ ~ ~ qki"Xki". .
1 k -1 I 71=1 1= - (A-6)

The wage costs, WC, as well as the other costs, OC, were substracted from the total

value of output, PAQ, yielding the money profit, n'. This money profit wasnormal-
ized by the output price index (PA) to yield the normalized profit, n .

Animal-machinery Input and Area Cultivated

In order to obtain the animal-machinery input, K 1, the followingmethod was
used:

K1 =WAXA + 0.06X KM + DM + RM' (A-7)

where WAXA is the animal service costs; KM is the stock value of machinery and
tools and DM is their depreciation; and RM is maintenance and repair costs. All
costs are expressed in terms of pesos.

The animal service costs were computed as follows: There are many farms
which do not hire animal services but use carabaos they own. For such farms, the
animal wage WA could not be obtained. We computed the average wage rate of
animal services for the farms which hire animals and had recorded animal service

~.
' .

.

wage rates. Th
.

e average of these animal service wage rates was assignedto the farms

. .. . which utilize only their own animals in order to obtain the animal servicecosts.-. .
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The cultivated area, K2, is the sum of areas planted with rice, corn, coconuts,
tobacco, and other crops. The land input is expressed in terms of hectares.

this computation savings and liabilities simply because the figures reported in the
Mindanao Survey were not considered reliable. The asset income so dermed is
expressed in terms of pesos.

Quantities and Pricesof Adult and Child Leisureand Labour

The total leisure time of adult and child workers can be givenby,

- f
alZl - Xl =Zl, (A-g)

Full Income, Full Expenditure and Normalized Prices

The final data-processing procedure was to compute the full income and
expenditure, denoted by M. It is measured in pesos. The full income and expendi-
ture, M, was then used to normalize the prices q;, q~, PA' and PC. This yielded,. * * P

* d P*
respecttvely,ql' q2' A an C'

a2Z2 - x~ = Z2, (A-9)

where Z I and Z 2 are the maximum amounts of leisure time of adult and child

workers; X{ and X{ are the family labour days of adult and child workers, respec-
tively; and al and a2 are the numbers of adult and child workers, respectively. We
assignthe maximum number of days, 365 days, to Z1 and Z2'

The price of leisure is set at the opportunity cost of labour, which is the re-

spective wagerate, q~ and q~, for adult and child workers.

Price of Own-produced Agricultural Goods and Expenditure

The value of home consumption of farm products is given by PAA where PA
is the geometrically weighted averageprice index. As stated in Section 2, we assume
the same price for farm output sold and consumed at home. The value of marketed

surplus supplied, denoted by Ms' is

PAMS=PAQ-PAA (A-IO)

Price of Purchased Final Goods and Expenditure

The expenditure on purchased final goods, denoted by Pcc, is simply the sum
of expenditures on various goods and servicespurchased, including processed food
commodities, durables, nondurables, health and education, and transportation.

The estimation of the average price of purchased final goods poses the same
problem that was noted in Section 1 with reference to tobacco. It is almost
impossible to convert different units of goods such as salt, pants and movie theater
admissions to a standardized unit such as kilograms. The same method described
earlier of computing a geometrically weighted average price index of purchased

consumer goods, PC' was used in this case. The relevant equation appeared above
as Equation (A-2).

Non-labour Asset Income

We derme the non-labour asset income fA as the sum of the incomes from
fishing, business and trade, and from other sources, lesstaxes. Wedid not include in



Notes: 1. The estimating equations are Equations (40), (41) and (42). The symmetry restrictions, i.e., 123 = 132, 142, and 134 = 143' were imposed.

2. The coefficients of -q~Z) were obtained by making use of Equations (36), (37) and (38).
3. Figures in parentheses are computed asymptotic t-ratios.

N
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Appendix Table 1 -...)

N

UnconstrainedEfficient Estimates of the Linear Logarithmic
Expenditure System, Largeand Small Farms

Constant Qnq;/q: QnP;/q: QnP/q: QnO:l QnO:2 QnO:3

LargeFarms -q2*Zc -0.319 -0.183 0.010 0.030 0.164 -0.191 -0.006
(obselVations41) (-43.44) (-3.627) (.305) (1.407) (8.281) (-15.33) (-0357)

-P*A -0.179 0.153 0.055 0.024 0.019 0.037 -0.010A
(-18.81) (2354) (-1.340) (0.852) (0.754) (2.274) (-0.471)

-p*c -0.118 -0.031 0.032 -0.094 -0.010 0.030 -0.008 .gc c
(-15.82) (-.611) (0.995) (-4.351) (-0.488) (2.388) (-0.484)

;::
C-o,
'"

-qZc
;:SmallFarms -0.312 -0.259 -0.033 0.032 0.149 -0.191 -0.011 I:<.

(obselVations53) (-60.47) (-7.094) (1.686) (3.238) (12.860) (-17.830) (-1.079)

-P*A -0.172 0.174 -0.065 -0.005 0.005 0.020 -0.001A
(-21.40) (3.060) (-2.165) (0.295) (0.281) (1.191) (-0.012)

-p*c -0.114 0.028 0.016 -0.108 0.010 0.038 0.D17c
(-15.86) (0.540) (0.578) (-7.945) (0.619) (2.564) (1.003)

Notes: 1. The estimating equations are Equations (40), (41) and (42).
2. Figures in parentheses are computed asymptotic t-ratios.

r..

Appendix Table 2

The Final Specification of the Linear Logarithmic

Expenditure System, Large and Small Farms'

Constant Rnq Qnq RnP; RnP Qna) Rna2 Rna3

Large Fanns -qZ) -0385 -0.265 0.158 0.103 0.005 -0.172 0.173 0.0

(observations 41)

-q;Z2 -0319 0.158 -0.155 -0.038 0.039 0.172 -0.173 0.0 -2:
(-42.74) (-3.426) (1.298) (1.845) (-16.51)

.

-P;A -0.179 0.103 -0.038 -0.072 0.007 0.0 0.0 0.0

(-17.44) (1.298) (-1.753) (0.034) ;::
5:

-PC -0.118 0.005 0.035 0.070 -0.120 0.0 0.0 0.0 ;::'

(-15.00) (1.845) (0.344) (-5.441)
;:

q:Z)
:g

SmallFanns -0.402 -0.267 .0.162 0.025 0.080 -0.149 0.187 0.0
'"

(observations 53) g.
-q;Z2 -0.312 0.162 -0.241 0.048 0.032 0.149 -0.187 0.0 C

(-58.71) (-7.213) (2.590) (3339) (13.71) (-19.18) ;;.

-P;A -0.171 0.025 0.048 -0.074 0.001 0.0 0.0 0.0
i:"

(-20.90) (2.590) (-2.554) (0.104)

-pC -0.114 0.080 0.032 0.001 -0.113 0.0 0.0 0.0 Q
(-14.74) (3.339) (0.104) (-8.190)

;:
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