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Introduction

The purpose of this paper is to provide estimates of the impact of
governmental efforts to reduce population growth and augment child survival
.and schooling in a developing country. Our methodological appfoach is to
integrate program assegsment with an economic model of household choice.

As in more conventional economic models of individual behavior, househoid
models of fertility have stressed the role of pfices énd income as determinants
of the desired number and characteristics of children. Viewed in the context
of this economic framework, government initiatives at limiéing fertility

and increasing health:and schooling are attempts to alter the structure of
prices faced by a household in making its resource allocations decisions.

In our approach it is explicitly recognized that programs which have
been designed for single objectiveé will, in general, have multiple consequences
often unanticipated by policy makers. Although a particular program may
alter the price of only one family choice variable, such as child health,
the existence of non-zero cross-price effects of the usual kind will imply
responses of other choice variables, such as child schooling. In this paper
we consider three aspe;ts of family behavior related to children and four
types of programs. No previous work on program assessment has attempted to
estimate "total" effects, i.e., intended and unintended.l Estimating these
~effects is important because, fPr example, it is pogsible - within the context
of the household chﬁice-theoretie framework for tﬁe joint provision of, say,
health and family planning programs to have mutually cancelling effects
on fertility and4hea;th while each is effgctive in its single objective
{ntention. The insight that governmental programs affect prices can also

be exploited to test the symmetry conditions of compensated price effects at
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least with respect to sign, We can thus reject the “heory if estimated
substitution relationships are not compatible across equations.

In the first section of the paper, we present a theoretical model in
which fertility, child survival, and child schooling are chosen jointly
according to a constrained utility maximization procedure. In the next
section, we discuss the data which consist of a household-level file
containing information on socic-economic and demographic characteristies
merged with district level information on program availability. Programs
ave matched to the specific prices of the model and predictions of program
effects are elicited. The following section reports results which are used
to test the theory and. to assess the quantitative importance of each
progran. In addition; we explore interactions between the efficiency of
programs and household level varisbles. The empirical results reveal a
pattern of household substitution relationships which are consistent with
the theory and suggest; as a consequence, that in terms of promoting fertility
decline and human capital investment, family planning, health and eﬂucatibnal
programs are mutually reinforcing; consideration of only "own" targeted

effects significantly underestimates the effectivenecs of each.



I. A Theqretical Framevork

The basic assumption of the theoretical framework is that prospective
parents have preference orderings over both family size and the characteristics-
-he;ith, potential earnings, etc.-- or "quality" of their children. Two
characteristics, possibly the major components of child quality in less
developed countries, are considered here: sur§iva1 and schooling, with child.
déaths assumed to have a ﬁhysic cost over ahd above the fact that, for
given numbers of childrcn, deaths reduce the number of surviving children.2
Prospective parents are also assumed to consume non-child rélated commodities,
These assumptions may pe conveniently characterized by the utility function
(1) U=Uu(N, M, s, 2Z).
where N is the number of live births, M is the prcportion of children born
who'die prior to some given age; S is the average schooling of surviving
children, and é is a composite of other consumption items.

The net price of a live birth consists of delivery costs including
the opportunity cost of mother's time less the contraceptive costs of
averting births, both psychic and material. Survival is assumed to be

augmented with purchased inputs, X, conditional on environmental factors

which are beyond the control of parents. This relationship is given by

(2) M=H+MHX)
where M is the environmentally given mortality rate and M(X) is the functinnal
relationship between purchased inputs and the mortality rate (Hx < 0), The

budget constraint with an exogenously given income, Y, is

3) Y= PnN + Pxx + PBS + Pzz + Pc (Nmax - N)



where Pn is the gross price of a birth, Px' Ps and Pz, are the per-unit
prices of X, S and 2, and Pc is the price of averting a birth through
contraception, ﬂmax 18 the number of births that would occur in the
absence of contraception (natural fertility) and Nmax - N is the number

of births averted. Thus the net price of a live birth is Pn - Pc' A

decrease in the cost of contraception increases the net price of an

additional child, i.e., it acts as a tax on childbearing.

We have deliberately chosen not to embellish the model with side
relations other than (2), incorporating, for example a "scale effect'-
-the.éffect of childrén's survival prospects on the expected returns to
{nvestments in children-~or an interactive cost relation between the quantity
of ‘children and per-child investments, as modelled in Becker and Lewis, 1973,
It can easily be shown that none of these additions adds to the predictive
content of the model as formulated nor do they alter estimation strategies
unless the identification of the preference structure is desired (see
Rosenzweig and Wolpin, 1980b). Moreover, the "replacement effect", which
reflects the increase in surviving children as a consequence of a mortality
deciine is a specialcase of the general model in which only surviving children

and not mortality enter (1).



Assuming the household maximizes (1) subject to (2) and (3) we
can derive, for small changes at equilibrium values, the effects on
fertility, mortality and schooling of changés in the price of contraceptives,

health goods and schooling:
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vhere C denotes a ;onpensated price effect and (dilde)c - (dj/dPi)c. 143 .
The governmental programs, which are the'focus of this research, are
presumed to affect the prices Pn' Pc’ Px , and Ps. Expressions (8) through
(16) thus indicate that even if a program directly influences omne price, it
will generally have effects on all household choices -- a program targeted
at fertility by subsidizihélcontraceptives wili thus generally affect
schooling and health as well . While as will be shown such "gide" or “cross”
effects cannot always be predicted a priori, certain patterns should be
éxpeéﬁed given the symmetry of the compensated cross price ertects.

Consider first a reduction in Pc induced, say, by the introduction

of,a‘fanily planning program, (8) - (10). Since own compensated

price effects must be'negative, the reduction

in Pc would lead to a reduction in fertility. While there is a rezl income
gain from the reduction in Pc which may increase or decrcase fertility,

as shown in (8), the smaller the number of averted births, the smaller this
income effect; in a developing country such as India, where desired family
gize 18 likely to be relatively high even when contraceptives are freely
available (see Rosenzweig and Evenson (1977)), the income effect component

of a change in the cost of contraceptives is thus likely to be small unless
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children are superior goods.

The model algo indicates that the reduction in contraceptive costs
will induce substitution and income responses in child mortality and schooling.
While these relationships, given by (9) and (10), cannot ue signed a priori,
evidence from India (Rosenzweig ana Wolpin, 1980a) suggests that the quantity
and quality of children are perlceived by parents 2o substitutes in consumption,
80 that‘(dXIdPn)c ’ (ds/dPn)c > 0. The reduction in Pc will, given relt;tively
high fertility desires, thus likely. increase schooling and reduce mortality.
If income ‘effecta on child health and schooling are positive, these compensated
cross price effects ﬂll be reinforced due to the real income gain brought

about by the reduction in contraceptive costs, the magnitude again depending

upon Nmax - N,

Given the substitution relationship between N and components of child
quality, reductions in fhe price of health inputs, Px or in the price of
schooling will, in nddition to bringing about a decline in mortality and
a rise in schooling (if income effects are positive)thus aiso reduce fertility
as long as the substitution effect outweights the income effect. Without
evidence on whether or not the two components of child quality, schooling
and health of children are substitutes or complements, however, the response
of schooling to a reduction in the price of health goods (13) or the response of
health goods to a‘reduction in the price of schooling cannot be predicted, although,
with small incone effects, these cross price effects should be of the same sign.

While some of the effecgs of changes in the program-related prices
on fertility, mortality and schooling can thus be predicted with few additional
restrictions on the model, a reduction in the component of mort;lity unaffected

by family allocative decisions M will alter N, M and S in a predictable fashion



only with further assumptions about the utility function as ghown in express

(17) through (19):

an Be.v, =
i
M {' ' ‘ dx
asy By |-u = " .
M x| ™ ' M

ds ds ds
9 ==- um(——\- Uy ¥

M X

dM dPné ,er

Indeed, even the direction of change in child mortality experienced by a

family due to a reduction in the environmental mortality-augmenting factor,

given by (18), cannot be predicted, as parents may substitute away from
health and towards other goods; the level of consumption of at least one

good must rise however.3

II. Application
A. Data and Econometric Specification
The model as outlined yields a - system of demand equations for N,

S, M, and E, given by
(20) Ne=N(P, P, P, P, P Yo M)

(21) M =W+ M (X, P Py Ppo Py Y, M)

P

*
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(22) S =S(P, Pov P 2 Y, ¥)

ions



(23) 2z =2(P, B, P, P, P Y, M)

with the first derivatives approximated by (8) Ehrough (19).

A single cross-section of household observations is unlikely to
contain direct price variation of Qubstantial degree. However, geographical
variation in government %ngerventions in the form of family planning, health
care, and educational facil#ties, gince they affect prices in predictabie
ways,can be exploited to both test the model and to ascertain patterns
of program side or cross effects if a) the programs are effective, b)
the geographical moﬁiiity of households is limited, and c) the interventions
are not significantly correlated with the preference orderings of households.
Evidence from India sqggests that immobility of households, particularly
those owning land, is marked (Rosenzweig, 1978 and 1980). However, there
18 also evidence that some development programs in India are targeted (Evenson
and Kisiev, 1977) on the baasis of their anticipated success. Subsequent
estimates of program effects thus must be interpreted with some caution if
such targeting is reievdnt to the programs stu&ied and governmental decision-

makers are accurate in their forecasts of program demand.

The data utilized consist of rural Indiam household survey information
matched with district level Indian census data on health and family planning
programs and infragtructure. The survey was condycted by the National Council
. of Applied Economié Research in three rounds over the yeafs 1968-1971 for
approximately“®#000 rural households and was national in scope. Retrospective
information on total births and child deaths was collected for each adult
voman 1§ the household in each round., Other information useful for- this
analysis consisted of the school at:end;nce of children in the household,

the women's age, the educational attainment of the woman and spouse, and
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land status and acreaga owned.

Data on government family planning and health‘facilities, educational
institutions and water sourcesvere colliected from the 1971 Indian Census.
Two measures of program coverage were constructed, the fraction of villages
in a district with each particular type of service and the per-capita number
of facilities of each tyéé located in the distfict. Although we experimented
with both, the results did not widely differ aﬁd we felt that the former was
somewhat more appropriate since it reflects at least minimal coverage.

About SO percent of the districts represented in thé-sampie survey
could be matched with comparable data. In addition, the final sample was
restricted to women between the ages of 15 and 44 because pregnancy and
child mortality histofieé are unlikely to be accurate for older women. The
total sample reflecting all of these restrictions consists of 1137 women.4
Descriptive statistics and variable definitions for this sample are
presented in Table 1.

The measure of fertility used is the number of children born to the
mother in the 2.5 years prior to the date of the last survey round In 1971.
This measure was chosen because it minimizes recall bias, prevalent in
developing countries, as it is based on changes in actual fertility in
éach of the three rounds of the survey. Additionhlly. since no information
‘was available on the date of implementation of the village-level programs,

a nmeasure of cumulative fertility which includes fertility experienced
many years prior to the date of the survey might in many cases mainly
reflect pre~program condition&;given the rapid growth of such programs in
the 1960's (see below). Because of tiie stochastic nature of fertility,

however, we would expect that the proportion of explained variance
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Table 1

Dascriptive Statistics and Definition

Variable Dafinition Mean S.D,
Eadogenous Household Children born in 2.3 yests prior
to survey <393 331
Wortality rate, number of
children died per live birth 052 143
“Age-Standardized School At- '
tendance Index, all children
aged 5+ 1.08 5.39
Exogensus Program
TPLAN Fraction of villages in district
wvith a family planning clinic 021 026
HOSP Praction of villages in district
with a hospital 017 047
DISP Fraction,...a dispensary 057 068
BCH Fraction....other health facilities
(health centers, nursing homes, etc.)
085 151
TA? Traction of villages in district
with wvater supplied by a tap ,021 .033
114 Fraction....a puap 2122 2322
RIVER Traction...a river .086 134
WELL Yraction...a well . 735 . 193
TANK Yraction...a tank 126 236
niM Fraction of villages in district
with a primary school 707 159
NS Yraction...a middle or primary
school .183 104
Exozencua Bousehold
AGE Mother'a age 29,9 7.25
TARN Praction of landed houaeholds 714 452
ACRES 8ize of landholding in acres 9.55 12.6
EDMP ¥raction of mothera vho have
some primsry schooling 092 +290
me Fraction of mothern whn have
completed primary schooling
but are not matriculatea 042 201
v g fractior of mothera who are
matriculates 016 127
re Yraction of fathers... «223 418
0nree Traction of .athers... <184 387
EDIMP Yraction of fathersees. .......... J49 . 351
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5
for this fertility rate measure would be quite small.

Because of the relatively low incidence of mortality, we use a cunmulative
peasure of child deatha--the proportion of all live births for which the
child subsequently died. The retrospective nature of this variable makes
recall error likely, and, indeed, the mean rate 1is implausibly low. We will
tentatively assume that this error is random, so that roefficient estimates
will be‘cons:lst:ent:.6

The schooling variable is a household-specific index of the school
attendance of children in the household aged 5 and ;ver which standardizes
for the age distribution of the children, given fixed age patterns of atten-
dance based on mean pqpulation age-trajectories. The schooling index

for household k, wit:h..n1 children in each age group i, Ik,is

(24 1 - KL Eys®hg
Iyy®y

where £t = 5 - 9, 10 - 14,14+'¢md';1 ig the mean school attendance rate for
boys (or girls) in age groupi in the population and ey 15 a dummy indicating
vhether or not a child in age group { in household k is attending school.,
Sex specific rates could be computed from the data for children aged 10
and above. |

The program and facility variables are of four types--those relating
to the village coverage of family planning, those refleeting the existence

of medical facilities, principal sources of water and the diatribution of

gohool facilities. The family planning program and those reflecting the existence

of medical facilities can be traced as far back as 1930. The effort has grown rapidly

and was accorded toﬁ priority in the Five Year Plan ending in 1979 with a budget

of Rs 5160 million. In the Five Year Plan commencing in 1951, only Rs
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6.5 million was allocated. As of 1972, there were over 5b00 rural family
planning centers with over 32,000 rural sub-centers. However, coﬁstruction
of clinics has always lagged behind schedule due to bureacratic rather than
financial problems. While these centers are part of a national contraceptive
distribution system which provides contraceptives either free or at sub-
sidized rates, our data ?n?icate that only about 2 percent of the

villages represented in bur sample were covered. The overall program has
not been viewed as successful, as evidenced by the declaration of an
emergency in June 1975 during which time forced sterilization was emphasized.
It was estimated th;f as of 1973, only 15 percent of all married copples
enployed non-traditional contraceptive methods. However, no national
empirical studies whi?h take into account family behavior and health

to estimate the impact of such programs exist. The crude rural birth rate
was 39 per thousand in 1967 and 35 in 1973, although the targét rate was

32. The original target of 25 for 1975 has been rescheduled to 1984,

Lealth facilities reported in the District Census Handbooks are
divided into hospitals (HOSP), dispensaries (DISP), and a general "others"
category (HCNH). This latter cartegory is primarily composed of health centers
and sub-centers, and maternity and child welfare clinics. In some districts,
TB clinics and nursing homes were also included. As of 1967, there were
approximately 5000 primary health centérs and 20,000 sub-centers in rural
areas and over 6000 maternity and child health centers, but only a small
fraction of villages have any health facility in our sample. The#data we
use do not indicate the date each facility was established.

fhe water supply data were divided into as many categories as could

accommodate comparability across districts. There is a residual "others"



category vhich is quite varied across districts. The categories are not
entirely mutually exclusive in the sense that some villages may have more
than a single water source. However, interpreting them as the primary water
source probably should not do great injustice. We would expect that the
ranking of the water sources according to the quality of water associated
with each source would be, from best to worst, taps, pumps and wells, rivers

and tanks,

The prices of the theoretical model are matched to the programs in
Table 2, which also.provides predictions for the compensated effects of the
programs on the three'dependent variables. The signs indicated assume that,
based on evidence, all'components of child quality and family size are sub-
stitutes, wvhile as a tentative hjpothesis, components of child qu@lity are
complements.7 Thus, for example, we would expect family planning ;rograms
to reduce fertility and to be associated with more investments in health
(lower mortality) and in schooling; the presence of a hospital or clinic
should be associated with lower chi;d mortality and should also lead o re-
duced fertility and increased school investment. If income effects are
small, the conférmity of estimated program effects to this array of sign
predictions would represent a strong test of the economic framework,

In matching programs to prices, it is ="t always clear that there
exists a unique correspondence, so that the direct effects of some programs
cannot be predicted. For example, hospitals and dispensaries not only
directly reduce the price of medical servicas and thus Px' but the; may
also redgce the cost of pre-natal care, a component of Pn. Since the

former should be the predominant impact of hospitals and dispensaries, that
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Table 2

Expected Signs of Price Changes and Program Effects on
Fertility, Mortality and Schooling*

Price Program . Live Births Mortality Rate Schooling
P FPLAN - - +
c
Px HOSP - - +
DISP - - +
HCNH - - ¥
P HCNH + + -
n
i TAP most negative most negative least negative
or least positive or least positive or most positive
PUMP
and ‘7\
WELL
RIVER
TANK leaét'negative least negative most negative
or most positive or most postive or least positive
P PRIM - - +
s .
MS - - +

*
Signs assume that income effects are small and all components of child quality

and the quantity of children are (gross) substitutes, while health and schooling

are (gross) complements.
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is ;he assignment given in Table 2. However, ;he residual HCNH, category,
since it consists of health clinics and maternity clinies, likely reduces
both Px and Pn; the net impacts are ambiguous. .While the other program
-price assignments are straight forward, the water source effects on all
three behaviorél variables can only be ranked given the previously

noted ranking of their relative impacts on the exogonoua mortality compenent
. These rankings should be identical for fertility and mortality and

be reversed for schooling under the restrictions imposed on the model.

With respect to household variables we would expect the following
patterns to emerge: - the farm, non-farm distinction, as well as the size
of farm should capture income effects. The level of woman's education,
however may be related to several of the prices. so that its relationship
to the three variables cannot be easily predicted: more highly educated
women may face higher 1evels of P 0’ P and P (f X is inclusive of own
time inputs), assuming they have higher market wage rates; if they are more
efficient contraceptors and more efficient health producerg they will face
lower levels of Pn' Pc’ and Px. The impacts of father's education, if
father's time is a relatively unimportant input into the production of
1ive births or survival after birth, should mainly reflect income effects.
B. .Estimates

a. Program Effects

The coefficient estimates obtained from the estimation of linear
approximations to equations (20) through (22), after substitution of the
programs and facilities for érices, are given in Table 3. yith respect to "own"
gffecta,-which provide estiﬁates of the effectiveness of the programs or

facilities in achieving their presumed direct goals » family planning programs
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Table 3

Laotimates of Program and Household Charucteristics Effects on Yertility, Child
Mortality and Schooling

Indq.undcnt Live Births in Mortality Rate Scheol Atten-
Variable Past 2.3 yearo dance Index
TPLAN -2,41 =,846 5.17
(2.06) (2.42) (.417)
RoSP «.124 ~d19 29.4
€.085) {1.03) (1.89)
D1sP -1,38 -.873 3.19
(1.68) (3.61) .37
BOMH 1,88 «387 -3.83
(3.32) (3.54) (.637)
TANK =.062 .039 =-,503
(.643) 1.34) (.493)
RIVER 082 .183 -4,09
(.336) (2.65) 1.59)
WELL -.127 071 -2,10
(1.14) (2.17) (1.78)
e 135 091 -.037
(2.17) (5.10) €.036)
Ty -.698 -.460 7.33
Q1.27) (2,91) (1.26)
NI «126 046 2,29
(.790) (.993) (1.36)
¥8 -.927 067 -6,.86
2.44) (.594) Qa.711)
AGE .079 -,005 +203
(4.58) (.890) Q.11)
ace? -.002 .000 -.003
(5.83) (1.02) (1.08)
FARM 019 =,020 +397
(.49) (1.76) (1.45)
ACRES -,002 =,001 =-,011
1.21) 1.70) (.740)
AP =-,011 001 2.04
(.200) (.041) (3.50)
DMrP -.034 -.015 T.702
(.422) (.631) (.822)
ors i d «191 -.058 377
(1.38) (1.61) €.450)
Bre +008 002 1,11
(.196) (.136) (2.64)
©oree 018 =,007 +865
(.415) (.579) (1.86)
©one =,006 <004 <719
(.121) (.23%) 1.3)
Intercapt -,293 +042 =1,93
(1.06) (.433) (.662)
%o, obR. 1137 1013 1137
'r 7.16 4.09 2,22

2 117 078 .039 (\

Best Available Document
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appear to reduce fertility, the prevalence of both hospitals and dispensaries
appears %o be associated with lower child mortality rates and the coverage
of primary gchoclgappears to be positively related to school attendance,
although such rates appear to be lower in districts with more middle-level
schools per village. While neither the hospital effect on mortality or
the primary school effect on attendance are measured with much precicion,
the programs thus do appear to be "effective" in the sense of encouraging
or discouraging targeted behavior in the direction intended, given approximate
random program or facility placement. |
Based on the éubatitution-compleméntarity restrictions, there are 15
coefficients which are signed by the model--the coefficients of FPLAN,
HOSP, DISP, PRIM, and MS in each of the three equations. Of these, eleven
aré correct. In term; of statistical significance, of the 11 correct signs,
all but 4 are significant at the 5 percent level (one-tailed tesﬁ); while
of gﬁe four incorrectly 8igned coefficients all but one are not significant,
Moreover, of those coefficients which cannot individually be signed relating
to the water sources, the sets - ;f coefficients display a remarkable con-
formity to the patterns predicted--for example, where water from a tap is
most Prevalent, both child mortality and fertility are lowest while child
school attendance takes on the highest value. Similarily, water from a
river, associated with the highest child mortality of the sources considered,
is also associated with the lowest schooling levels of children and the
second highest level of fertility,
The matrix of coefficients associated with the programs and facilities
thus appear to confirm the general symmetry properties of the household choice

model and to suggest that the cross effects of the programg, or at least the
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ones considered here, are not unimportant. Moreover, the coefficient patterns,
which indicate that parents in India viev family size and investments per
child as substitutes but components of'child investments as complements,
suggest that if health improvement, increased schooling and lower fertility
are policy goals, then the effectiveness of each of the family planning,
medical facility and school facility programs, if evaluated oanly with respect
to own or targeted effects, would be underestiméted. Similarly, each of the
three prbgram types appear to be substitutes in the sense that any one e;—

courages similar behavior with respect to the three choice variables considered.

Table 4 reports the comparative quantitative effects on fertility,
mortality and schooling of doubliﬁg éhe coverage of the family planning
program, hospitals and dispensarics and taps relative to selected other
water sources based 69 éhe coefficient estimates; These estim;tea suggest
that doubling the nﬁmﬁer of viliages with family planning programs (from
2 to 4 percent in our.sample) would reduce fertility rates by 13 percent;
if this occurs over the éntire child-bearing period this reduction would
translate into a one-half child decline in completed family size (mean =
6). The effect on child health is to evidently reduce the cumulative child
mortality rate by .018; or by about 10 percent if the coefficient is measured
accurately and the true mortality rate for children is (approximately) 20
percent. Schooling attendance would appear to rise, however, by 11 percent
-as & consequence of doubling family planning coverage. Although the schooling
effect ie measured imprecisely, in percentage terms family pl;nning thus appears
to affect the three behavioral variables comparably--cross or indirect effects
on mortality and schooling are as large as the direct effect on fertility.
Hovever.‘thé combined fertility-rmortality effect of doubling family planning
coverage on surviving family si. . is a decline of approximately 0.4 children,

i.e., a net reduction in population growth.
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Table &

Effects of Doubling the Village Coverage of Selected Health and Water Facilities

on Fertility,_Hprtality. and School Attendance

Facility Live Births Mortality Rate School Attendance
" Index
FPLAN -.051 -.018 109"
HOSP -.002" -.007" .500
.' ]
DISP f.079 -.050 182
TAR/PUMP -.017 -.012 161"
*
TAP/WELL -.012 -,011 .198
. .

#
Regression coefficient not statistically significant at conventional levels of
significance.



Doubling the village coverage of dispensaries (to 11 percent in our
sanple) would appear to have larger impacts on all three variables than would
a similar percentage jyncrease in family planning or hospital coverage, with
the exception of the schooling impact for the latter. Fertility would
appear to declire by 20 percent (just over three-fourths of a child) and
the mortality rate by .05 ‘(approximately 25 perFent) while schooling attendance
woulh rise by 18 percent (aéain, measured impre?isely). While the impacts of
déubling the coverage of hospitals (to 3.4 percent) on both mortality and
fertility appear to be minimal the impact on school attendance appears
implausibly large, suggesting that the geographical distribution of hospitals

may not have been unrelated to the supply of human capital,

b. Income and Educgtion;!ffects

The associations between the household-level variables and the
three dependent variables appear to be somewhat weaker than those between
the areal program measures and the household activities. The FARM and
ACRES variables indicate that child mortality is lower in farm families,
by about 10 percent given mean mortality rates of .2 , and appears to
decline with farm size. Farm households appear also to invest significaﬁtly
more in child schooling then do ruralnon-farm households, although there
Appears to be no relationship with size of farm. While these findings
suggest that child health andechooling are positively related to wealth
or income, the gross-income effect on fertili;y appears to be weakly negative,
with larger farms exhibiting somewhat lower birth rates.

Of the sets of education dummies, only those in the school attendance -
equation sre statistically significant (P = 4.70,F(6,1000 ) = 2.01). Thus while it
appears that more educated parents tend to inveét more heavily in the schooling

of their offspring, they do not appiar to have lower numbers of births or to



raige children with lignificant;y greater survival prospects. Finally, in
order to ascertain if program effectiveness is related in India to the schooling
attainrment of parents, all the educational dummies were interacted with the
variables FPLAN, HOSP, DISP and HCNH, No support fdr the hypothesis that such
programs have differential etfegts on educatioé groups was found,- however, as
none of the sets of education-proggan interactions in any equation was

statistically significant at conventional levels.

I1IX. Conclusion

The results of our empirical anaiysis based on household-level
and areal program data reveal that rural houscholds in India view fertility
and two characteristics of children, schooling and health, "as substitutes,
while schooling and child health are themselves viewed as complements.
As = consequence, it appears that the provision or subsidization of
contraceptives or medical services or the improvement of water sources
are mutually reinforcing alternatives for implementing policies

which seek to jointly lower population grovth rates, improve child survival

and augment achooling.8 Moreover, these results suggest that 1f preference struc-
tﬁtes are identical over time and space, some of the unintended impacts of governmental
interventions wvhich are aimed at altering household-behavior in any one
of these dimensions can be anticipated prior to implementation,
{nformation which is valuable for the formulation of cost-effective policies.
However, the methodology employed in this paper is predicated upon
the assumption that the governmental program allocation process is random
with respect to household decision variables. If this were not so, then
a unidirectional causal interpretation of programs as affecting outcomes
would not be warranted. In this case, knowledge of the specific allocation

formula or of some of the poiitical determinants of the progran distribution process

that are unralated to household choice would be required to disentangle the program

fmpact from the allocation decision rule. Future work addressing this

i{ssue would seem necessary.
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FOOTNOTES

IThe most prevalent studies assessing program impacts on a single be-
havioral variablg are those éoncerned with family planning. Hermalin (1972)
revievs multiple studies on the impact of fsmily planning programs in
developing countries using multivariate techniques which were published in
the early 1970's. None examine impacts beyond fertility effects. Indeed,
in a num$er of studies (Hermalin, 1972, Khan and Sirageldin, 1979) which
estimate the effect of family planning on fertility,such behavioral variables .
as child mortality, child schcoling and the mother's labor force participation
are treated in a simultaneous equations framework as "structural” determinants
of fertility, to be "héld constant". Such studies, by artificiallyrestricting
substitution possibilities, do not provide policy-rele;ant estimates of
program effects, Yor # further discussion of the appropriatemess of eimulta-
neous gquations eatimaéion strategies in the context‘of a household wodel,
see Rosenzveig and Wolpiﬁ (1980b).

28crimahaw (1978) reviews the evidence that the survival of children

in a developing country reflects the resource allocation decisions of house-
holds. Rosenzweig and Schultz (1980) provide evidence from India that sex-

differences in child survival rates are associated with economic factors.

3Expreaaion (17) indicates that an exogenous decline in the mortality
of children has an ambiguous effect on fertility, depending on the
characteristics of the household utility function. The assumed long-run
downuvard adjustment of fertility in response to mortality decline, the
“replacement effect", is a fundamental proposition of the demographic
transition hypothesis which appears to require the 1mp991tion of restrictive

assumptions about behavior,
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‘The restricted sample containe households from 50 districts, approxi-

mately one-sixth of the total number of districts in India.

sthe large concentration of zero-value observations for this variable
suggests that estimation with the Tobit procedure would be preferred to
OLS. Experimentation with these alternative techniques on this variable
in Rosenzweig (1979), however, revealed no significant differences in results.

We thus report OLS estimates below.

6Feeney (1980) presents evidence that the bias regarding child dealths
does not appear to reflect changes in economic conditions ;F a number of
developing countrieé.' Because the mortality rate is undefined for married
women with no live births, we estimate the mortality regression over a
sample of women with at least one live birth, resulting in a reduction in
sample gize of 124 women. Estimates of the program effects on the other
dependent variables obtained from the restricted sample did not differ

gignificantly from those reported below.

7The incorporation into the model of a scale effect, discussed above,
would make it more likely that child survival and child schooling would
appear to be complements, as an increase in the likelihood of survival
would raise the expected returns to (and thus lowers the net cost of)
{nvestments in children. Similarly, the hypothesized quantity-quality
.intcraction of Becker and Lewis (1973) would tend to make family size and
components of child guality appear to be substitutes.

8
As long as policy-makers have multiple objectives, more than

one policy instrument or program is generally required even if all programs
are substitutes in the sense defined above. The optimal program mix

will, of course, depend on relative program costs as well.
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