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Birth Spacing and Child Survival:
Compar ative Evidence from India and Pakistan

1. INTRODUCTION
The present paper examines the inter-reaionship between fertility and child mortdity and compares
the behaviour between householdsin the Indian and Pakistani Punjab.

Andyss of the two-way rdaionship between fertility and child mortdity is centrd to the
populaion planning programmes in low-income countries. While shorter birth spacing and higher
fertility may be responsible for higher child mortdlity in these countries, higher child mortality may aso
cause higher fertility (and terefore shorter birth spacing). On the one hand, parentd investment in
children crucidly depends on the duration between successve hirths, especidly if parents are
resource condrained. In particular, the closer gpart the children are (i.e., the shorter the age
difference between successve children), the greeter is the competition among sblings for limited
parental care and resources and the greater is the potentid of the child not surviving. Thisis known
as the sbling competition effect. Shorter birth interval dso means more materna depletion and
therefore lesser ability of mothersto take care of young children. On the other hand, early child death
might aso result in a reduction in the duration between successive children because parents want to
replace children that have died. Thisis known as the child replacement effect.

Much of this exiging empiricd evidence is derived from the estimation of child hedth
functions (for example measures of child surviva, child mortdity, anthropometricd indicators, like
weight-for-age, height-for-weight) only. This literature highlights the role of income and poverty
(Behrman and Knowles, 1999), parentd especidly mother’ s education (Behrman and Wolfe, 1984),

as well as that of gender differences, birth order and other sibling characteristics (Dasgupta, 1997;



Garg and Morduch, 1998; Pal, 1999) in low-income regions. In this paper we depart from this
tradition and argue that child hedth is closdly rdated to household decision of spacing consecutive
births. Consequently, one cannot treat birth spacing to be exogenous while determining child
mortdity and vice versa for determining birth spacing. In an attempt to reduce the (potentia)
endogeneity bias, we treat birth spacing and child surviva as correlated hazard processes. The
hazard of child survival depends on the duration to the next birth while the hazard of subsequent birth
depends on child survivd, given the vaues of other individud, shling, parentd, household and
community characteristics. A further distinguishing characterigtic of our modd isto control for mother
specific unobserved heterogeneity, which accounts for hedlth or genetic endowment of the couple
(which are private information and are not observable in the data-set), but are likely to sgnificantly
affect mortality risks of children.

The analyss is based on the Nationd Family Hedlth Survey (NFHS) 1992 — 93 data from
the Indian province of Punjab and the Pakistan Integrated Household Survey (PIHS) 1991 data
from the Pakistani Punjab province. The comparison between India and Pakistan generates obvious
interests: while households in these provinces on either sde of the border share a common history
they differ in terms of religious and palitical inditutions. The paper contributes to the literature in
severa ways. Firgt, dthough attention has recently been turned to the effects of high fertility, largdy in
the form of shorter birth-spacing and concentration of births, on levels of infant and child mortality
(especidly in Pakistan, see for example Cleland and Sathar, 1984), most exiding estimates of
mortality treat fertility to be purely exogenous. We are not aware of any exiging sudy that jointly
esimates birth spacing and child survival as correlated hazards in an atempt to reduce the
endogenaity bias of esimates of child hedth Secondly and more interestingly, the comparison

between Indian and Pekistani Punjab gives us a unique opportunity to examine the effects of religion



and sate policy on child surviva that remain much unexplored in the literature’ While these
provinces are highly prosperous in their respective countries and share a cmmon socio-cultura
background, they are sufficiently different in terms of religious compogtion and state policies (Snce
their partition in 1947). Differences in religion and state policies in the two provinces have for over
the last five decades shaped the demographic (e.g., with respect to trends in use of modern
contraception, fertility, literacy, especidly women'sliteracy and employment) development differently
and could explain at least partly the differentid pattern of child survival.

The rest of the paper is organised as follows. Section 2 rationdises the econometric
methodology used to jointly estimate child survival and birth spacing. Section 3 discusses the data

sets and selected descriptive statistics. Section 4 discusses the results and Section 5 concludes.

2.HYPOTHESES AND METHODOLOGY

Quantity-quality trade-off is central to an understanding of the Beckerian models of the household
and fetility (Becker and Lewis, 1973; Becker, 1981). On one hand, resource constrained
households care about current income and hence choose to have more children. The decision to
have more children is typically reflected in shorter duration between children. On the other hand to
the extert children continue to live with their parents as adults, children of higher qudity are likdly to
contribute more to the household resources in the future. Therefore to the extent households
maximise the net present vaue of lifetime earnings, households would prefer to have children of
higher qudity. An increase in the number of children and/or shorter spacing will reduce the hedlth of

the children (via reduced dlocation of resources per child and dso parentd efforts to distribute

! Some demographers have argued that Muslim societies are often predisposed to high fertility and unmet need
for contraception Cadwell, 1986) though the underlying rationale behind this observation has seldom been
thoroughly investigated. One possible hypothesisis the lack of women’s autonomy in the Islamic society though
Jejeebhoy and Sathar (2001) reject this hypothesis for their comparative study on Indiaand Pakistan.



resources equitably among living children) and their future earning capacities. This trade-off judtifies
our interest to examine if there is an empiricadly sgnificant relationship between birth spacing and

child survivd in our samples

2.1. Hypotheses
Mogt exidting evidence of the rdationship between fertility and mortality are based on individud
uncorrelated estimates of fertility in terms of mortdity (assumed to be exogenous) and mortdity in
terms of fertility (agan exogenous). It is however important to treat fertility and mortdity as
endogenous in household decisontmaking. This dso dlows us to examine the nature of mutud
causation between these demographic variables.

Exiging literature highlights the role of various individua, household and community-level
factors on this reaionship. Among various household characteristics, World Bank tends to

emphasize the role of household income (or expenditure) on manutriion and child mortdity

(Behrman and Knowles, 1999) . This is because household income or expenditure reflects
household command over different inputs, e.g., food, clothing, residence, sanitation, medica care, in
the child hedlth production function Behrman and Wolfe (1984), however, argues that this emphasis

on household income, however, tends to ignore the sgnificance of parental, especialy mother’s

literacy, which is an important determinant of the technology of achild’ s hedlth function.

Gender of the present child may also affect subsequent birth spacing and therefore child

surviva. Even if we assume that parents cannot choose gender of a child (i.e., gender is exogenous),
gender of the firgt child may influence parerts to Srategicaly determine subsequent birth spacing, by
updating their fertility preferences. Thus given the gender of the child (known only after the child is

born), parental decision to have an additiona child will depend on the expected child earnings net of



costs of bringing g a child® as well as the randomness associated with having another child of
desired gender. Thisin turn suggests that parents characterised by son preferences are more likely to
increase the duration between successive hirths if the current child is a boy than if the current child is
agirl, which in turn affects child survivd. Pal (1999) argues that this gender differencesin childhood
malnutrition perssts even with increase in household income and female literacy.

Compostion of dblings (eg., that related to birth order, age difference or gender

composition of older sblings) may dso affect child hedth outcomes in many low-income countries.
This is because more sblings means changes in vaue of household resources per consumption unit.
Also, genedly it is assumed that parents atempt to distribute resources equitably so that
arriva/demise of sblings means an dteration of dlocation of resources among existing sblings.
Avallable findings however tend to vary from one country to another and aso with the assumptions
of the mode. These highlight the role of birth order (Horton, 1988), number of sstersbrothers (Garg
and Morduch, 1998), number of older Ssters (Parish and Willis, 1994; Dasgupta, 1987)

Raole of religion and sgate: Mudim societies are often predisposed to high fertility and child

mortality (compared to nor-Mudims). While some argue that this is related to lack of women's
autonomy in decisons regarding fertility and child hedth as promoted by Idam Basu, 1992),
empirica tests do not always support this (e.g., see Morgan, Stash, Smith and Mason, 2002). In our
attempt to understand the demographic trends in Mudim and non-Mudim society, we consider two
more factors. First one cannot deny that religious identity is intertwined with socio-economic status,
hedlth infrastructure and other unobservable determinants of mortdity. Second, wefare state can

effectively intervene to assst demographic development, as has been experienced elsewhere (e.g.,

2 This assumption accounts for the male-female differences observed in many south Asian societies including
India (e.g., see Rosenzweig and Schultz, 1982). Very often female job opportunities are rather limited and more
importantly the female child leaves parents' household after marriage while the male child when adult earns to
look after the retired parents.



China) in the continent. The latter has guided our choice of samples, namely, households in the Indian
and Pakistani Punjab. While these households are socio-culturdly very smilar because of ther
common origin, they were partitioned in 1947 primarily on the basis of their religion and have been
ruled by very different types of states snce then. Thus the comparison of sample households in India
and Pakistan would highlight, ceteris paribus, the differentid role of religion and state among other

things (see further discussion in sections 3 and 4).

2.2. A Corréated Smultaneous Hazard M odel

The rlaionship between fertility and child mortdity is complex and much of the literature has not
taken account of the smultaneity between fertility and child mortdity. In our empirical andyssthisis
assesad in terms of correlated hazard models of birth spacing and child mortdity with unobserved
mother-specific heterogeneity.

The two variables of interest in our analyss are the number of years the child was dive
before dying (SURV) and the duration, in years, to the next birth following the birth of a particular
child (NEXT). Both these variables are modelled as failure time processes represented by separate
log hazard equations — log hazard of mortaity and log hazard of subsequent birth.

The andys's is based on an estimation of smultaneous hazard model (Lillard, 1993).% The
present paper uses the technique of smultaneous hazards to examine the relaionship between child

gpacing and child surviva. The log hazard of the next birth equation for thej™ womean, j=1...,n is

h"(t)=by+b.T,(t)+b,X,+I  +e 1)

J

and the log hazard of surviva equation for thei™ , i =1,...,k child bornto thej™ womenis

% They used the technique to jointly determine marital dissolution and birth conception hazard. See also Panis and
Lillard (1994), Brien and Lillard (1994), Brien, Lillard and Waite (1999) and Gangadharan and Maitra (2003). These
papers have used the framework of simultaneous hazardsto examine very different problems.



h°(t) =a, +aT,(t) +a,X, +1, +u @)
Here X; and X, are two sets of exogenous and potentialy endogenous explanatory variables
that affect the hazard of survival and the hazard of the next birth.

An interesting festure of our estimation is theincluson of theterms | | and | ¢ that represent

the mother/parents specific unobserved heterogeneity in the two hazard equations. They essentidly
account for the unobserved mother/parents specific biologica or hedth endowments (for example,
hedth or genetic endowments of the parents) that are common to al children born to the same
woman. The unobserved heterogeneity terms are assumed to be uncorrelated with other explanatory

variables. It is argued here that ignoring these unobserved heterogeneity terms (given by | and | )

might serioudy bias our estimates. All other resdud varidion is cagptured by e and u, with

e~IIDN(0,1) and u~IIDN(0,1).
Fndly T, (t) and T, (t) represent separate “clocks’ of duration dependence of the hazards

that determine the basdine hazard. They are essentidly solinesin time since the individua becomes at
risk of the event — risk of dying or risk of having ayounger sbling. Let us denote the time & which an

individud enters the risk of an event by t, and we subdivide the duretion t- t, into Sdiscrete

periods. Then the basdline log hazard function is defined as a spline or a piecewise linear function and
the log hazard of the event will have different dopes over the duration. So the basdine hazard

functions can be written as

S+
b, + blTl(t) =b, + é Dy, Ty (t)
:1 g
[o]
a,ta;l, (t) =a, ta ayTx (t)

k=1



In other words, the basdline log hazard is he sum of the effects of the various sources of time
dependence within the period of risk for an individuad and the resulting log hazard equeation is
piecewise linear in time since the episode began.

Both variables of interest (NEXT and SURV) are censored. If a particular child is dive at
the time of the survey then SURV s censored and if a particular child is the youngest (or the only)
child till the survey date then NEXT is censored. Also SURV equdls the age of the child at the time
of the survey if the observation is censored and NEXT equals the duration between the birth of the
child and the survey date if the observation is censored. The conditiond likelihood of child mortaity
can be written as

S = G(t, z(t°),! ) if the child is alive at the survey date (censored)

L"(1,)=1s" =6(t, Z(t").1,) if the child is dead at the survey date
or lived to the age of 10(uncensored)

and the conditiond likdihood of duration to next birth can be written as;

15° =G, (t,Z(t°),1.] if the child is the youngest or only child (censored)
|, S

C(a)=1 BT .
}S” =G (t, Z(t“),l S) if the child isfirst or middle born (uncensored)

Thejoint margind likelihood is
RO L (1,)O (1 )yt (1,1,)dl i, (4)
Inls

where f (1,1 ) denotes the joint distribution of the unobserved heterogeneity components. Here

n'’ s

f(l 1) isassumed to beatwo dimensional normal distribution characterised as follows

S =S8 (5)
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The full specification modd is estimated jointly usng Full Information Maximum Likelihood (FIML)

method.

3. DATA, DESCRIPTIVE STATISTICSAND EXPLANATORY VARIABLESUSED

3.1. Data and Descriptive Statistics

The empirical analysis is based on two data sets: the NFHS 1992-93 household-level data and the
PIHS 1991 household-leve data from the Indian and Pakistan Punjab provinces respectively. Since
child mortdity is more common among younger children in South Ada, in each case we right censor
the age of the children at 10 years. Duration between successive births (birth spacing) is measured
by the age difference between a child and its immediate next sbling (NEXT). Naturdly, child’ s birth
order is important in any sequentid/joint analyss of birth spacing and survival. For example, the
question of subsequent birth spacing is not of direct relevance for the only children and dso for the
youngest ones. Both these groups of children are censored — in this case the duration to the next
birth is equd to the duration between the birth year of the child and the survey date. Thereis no such
problem in the estimation of the child survivd hazard (SURV), which is measured by the surviva
duration of the children, age being right censored at 10 years.

Comparative country-study of this sort is useful to study the differences in the nature of the
problem across different societies. The comparison between India and Pakistan generates obvious
interests. While the two countries differ in terms of their religious and palitica indtitutions, households
in these provinces on either sde of the border share a common socio-cultura background owing to
their common origin. Though Pekistan has a higher GNP per capita. compared to India, the indicators

of demographic well-being are better in India. For example, the infant mortaity rate, the crude birth
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rate and the total fertility rate are al higher in Pakistan.* Literacy rates too are significantly lower in
Pekigtan: the adult femae literacy rate in Pakistan was only 22% as againgt 39% in Indiain 1992; the
corresponding figures for adult male literacy were 49% in Pakistan as againgt 64% in India. These
differences may in part be accounted for by the differencesin religious beliefs, which in turn are likely
to shape the officid population, education and employment programmes in the two countries in the
post-1947 period.

Among various Indian states, Punjab had the highest per capita net state domestic product in
1991 — 92 and the lowest poverty head count ratio (both for the rurd and urban areas). How has
Punjab compared to the rest of India? An interesting comparison can be made with the state of
Keraa, which has achieved demographic indicators comparable to more developed countries. In the
year 1991 — 92 the net state output per capitain Kerdawas haf the leve in Punjab. However, the
infant mortdity rate in the Indian Punjab was 57 per thousand live births (as opposed to 17 per
thousand in Kerda); the totd fertility rate of the state was 3.1 in 1991 (as against 1.8 in Kerda). In
addition, mae (65.7%) and female (50.4%) literacy rates in 1991 in Punjab were significantly lower
than those in Kerda Unlike Keraa, there is sgnificant evidence of son preference in the State of
Indian Punjab (see Dasgupta, 1987).

Among the four Pakistani provinces, (Punjab, Sindh, North-West Frontier Province and
Bduchistan) Punjab is the most prosperous and densely populated province in the country containing
about 56.5% of the tota population. In terms of various demographic and Socio-economic
indicators, Punjab has performed better compared to the rest of Pakistan. An andyss of the
Pakistan Integrated Household Survey (PIHS) 1991 data suggests that the average number of years

of education for Punjabi women is 1.34 years compared to 0.91 years for women residing in the rest

41n 1992, the infant mortality ratein Indiawas 79, compared to 95 in Pakistan. The crude birth rate was 29 per 1000



of Pakistan. The average number of years of education for Punjabi men is 4.16 years, which is
sgnificantly higher than an average of 3.33 years for men residing in the rest of Pekistan. Average
household income in Punjab is dso significantly higher compared to that of the rest of Pakistan.
While dl the sample rouseholds in the Pakistani province are Mudims, most households in
the Indian Punjab are either Sikhs (58%) or Hindus (39%) - only 1.5% households were Mudimsin
the Indian sample. One can identify certain behaviourd differences between Mudim and non-Mudim
households in the Indian Punjab. For example, compared to non-Mudim households, sgnificantly
lower proportion of Mudim parents was literate and was using some contraception (Sterilisation as
well as other traditiond or modern methods). As a result number of children ever born was
sgnificantly higher among Mudim households in the Indian Punjab. The contraception use was even
lower among the Mudims in Pekistani Punjab. Of the four Pakistani provinces, Punjab has the
highest prevaence levels (though the NWFP experienced the most rapid rise in contraceptive use in
the early 1990s). According to the Pakistan Demographic and Hedlth Survey 1990 — 91, use of any
modern nor+termina method has been only 9% as againgt (14% in India and 32% in Indian Punjab
taken as a whole).” There are dso significant differences in the two countries with respect to both
totd fertility rates and aso women's education. The average number of children ever born was 5.03
for Pakistan as a whole (4.22 for the Punjab province) compared to 3.4 for India as a whole.? For

India as a whole 61.5% of women had no education, compared to 79.2% for Pakistan as awhole.”

in Indiacompared to 40 per 1000 in Pakistan and the total fertility rate was 3.7 inIndiacompared to 5.6 in Pakistan.
® Source: National Family Health Survey data 1992 — 93, India. Male and/or female sterilization turn out to be a
popular method in India, primarily provided free by the Government health services. The proportion of currently
married sterilised women below age 49 years was 32% in Indian Punjab while the national average is 27% during
the survey year. On the other hand from most accounts, the fertility transition in Pakistan finally began in the
1990's — much later compared to its South Asian neighbours Bangladesh, India and Sri Lanka. See Sathar and
Casterline (1998).

® The numbers for Pakistan are obtained from the PIHS data set and for India from the NFHS 1992-93 survey.

DHS Pakistan survey 1990-91 and the NFHS 1992-93 survey for India.
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Thus, ceteris paribus, this comparative andys's would, to some extent, reflect the differences in
household behaviour in fertility and child surviva between Mudim and Nor+Mudim households.

There are atotd of 2995 women in the Indian sample, who have given birth to a tota of
8798 children. However, as many as 40% women in our sample were derilised a the time of the
survey and therefore we exclude the youngest child of these sterilised women. This reduces the
number of sample children to 7896 of whom 51% were boys. About 34% of these children were
Firg born (which dso includes the only children) and the rest (5188) middle-order and youngest
(Non-first born) children taken together. Of the total number 7896, 680 (about 8.6%) children died
before reaching age 10 years (an overwhelming mgority 71% of these children died before they
were one year old). While about 8% of First born children died, adightly higher proportion (9%) of
Non-first born children died before reaching their 10 birthday. Child mortality rates in our sample
varied with the gender as well as birth order (First born or younger) of the current child: among the
children, who died, there were a dightly higher proportion of First born boys (9.5% as compared to
7% Firgt born girls). In contrast, a higher proportion of Non-first born girls (10% as against 8.4%
boys) died. Biologicaly boys are a ahigher risk of death than girls and therefore the fact thet in the
sample under consideration girls are more likely to die (before the 10™ birthday) compared to boys
isindicative of discrimingtion againg girlsin the form of inputs.

The Pakistan sample consists of 9465 children born between 1955 and 1990, born to 1889
women. There were 4859 (51.35%) boys and 4606 girls in this sample. In the case of Pakistan,
there were very few twins and these were deleted from the sample. Of the 9465 children in the
sample, 1418 (14.98%) survived less than 10 years. 14.55% of the girls died before the 10"

birthday while 15.39% of the boys died before the 10" birthday. However the
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sex differentid in child mortdity rates was not sgnificantly different. We dso consider if there was
any birth order differencesin child mortaity. While 16.92% of the First born children died before the
10" birthday, only 14.46% of the non-first born (middle order and youngest) children died before
reaching the 10™ birthday. The difference is statistically significant at the 1% significance leve.

Table 1 summarises the means and standard deviations of selected variables for the two
samples. It follows that mortdity rates in O — 10 years age group is higher in Pakistan while birth
spacing is dightly lower. Also number of children ever born to sample women is higher while parental
literacy levels, especidly mothers' literacy levels, are Sgnificantly lower for the sample children in the
Pakistani sample® Religion may have a direct impact on fertility and child mortdity in our sample, but
it may aso interact with socio-economic and cultura factors and other unobservable variables (eg.,
hedth and public services) to affect femde literacy, which in turn may exert some indirect influence

on these demographic variables®

3.2. Explanatory Variables Used
The only child characterigtic that we include in both the hazard equations relates to the gender of the
child (BOY). Given the bias (perceived and otherwise) againg girls in the Indian subcontinent, one
could expect higher mortdity rates among girls and a grester duration to the subsequent birth
following the birth of ason.

Early death of child i could result in reduced duration between child i and child i +1. This
is the child replacement effect. Hence we include SURV as an explanatory variable in the estimation

of NEXT. On the other hand NEXT could have a sgnificant effect on SURV as well. Reduced

& Lower female literacy may explain higher fertility in anumber of ways: (a) lower age at marriage and age at first
birth; (b) lack of knowledge of modern contraception and their efficacy; (c) lower female autonomy in fertility and
child health matters.
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duration between successve children, given finite household resources, could result in lower child
quaity and hence increased likelihood of child death. On a similar vein it is likely that duraion
between child i and child i- 1 (PREV) is likely to have adgnificant effect on both child surviva and
the duration to next birth. One would expect a reduction in the duration between child i and child
i - 1 to reduce the hazard of child surviva, but we have no prior as to what the effect of PREV on
NEXT will be. But we include them as important indicators of competition among siblings for limited
household resources. We aso include an interaction term between NEXT and BOY, namedly,
INEXTBOY, which captures the gender differentid in the pogterior birth spacing on child survival.
We tried including this variable for both the Indian and the Pakistani samples; but since this variable
turned out to be inggnificant for the Pakistani sample, we decided to drop it. We dso includeisthe
proportion of elder shlings at birth that are females (POLDF) as an explanatory variable. This could
aso reflect the extent of inequality among sblings. However, the effect of ‘having older ssters on
child surviva may be ambiguous. For example, Garg and Morduch (1998) argue that having more
ggers a birth results in improved child hedlth in Ghana, particularly for boys. In contrast, Dasgupta
(1987) and Pal (1999) find that Indian girls are worse off if they have older Ssters

Among various parenta, household and community characteristics, we include characteristics
pertaining to each parent like age a birth and education. In case of Pakistan we include two
dummies to reflect parentd age at birth, namely, AGEM1 and AGEM3 for the mother and AGEF1
and AGER3 for the depending on the age distribution in each sample. For the Indian sample,
however, we include three age splines (AGEM 1, AGEM2, AGEM3 and AGEF1, AGEF2, AGEF3
respectively for mother and father) depending on the quartile distribution of age father (see Appendix

for further definition of these variables). These age variables (dummies in the case of Pakistan and

 We cannot however test the differences between Muslim and non-Muslimsin the Pakistani sample as all sample
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lines'® in the case of India™) account for the possible non-linearity in the parental age effect on
child spacing and child surviva. Of particular importance are parentd education levels. Mother's
educationd attainment is captured by including two dummies EDUCM1 (the highest education
atained by the mother is primary school) and EDUCM2 (the highest education attained by the
mother is more than primary school).*? The same dummies are used for both the Indian and Pakistani
samples. To account for father's educationd attainment in the regressions using data from Pakistan
we include two dummies. EDUCF1 (the highest education attained by the father is primary school)
and EDUCF?2 (the highest education attained by the father is more than primary school).*® However
for the Indian data s&t, information on father’s education is not as detailed and we only include a
dummy variable to indicate whether the father can read or write (LITDAD). One would expect
mortality rates to be lower for children with educated parents. It is argued that education lowers the
cogt of information and it is likely that more educated parents have a better understanding of the
vaue of public hedlth infrastructure and are better able to utilize these services. Educated parents are
aso likely to be better aware of the fact that reduced duration between children is likely to have an
adverse effect on child quaity and therefore are more likdly to increase the duration between
children.

For the Indian data set, there is no information on household income/expenditure. We

therefore included a variable PCASSET, which is a composite asset index.* The Pakistan data set

households were Muslims.

1% We transform the continuous age variable into piecewise linear age splines. Each new variable represents the
original age variable on a specific segment of its range so that the estimated effect of the splines is no longer
linear, but piece-wise linear. These spline coefficients may directly be interpreted as slope coefficients (Panis,
1994).

1 We chose these two different sets of age variables for the two samples as these yielded the best results in
terms of the measures of goodness of fit (e.g., Log-Likelihood functions, t-statistics).

2 The reference category is that the mother has no education.

3 Once again the reference category is that the father has no education.

¥ We use principal component analysis to construct this index from household ownership of agricultural land,
farm equipment, cycle, scooter, car, radio and television.
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has information on household expenditure, which is an indicator of the economic Satus of the
household. However the problem is that household expenditure could be correlated with the
unobserved determinants of both child mortality and duration between successive children, leading to
a dandard endogeneity problem. Hence we generate an instrument for log household expenditure as
follows. We regress log of household expenditure on a set of household characteritics including
educationd and demographic characterigtics of the household head and a set of household
infrastructural  variables. The predicted vaue of log household expenditure was used as an
explanatory varidble in the hazard regressions. The results for the first- stage regression are presented
inTable AL

For the Indian data we include two rdigion dummies (HINDU and SIKH where the omitted
category indudes minority religious groups like Mudim, Buddhigt and Christians). In the Pakistani
sample, however, there were no non-Mudim households and hence we do not need to control for
religious groups.

In addition to the individua/household level demand factors, we aso need to consider effects
of the provison of hedlth and other medicd facilities (related to family planning and child hedth
programmes) on both the duration between successive births and child survivd. To this end, we
include a rurd dummy to denote the rura residentid location and examine the effects of rura-urban
dichotomy in the provison of public services on both birth spacing and child surviva. In addition, we
include a number of infragtructura variables, e.g., household access to safe drinking water, modern

toilet and drainage (only in the Pakistani sample; see Appendix) fadilities in explaining child survival.™

> In principle we should also include community characteristics like availability of health facilities, including
health centres, availability of doctors and the availability of nurses. However since the datasets are not
retrospective including these community characteristics could result in endogeneity problems. For example,
health centres could have been built in a particular region in response to historically high child mortality rates.
See Rosenzweig and Wol pin (1986) for more on thisissue.
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Findly we include a number of birth cohort dummies in explaining both birth spacing and
child survivd. These birth cohort dummies will, to some extent, capture the trends in these
demographic variables over time and as such will reflect the reative importance of the underlying
demand and supply factors. In the Indian case we include three dummies — child born between
1970 and 1980 (YEARB2), born between 1980 and 1990 (YEARB3) and born after 1990
(YEARBA4). In the Pakigtani case we include two dummies — born between 1970 and 1980
(YEARB2) and born after 1980 (Y EARB3). In both cases the reference category is that the child is
born before 1970.

As argued in Section 2, the basdine hazards are specified as splines. The two basdine

hezards T, (t) and T, (t) measure the duration dependence of survival and subseguent birth. These

essentidly measure the time varying risk of child mortality and subsequent childbirth from the time the
child is at risk of the event. The time dependency starts once the child is born. Severa specifications
of the basdline hazard were tried and we finally chose the one that fitted the data be<t.

There may arise important endogeneity problemsiif the explanatory variables are not carefully
chosen. For example, Rosenzweig and Wolpin (2000) suggest that the use of ‘any sgers in the
child qudity function as in Butcher and Case (1994) may cause problems. The gender of sblings
may affect parental investments in a given child in a number of ways. However, the existence of
sgers, even if gender is randomly determined, depends on the choice of family size — dthough the
gender of a particular child is random, the probability of having a Sster increases with the number of
sblings. Accordingly, we normelise the number of older ssters a birth of a child by total number of
elder shlings to obtain the proportion of elder ssters a birth (POLDF). For smilar reason, we do
not include if the mother had prenatal check-up or if the child has been vaccinated after birth (both in

the Indian sample). However, we use PRENAT (if the woman ever had a pre-natal check-up, for
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Pakistan case) and REPPROB (if the woman ever faced any reproductive problems, the Indian
case), since these are not specific to a particular child. An endogenety problem however gill remains
— decison to have a pre-natd check-up could be related to unobserved women specific
characterigtics that are not observed to the researcher and is private information for the woman. We
continue to include these variables (only in the child surviva hazard function) because of the absence
of viable insruments and more importantly these variables are indicative of the coupl€e's attitude to
modern hedth and family planning facilities and in our opinion are important determinants of child

urvivd.

4. EMPIRICAL RESULTS

It is argued that individua, shbling, parental, other household and community characteristics would
affect birth spacing and child mortdity hazard equations. Though we include Smilar characterigticsin
the two hazard functions, we ensure identification by including certain variables in one equation and
not in the other.

For each country, we jointly estimate birth spacing and surviva hazards, for (a) First born
children and (b) middle order and youngest (Non-first born) children™® taken together. Remember
that in the regressons for the First born children we do not include PREV and POLDF as
explanatory variables, as they are not defined. Our results suggest that the coefficient estimates for
the First born children are quite different from those for the Non-firgt born children, thus justifying
separate regressons for these two groups of children.

Vaious specifications were estimated, though we finadly present the results for the most

complete modd — correlated joint hazard estimates for SURV and NEXT. For each case, the null



hypothesis of no corrdaion (r = O) is rgjected. The unobserved mother-specific heterogeneity is

sgnificant for both groups of children in India and Pekistan, thus ignoring heterogeneity would have
led to biased and inconsistent estimates. These correlated hazard estimates are presented in Table 2

for Indiaand Table 3 for Pakistan.

4.1. Resultsfor India

Child Spacing:

Nonfirs born Children Spacing hazard significantly depends on parenta age and education. For

example, the hazard of subsequent birth fals with mother’s age, Sgnifying the atainment of the
coupl€ s reproductive goa as well aswomen'’s fecundity. The hazard of a subsequent birth islower if
the father is literate and dso if the mother has more than primary schooling.'” Among various
household characteridtics, the hazard is Sgnificantly higher for children from mae-headed households
while it is lower for wedthier households (with more assats). It dso falsif the couple had ever used
any contraception (reversble methods), which is indicative of parenta awareness of the effect of
increased duration between children on child hedth.

Among individud child's characteridtics, longer duration of child surviva (SURV) lowersthe
hazard of subsequent birth, lending support to the commonly observed replacement effect. Gender
(BOY) of the current child is dso significant and the estimated coefficients imply that the hazard of
subsequent hirth is Sgnificantly lower if the current child isamae. Thisis evidence in favour of son
preference: parents choose to delay having a child following the birth of a son. We dso have some

indirect evidence in this respect: after contralling for various individud, household and other

'8 For the Indian case we exclude the youngest child of the sterilised women. We cannot, however, identify the
sterilised women for the Pakistani case.
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characterigtics, larger proportion of older girls at birth (POLDF) increases the hazard of subsequent
birth. This dso indicates parenta willingness to have more sons, given that they have more daughters
at a point of time. Among other sbling characterigtics, longer prior birth spacing (PREV) sgnificantly
lowers the hazard of subsequent birth.

Rurd location (RURAL) is sgnificant and the hazard is higher for the households living in
rura areas, which implies limited supply of publicly provided contraception, or limited knowledge of
contraception and/or prejudice againgt using modern contraception for the rural population. Findly, it
follows that compared to the 1960s, middle-order and youngest children bornin the 70s, 80s or 90s
have sgnificantly lower hazard of subsequent birth. Thus, there is indirect evidence of Sgnificant
improvement in family planning in India so thet there is generaly alower concentration of birthsin the

recent decades.

Firgt born Children: The results with respect to parental son preference in birth spacing and sibling

competition (with respect to subsequent birth spacing) till hold. However, interestingly enough, there
are some ggnificant differences in the estimates between the First born and other children. (1)
Rdigion plays a Sgnificant role in child spacing: compared to the Mudim and other minority religious
groups, the hazard of subsequent birth is significantly lower for women belonging to Hindu or Skh
households. The latter perhaps indicates a greater degree of acceptance of modern contraception
methods among Hindus and Sikhs as compared to Mudim households. (2) The hazard is higher even
if the child lives longer. (3) Literacy of father and primary schooling of mothers both enhance the
hazard of subsequent birth. (4) The hazard of subsequent birth is significantly higher for the children

born in the 70s, 80s and the 90s. Taken together, observations (2), (3) and (4) are suggestive of the

!” See also Murthi, Guio and Dreze (1995) for analysis using district level datafrom India.



desre among sample couples for more than one child to achieve their reproductive god.
Interestingly, however these results change when we consder the middle-order and youngest
children reflecting, among other things, sronger competition among shblings for limited parenta

resources.

Child Survival:

Nonfirg born children Coefficients of the prior and posterior birth spacing (PREV and NEXT) are

negative and Satisticaly sgnificant indicating that the grester the duration between successve births,
the lower is the hazard of child mortdity (i.e, the child islesslikely to die). As dready indicated, this
accounts for competition among younger siblings for parenta time, care and resources. The hazard is
lower if a child has proportionately higher number of older sgters at birth (POLDF), indicating that
resource-congtrained parents with pro-male bias may have more resources for the current child since
they would invest lessfor larger number of older daughters with fewer intrindc advantages.

Among various parental, household and infrastructura characteristics, the composite asset
indicator PCASSET is negative and sgnificant, thus suggesting that children from more wedthy
families have lower mortality hazard, lending direct support to the resource condraint hypothess.
Children born to older fathers have sgnificantly lower hazard, dso indirectly sgnifying the wedth
effects. However, parentd education variables do not turn out to be very significant in child surviva

hazard, after taking account of their influence on child spacing in this correlated hazard framework.

Firgt born children: While results with respect to subsequent birth spacing (NEXT) and birth cohorts

are generdly smilar for First born and other younger children, there are interesting differences with

respect to some other variablesin child surviva. (1) The coefficient of BOY is postive and Sgnificant
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in the surviva function so that a mae child has a sgnificantly higher hazard of dying, which is
generdly a biologica regularity observed across nost societies. (2) The interaction between NEXT
and BOY is dgnificant, suggesting that if the current child is mae, the subsequent birth spacing is
sgnificantly greeter, again lending indirect support to the ‘son-preference’ in surviva. (3) Index of
household’'s composite assets is not significant, suggesting that the resource congtraint does not
sgnificantly affect the duration following the birth of the first child, though it turns out to be significant

for the subsequent children.

4.2. Resultsfor Pakistan

Child Spacing:

Non-first born childrert The sex of the child dummy BOY is not gatistically sgnificant in explaining

the duration to the next birth. However, the coefficient estimate of POLDF is poditive and Satisticaly
ggnificant, suggesting parentd inclination to try for a mde child, if they dready have more femae
children. This could be viewed as indirect evidence in favour of the sonpreference hypothesis. Prior
birth spacing PREV is not datidicdly sgnificant. However the coefficient estimate of SURV is
negative and daidicaly sgnificant. This implies that parents have an early next child if the current
child does not survive. Thisis smply a different manifestation of the child replacement effect.

The highest levels of education attained by the mother dummies (EDUCM1 and EDUCM?2)
are both negative and datisticaly sgnificant; the effect is stronger if the highest leve of education
attained is grade 6 or higher. Thisis not a surprisng result. Presumably educated women are nore
aware of the problems of child care if there is higher concentration of births which in turn affect child
qudlity; in other words, they are better placed to redlise that increased duration between children is

likely to increase the qudlity of children and therefore are more likely to space their children apart.
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Turning to the highest level of education attained by the father, we do not find a Satisticaly significant
effect. The age dummies of the father are both Satidicaly sgnificant, though of opposite sgn. The
duration between children is lower for younger fathers while it is higher for older fathers. There are
therefore ggnificant life-cycle effects in the age of the father at birth and the duration between
successve children. Also household expenditure does not have a significant effect on subsequent
birth spacing implying that household resource condraints do not play an important role in
determining NEXT. Findly the two birth cohort dummies (born between 1970 and 1980 and born
after 1980) are both pogtive and datigticaly sgnificant, indicating a lack of success of the family

planning programmes in the Pakistani Punjab in achieving longer birth spacing in the recent decades.

First born children: The coefficient estimates for the First born children are quite interesting. As with

younger children, SURV is negative and datidicdly sgnificant. Mother's education dso plays a
favourable role on birth spacing. There are, however, sgnificant differences compared to the
coefficient estimates for the Non-first born children. (1) The coefficient estimate of BOY is negative
and gatigicaly sgnificant. This implies that the duration between the firgt and the second child is
higher if the First born child is mae, compared to the case where the First born child isfemale. Once
again SURV is negative and datidticaly sgnificant. This implies that the duration between the first
and the second child is higher if the firgt child survives longer. (2) The hazard of having a subsequent
sbling & ggnificantly higher for children belonging to richer households while it is inggnificant for
younger children. (3) Surprisngly, the coefficients of both dummies reflecting fathers education
levels are getidticaly significant and pogtive. Thus the hazard of having asbling is higher for children

with more educated fathers, which is aso smilar to the wedth effect.
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Child Survival:

Nonfirg born children In this case, neither the sex of the child (BOY) nor the proportion of older

sders at the birth of the child POLDF is daidticdly sgnificant. There is therefore no direct or
indirect evidence in favour of the son-preference hypothesis in child survival. However both NEXT
and PREV are negative and datiticaly sgnificant. These essentidly imply that an increase in the
duration between child i and child i- 1 reduces the hazard of child i dying (and incresses the
number of days child i is dive), as does an increase in the duration between child i and child i +1.
Parental education appears to have little impact (except EDUCM1 being significant only at the 10%
level) on the hazard of child survival. Household expenditure has a sgnificart effect on the hazard of
child survival. An incresse in household expenditure reduces the hazard of child mortdlity.™® This
supports the hypothesis of resource congraint among sample households. Thus, households with
higher expenditure are typicdly richer households that are able to provide more resources and better
hedth and infra structurd facilities for the child, resulting in sgnificantly lower child mortaity rates.
Among the household infrastructurd variables only DISPOS2 (garbage is disposed by
dumping) reduces the hazard of child mortaity and none of the other varigbles have a datidticaly
sgnificant effect. PRENAT (the woman has ever had pre-natal check up) is positive and datisticaly
sgnificant, implying thet the hazard of child mortdity is higher for women who have ever had pre-
natal check up.*® Findly the two birth cohort dummies, namely, YEARB2 (born between 1970 and
1980) and Y EARB3 (born after 1980) are both negative and Satisticaly sgnificant. Thisimplies that

the hazard of child mortality islower (and the number of days survived prior to degth, if dead, higher)

18 | n this case remember the explanatory variable is the predicted value from the first stage regression of log of
household expenditure on a set of household characteristics. This solves the potential problem of endogeneity
arising from the correlation between household expenditure and the unobserved determinants of child survival
hazard.

9 This could be the result of an endogeneity problem because poor |ndian women might go for pre-natal check up
only if they face some reproductive health problems though this was not observed.
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for children born after 1970, compared to that for children born before 1970 (the reference
category). Thisis possibly a consequence of the provision of improved hedth services and fadilitiesin

Pakistan in the 70s and the 80s.

Firg born children As with child spacing, compared to the younger children, there are some

sgnificant amilarities and differences obsarved in the estimates for the First born. The coefficients of
NEXT and LHHEXPH (the predicted vaue of log household expenditure from the firs stage
esimation) are both negative and significant as before. However, the differences are quite interesting:
(1) unlike in the case of the Non-first born children, BOY is postive and Satigticaly sgnificant. This
implies that the hazard of child mortdity is higher if the First born child is a boy rddtive to the case
where the Firg born child is a girl. Biologicaly boys have higher child mortdity rates compared to
girls, S0 per se thisis not a surprising result. Whet is interesting however is that we do not find a
setigticaly sgnificant effect for the sex of the child on child mortality rates for the higher birth order
children. (2) EDUCM1, EDUCF1 and EDUCRF2 are dl negdive and datigicdly sgnificant (and
even though EDUCM2 is not sttidticaly significant, it is ill negative). (3) Severd of the household
infra Sructurd variables have a sgnificant effect on child mortaity. DWATER1 (the main source of
drinking water is tap indde house, DRAIN1 (sanitation system consists of underground drains) and
DISPOS2 (the garbage is disposed by dumping) are dl negative and Satidticdly significant (al
reduce the hazard of child mortality), while TOILTYP5 (the household has no toilet) increases the

hazard of child mortdity.
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4.3. Comparison of theresultsfor India and Pakistan

Findly, in this section, we compare the Indian and the Pakistani results with respect to household
decisons in birth spacing and child survival. This brings out some interesing sSmilarities and
differences between the two dtates divided by the partition in 1947. In generd, after controlling for
various parenta, household and community characterigtics, there is evidence of significant mutud
dependence of birth spacing and child surviva. These results dso reflect some aspects of gender
differences and inequdity among sblings in child hedth outcomes. However, there are some

interesting differences too in the two sets of results that we highlight here.

Differencesin birth Spacing hazards

(2) In generd hazard of having a subsequent sibling is higher if the current child is femde and/or if the
current child has more older Sgters, indicating some evidence of son-preference in loth the
countries, the effect seems to be stronger in India where both the BOY dummy as well as
POLDF are sgnificant for Nor-first born children and BOY is sgnificant for first born children.
In contragt, only BOY is sgnificant for first born while POLDF is sgnificant for younger children
in Pakistan.

(2) Household expenditure is sgnificant only for the First born children in Pakistan and wedlth effect
enhances the hazard of subsequent childbirth. In contrast, the composte assets index is
ggnificant for dl children in Indiaand it lowers the hazard in this respect.

(3) Parenta education is important in birth spacing in both countries, but the effects are somewhat
different. For example, any level of mother’s literacy lowers the hazard of subsequent birth in

Pekisgtan; however, more than primary schooling of the mother is required to have any
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perceptibly favourable effect on subsequent childbirth in India Secondly, any leve of father's
literacy lowers the hazard of subsequent birth in India while father’s literacy seems to have an
adverse effect on subsequent birth among First born children in Pakistan. It gppears that effects
of father’ s education on birth spacing in Pakistan are rather smilar to the wedlth effects.

(4) The hazard of subsequent birth is lower between the Hindu and the Skh communities, as
compared to the Mudims and other minority groupsin India (though we could not test the role of
religion for the Pakistani sample since dl sample households were Mudims). Thisis indicative of
favourable attitude towards modern family planning methods among non-Mudim households.

(5) There are interesting differences in birth cohort dummies in the two countries. The hazard of
subsequent birth significantly drops in the 70s, 80s, and 90s in India (for the Non-first born
children), perhaps sgnifying the relative efficacy of the supply side factors, eg., the family
planning programme in dtering birth spacing. This could also have been supported by increasing
femae literacy in India over the decades. In contrast, these dummies are Sgnificantly pogdtive in
Pakigtan, suggesting an increasing (rather than decreasing) hazard of subsequent birth among
sample women in the country in the recent decades. The latter may sgnify the rdaive importance
of household-level demand factors (e.g., low female education) as againgt the supply side factors

like provison of effective family planning services by the ate.

Differencesin mortdity hazards

(1) While parentd education is not sgnificant in child survival in India, education turns out to be
ggnificant in child surviva in Pakigtan (though the effect is wesker than in birth spacing).
(2) Compared to India, infrastructura variables, e.g., access to safe drinking water or modern health

care system, are more sgnificant for child surviva in Pakigtan.
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One possble way of interpreting these differences in results (1) and (2) would be that the
average parentd literacy, epecidly, mother’s literacy is Sgnificantly higher in India. Thus, a margina
increase in parentd literacy would have a less pronounced effect in the Indian Punjab (compared to
the Pakistani Punjab). Smilarly one could argue that the Indian state of Punjab has achieved a better
infrastructure compared to the Pakistani state and that is why a margina increase in the provision of

any of these infragtructura services may not make any sgnificant differencein child survival.

5. CONCLUSION

Evidence from most developing countries suggests that mortdity and fertility have declined in close
succession, thus justifying the need to jointly determine child surviva and birth spacing. While most
exiging studies do not address this Smultandty issue, we use corrdlated Smultaneous hazard models
to examine the two-way relationship between birth spacing and child survivd. In doing so, we aso
compare the behaviour of Mudim and non-Mudim households in the Indian and Pakistani Punjab
provinces who share a common socio-cultura background. These correlated estimates do suggest a
two-way causdity between birth spacing and child surviva in both samples. The greeter the duration
between successve children, the lower is the likelihood thet the child dies; the longer duration of
child surviva lowers the hazard of subsequent child birth in both samples. There are dso some
interesting differencesin the two samples. firdt, there is evidence of son preference in birth spacing,
though the effect seems to be stronger in India. Second, wedth effects (for example, composite
ass in India or instrument of household expenditure) turn out to be significant in both birth spacing
and child mortdity though the effect is more pronounced (for dl groups of children) and aso
favourable in the Indian sample. Third, parental education has a sgnificant favourable impact on

spacing hirth than on child survivd in India. However, effects of parenta education are pronounced



in both spacing and surviva in Pakistan. Fourth, compared to the Mudims in the Indian sample, the
hazard of subsequent birth is Sgnificantly lower among the Hindus and Sikhs (this comparison was
not possible for the Pakistani sample). Findly, results with respect to the birth cohort dummies tend
to indicate that compared to the 1960s, the hazard of subsequent birth is sgnificantly lower in recent
decadesin India, while the trend is just opposite in Pakistan. The latter could be attributed to arather
passive titude of the Pakistani households towards modern family planning methods. Some may
argue that this could be a result of their religion while one cannot deny the fact that the effects of
rligion on birth spacing is dso dosdy related to lower femde literacy in Pekistan®® More
importantly, higher hazard of birth spacing in Pakistan over the decades could dso be partly
attributed to rather passive officid population policy in Pakistan for much of the post-independence

period, which started to gather momentum only in the early 1990s.
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Table 1. Meansand standard deviations of Selected Variables
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Variable India Pakistan
Eldest Child 0.3102 0.2105
(0.45) (041
Y oungest Child 0.2709 0.1756
(044) (0.38)
Dead at the Time of the Survey 0.0826 0.1487
(0.28) (0.35)
SURYV (in years, sample not censored) 1.4368 1.0357
(2.05) (1.95)
NEXT (inyears, sample not censored) 25224 2.2708
(1.54) (134
Children ever born 4.02 422
(1.65) (3.00)
Average Y ears of Education for Mother - 12477
(2.90)
Average Y ears of Education for Father - 4.0868
(4.48)
Highest School Attainment of Mother: Primary School (EDUCM1) 0.1639 0.1149
(0.37) 032
Highest School Attainment of Mother: More than Primary School 020 0.0814
(EDUCM2) (0.40) 0.27)
Highest School Attainment of Father: Primary School (EDUCF1) - 0.2388
(043
Highest School Attainment of Father: More than Primary School - 0.3326
(EDUCF2) (047)
If father isliterate (LITDAD) 0.5827 -
(049

Note: Standard deviationsin parentheses.



Table 2: Simultaneous Hazard Estimatesfor Birth Spacing and Child Survival, India

Duration to the next birth
Non-first born

CONSTANT1 -4.4403***
(0.8795)
Duration0—3 2.2845%**
(0.0839)
Duration 3—5 -0.1618***
(0.0529)
Duration 5+ -0.3955***
(0.0354)
HINDU 0.1855
(0.2120)
SIKH 0.0485
(0.2078)
BOY -0.3016***
(0.0593)
POLDF 0.2506* **
(0.0793)
PREV -0.2674***
(0.0232)
SURV -0.0526***
(0.0139)
AGEM1 -0.0539
(0.0352)
AGEM?2 -0.0337
(0.0499)
AGEM3 -0.1111%**
(0.0280)
AGEF1 0.0042
(0.0241)
AGER2 0.0303
(0.0248)
AGEF3 0.0102
(0.0144)
EDUCM1 0.0476
(0.0964)
EDUCM2 -0.5231***
(0.1192)
LITDAD -0.1391*
(0.0788)
REPPROB -0.0568
(0.0808)
EVERUSE -0.1524***
(0.0137)
HEADMALE 0.1555***
(0.0107)
PCASSET -0.2295+**
(0.0437)
RURAL 0.2633***
(0.0864)
YEARB2 -0.1736
(0.1492)
YEARB3 -0.5507***

(0.1559)

First born
-13.0637***
(1.1935)
2.7130***
(0.1245)
0.1428**
(0.0661)
-0.3199***
(0.0533)
-0.4677**
(0.2032)
-0.4477*
(0.1946)
-0.2059* **
(0.0784)

0.2140%**
(0.0170)
0.1153+*
(0.0480)
-0.0616
(0.0561)
-0.1171%**
(0.0267)
0.0714**
(0.0352)
-0.0642**
(0.0306)
0.0067
(0.0204)
0.2511*
(0.1139)
01253
(0.1274)
0.2110%*
(0.0978)
-0.0329
(0.1023)
00418
(0.0411)
-0.0269
(0.0406)
-0.1499***
(0.0498)
00671
(0.0938)
0.3257+*
(0.1354)
0.8543***
(0.1387)



YEARB4 -0.4875%* 2.6677***

(0.2318) (0.2615)
Child Survival
Non-first born First born
CONSTANT2 1.6302 13.3845**
(1.6721) (5.9828)
Duration0-1 -1.9272%** -0.2184
(0.2349) (0.7191)
Duration1 -5 -0.6540%** -0.5637***
(0.0784) (0.1279)
Duration 5 + 0.1733** 0.5203***
(0.0727) (0.1159)
HINDU 0.1201 0.3412
(0.3311) (0.8336)
SIKH 0.0730 0.4837
(0.3219) (0.8308)
BOY 0.0192 2.2398**
(0.1407) (1.0493)
NEXT -0.0934*** -2.6318***
(0.0267) (0.3816)
INEXTBOY -0.0359 -0.7734*
(0.0337) (0.4115)
POLDF -0.5020%** -
(0.1420)
PREV -0.2604 -
(0.0441)
AGEM1 -0.0156 -0.3972*
(0.0555) (0.2242)
AGEM2 0.1402 0.3350
(0.0885) (0.3287)
AGEM3 -0.0246 -0.0108
(0.0552) (0.1604)
AGEF1 -0.0584 -0.2819
(0.0382) (0.2036)
AGER2 -0.0264 0.1299
(0.0437) (0.1598)
AGER3 -0.01 -0.0269
(0.0246) (0.1262)
EDUCM1 0.0151 -0.5504
(0.1858) (0.6191)
EDUCM2 0.1089 -0.8893
(0.2199) (0.7432)
LITDAD 0.1685 0.3519
(0.1409) (0.5028)
HEADMALE 0.0130 -0.0109
(0.1766) (0.0274)
PCASSET -0.4127*** 0.0774
(0.08) (0.2927)
RURAL 0.1209 1.5438**
(0.1608) (0.6540)
DWATER -1.1816 -0.9119
(0.9741) (1.9345)
MODTOILT -0.2402 -2.1146***
(0.1589) (0.7339)

YEARB2 -0.1995 -0.6537



(0.2099) (0.6100)
YEARB3 -0.3544 -1.1090*
(0.2220) (0.6218)
YEARB4 -0.4983* -2.5441***
(0.2779) (0.8710)
Heter ogeneity and Correlation Terms:
Non-first born First Born
Se 1.5108*** 1.7714***
(0.0782) (0.0904)
Sy 0.7631*** 7.0098***
(0.1044) (1.3229)
r -0.6796*** -0.9542%**
(0.2368) (0.0122)
Ln-L -9707.13 -4651.56

Notes: Asymptotic standard errorsin parentheses;

Significance: *'=10%; "*'=5%; "***'=1%.



Table 3. Simultaneous Hazard Estimatesfor Birth Spacing and Child Survival, Pakistan

Duration to the next birth

Non-first born First born
CONSTANT -3.3654 *** -8.5239 ***
(0.4144) (0.6729)
Duration0—2 1.8787 *** 5.3402 ***
(0.0358) (0.2052)
Duration2-5 0.0051 1.0321 ***
(0.0190) (0.0618)
Duration 5+ 0.0635 ** 0.5072 ***
(0.0282) (0.0424)
BOY -0.0158 -0.1375**
(0.0247) (0.0618)
POLDF 0.1614 ***
(0.0419)
PREV 0.0004
(0.0104)
SURV -0.0983 *** -0.5172 ***
(0.0071) (0.0174)
AGEM1 0.04 -0.3684 ***
(0.0342) (0.0796)
AGEM3 0.0189 0.6420 **
(0.0381) (0.2605)
AGEF1 0.0691 ** -0.8387 ***
(0.0339) (0.0690)
AGEF3 -0.0870 ** -0.6973 ***
(0.0391) (0.1535)
EDUCM1 -0.1554 ** -0.2167 **
(0.0631) (0.1095)
EDUCM2 -0.2113 *** -0.6244 ***
(0.0752) (0.1042)
EDUCF1 0.0796 0.8950 ***
(0.0491) (0.09012)
EDUCF2 0.0383 1.2039 ***
(0.0539) (0.0971)
RURAL 0.051 0.0376
(0.0409) (0.0688)
LNHHEXPH 0.019 0.3543 ***
(0.0504) (0.0672)
YEARB2 0.1885 *** 0.4554 ***
(0.0508) (0.0945)
YEARB3 0.5144 *** 1.6553 ***
(0.0569) (0.1201)
Child Survival
Non-first born First born
CONSTANT 4,2543 *** 36.8985 ***
(1.1645) (5.0459)
Duration0—-1 -2.2319 *** -0.2883
(0.2788) (1.3489)
Duration1 -2 -0.5352 * 1.268
(0.2864) (0.9689)
Duration2-5 -0.6935 *** -0.7619 ***
(0.0815) (0.1876)
Duration 5 + 0.1548 *** 0.5152 ***
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(0.0489) (0.1004)
BOY 0.079 2.0417 ***
(0.0644) (0.3664)
NEXT -0.6088 *** -9.0374 ***
(0.0640) (0.7333)
POLDF -0.0759
(0.1066)
PREV -0.7276 ***
(0.0328)
AGEM1 0.0301 1.0429 **
(0.0937) (0.4459)
AGEM3 0.1878* -0.9131
(0.1017) (21872
AGEF1 0.0538 4.1128 ***
(0.0044) (0.4950)
AGER3 -0.153 3.4837 ***
(0.1107) (0.6676)
EDUCM1 0.2928* -1.1065 **
(0.1704) (0.5534)
EDUCM2 0.0089 -1.1131
(0.2239) (1.4068)
EDUCF1 -0.0771 -1.4660 ***
(0.1376) (04121)
EDUCF2 -0.2441 -2.5407 ***
(0.1594) (0.4652)
RURAL -0.2665* -0.024
(0.1564) (0.4536)
LNHHEXPH -0.3305** -3.2500 ***
(0.1365) (05473)
DWATER1 0.105 -1.0811 **
(0.1337) (0.4902)
DRAIN1 -0.1991 -1.5036 **
(0.1555) (0.7161)
DISPOS2 -0.4000 *** -2.3191 ***
(0.1199) (0.4369)
TOILTYPS 0.0173 1.5236 ***
(0.1571) (0.4673)
PRENAT 0.3235** 1.3383 ***
(0.1386) (0.4937)
YEARB2 -0.3659 *** 0.5756
(0.1291) (0.3691)
YEARB3 -0.7141 *** -3.8820 ***
(0.1501) (0.4922)
Heter ogeneity and Correlation Terms:
Non-first born First Born
Se 0.5098 *** 2.6286 ***
(0.0195) (0.0951)
Sy 1.2368 *** 9.7168 ***
(0.0669) (0.8470)
r -0.6261 *** -0.9381 ***
(0.0591) (0.0059)
Ln-L -13543 -3641.94

Notes: Asymptotic standard errorsin parentheses; Significance: "*'=10%; "**'=5%; "***'=1%,



Table Al: First Stage Regression of L og Household Expenditur e (Pakistan only)

AGEHD 0.0133***
(0.0032)
AGEHD2 -0.0001***
(0.0000)
SEXHD1 0.0212
(0.0583)
MARHD -0.0012
(0.0112)
EDUCHD1 0.1089***
(0.0141)
EDUCHD2 0.1901***
(0.0156)
EDUCHD3 0.2778***
(0.0259)
TOTCHILD 0.0273***
(0.0030)
TOTADTM 0.0855***
(0.0065)
TOTADTF 0.0465***
(0.00712)
RURAL 0.0474***
(0.0169)
DOMIC1 -0.0144
(0.0146)
WALLSL 0.0620* **
(0.0144)
FLOOR1 -0.0673***
(0.0168)
ROOF3 -0.0445%**
(0.0124)
WINDOWS1 -0.0403***
(0.0127)
NUMROOMS 0.1068***
(0.0055)
DWATER1 -0.0636***
(0.0152)
DRAIN1 0.1204***
(0.0188)
DISPOS2 -0.0165
(0.0230)
TOILTYPS -0.1152***
(0.0177)
PHONE -0.3963***
(0.0336)
CONSTANT 7.4081***
(0.1204)
Notes:

Standard errorsin parentheses,
Significance: *'=10%; "**'=5%; "**'=1%.



APPENDIX

Table A2: Definition of regression variables

Variable India Pakistan
Parental characteristics
AGEM1 Age Spline: if the mother is less than 20 years
old at the time of birth.
AGEM2 Age Spline: if the mother is between 20-22
yearsold at the time of birth.
AGEM3 Age Spline: if the mother is above 22 years old
at the time of birth.
AGEF1 Age Spline: if the father is less than 24 years
old at the time of birth.
AGEF2 Age Spline: if the father is between 24-28 years
old at the time of birth.
AGEF3 Age Spline: if the father is above 28 years old
at the time of birth.
AGEM1 = 1if the mother islessthan 20 years old at the
time of birth.
AGEM3 = 1 if the mother is above 22 years old at the
time of birth.
AGEF1 = 1if the father isless than 24 years old at the
time of birth.
AGEFR3 = 1 if the father is above 28 years old at the
time of birth.
EDUCM1 = 1 if highest education attained by mother is = 1 if highest education attained by mother is
primary school. primary school.
EDUCM2 = 1 if highest education attained by mother is = 1 if highest education attained by mother is
more than primary school. more than primary school.
EDUCF1 = 1 if highest education attained by father is
primary school.
EDUCF2 = 1 if highest education attained by father is
more than primary school.
LITDAD =1if thefather isliterate
EVERUSE =1if ever used contraception
REPROB 1if mother had any reproductive problems.
PRENAT = 1if ever had pre-natal check
Child & Sibling Characteristics
BOY =1if childisaboy.
POLDF Proportion of Elder siblings that are females.  Proportion of Elder siblings that are females.
Not defined for first child. Not defined for first child.
SURV Yearslived before dying. Equals Ageif aliveat  Yearslived before dying. Equals Ageif alive at
time of survey time of survey
NEXT Duration between two successive children. Duration between two successive children.
EqualsAgeif last child. EqualsAgeif last child.
INEXTBOY Interaction between NEXT and Boy.
PREV Prior duration between two successive
children. Not defined for first child.
YEARB2 =1if thechild isborn between 1970 and 1980. = 1 if the child is born between 1970 and 1980.
YEARB3 =1if the child isborn between 1980 and 1990. = 1if the child is born after 1980
YEARBA4 = 1if the child isborn after 1990.

Other Household Char acteristics

HEADMALE =1if thehead ismale

HINDU =1if comesfrom aHindu Family.
SIKH = 1if comesfrom a Sikh Family.
PCASSET Composite Indicator of Assets.



LNHHEXPH

AGEHD
AGEHD2
HEADMALE
MARHD
EDUCHD1

EDUCHD2

EDUCHD3

TOTCHILD
TOTADTM

TOTADTF

DWATER
MODTOILT
DWATER1
DRAIN1
TOILTYPS
DISPOS2
DOMIC1
WALLS1

=1if have accessto safe drinking water
=1if have access to modern toilet

Predicted Value of Log Household Expenditure
from Stage 1 regression.

Age of Household Head.

Age of Household Head Squared.

=1if Household Head isMale.

=1if Household Head is Married.

= 1if Highest education of Household Head is
Primary School.

= 1if Highest education of Household Head is
Middle School.

= 1if Highest education of Household Head is
High School or More.

Total Number of Children in the Household.
Total Number of Adult Males in the
Household.

Total Number of Adult Females in the
Household.

= 1if household livesin asingle family home.
= 1 if walls of house are stones-cement
bonded.

Community characteristics

RURAL

=1if household residesin arural area

=1if household residesin arural area.




