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CiOS5=-SECTIONAL METHhODS FOR ESTIMATING THL

REPLACEMENT OF INFANT DEATHS
BY

RANDALL J. OLSEN

Ie Introduction

Demographlc transition theory vievs a decilne in infant
mortality as a precondition for a dééline in fertilitye.
The transition is easily seen in time series data, but
hypothaeses ahout the nature of the transition cenfer on the
behavior of individualsy, 8o the validation of these
hypotheses is most direct using family level datae. This
paper describes géme new methods which can be applied to
crOSstectionaI data on families to investigate a central
issuve in transition theory-=the replacement hLypothesis.

The term replacement is often used to describe the process
bj which higher mortality is. translated into higher
fertility, althbugh there is a variety of channels through
which replacement may rune. First, there is direct
replacement. This term is used to describe a consclous
action by a couple to increase the nuzber of children born
in response to the actual death of one of their childrene.
In order for dlrect'replace-ent to exist, the couple must

haie preferences over the number‘oi children that survive




and the will and abiljty to alter the timing and nuaber oi.
births 1in order to move toward thelir fertllity goal,

The second channel of replacement is hoardinge. ¥Yhereas
direct replacement refers to actions taken In response to
actual deaths in furtherance of a couplet's !értlllty goals,
boarding refers to actions taken in response to anticlpated
deaths. %Yhen I use the terﬁ hoarding it involves
dlifferential actions by couples responding to the ‘different
-ortal;ty rates they <facee. A third replacement channel
related to hoarding 1s societal replacements This refers to
customs of a culture which arise In. response to a common
level of mortality. For example, tabooslagainst intercourse
durlng religious festivals may be practiced to enable the
society to attain a level of fertility which generates a
reasonably stable population. J¥If this activity is common to
everyone in a sgﬁpie I will not be able to detect it with
the cross~-sectional methods I employ below. However, if
differential socletal replacement exists at the village
level, and my data contains individuals from many villages,
it may emerge as hoarding in my estl;ates.

Fourthy, there is blological replacment which arises
because for physiological reasons the death of a cﬁild
shortens the interval to the next birth. If breastfeeding
prolongs the period of steflllty after birth, then 'ﬁen a
nursling dies thisg period of sterility will be shoriened,
mimicking direct replacement.

The objective of this paper I8 to show how the effects
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of direct replacementy, hoarding, and biologlical replacement
can be separated and then estimatede The focus will be on
the methodology for doing this although data froms Iaylaysia
will be used to illustrate the method. Some of the methods
employed use statistical 1ecbniques more fully described
elsewheree Only a brief descgiption 0of these techniques
will be provided heree The final estimate for the rate of
replacement in the Naylaysian data is somewhere ubov; thirty
to0 forty per <centy, with .the bvpiological effect via
breastfeeding only accounflng for about twelve per cente.
Replacement is greatest for chlildren who die soon after
birth with the attempt to replace being concentrated early
in the birth intervale This timing Ai replacesant makes it
difficult to separate from the effects of hreastfeédlngo
"There is also an indication in the data that breastfeeding

is used as a means of contraception.

II. MNethods of Data Analysis

In this paper I will consider analytical methods which
are appliéd to family level datae. This is a logical place
to start since aggregate cross country and time series
Bpeclifications ahéuld follow from the fanily level
specificatione.

There eare two basic methods wused to investigate

replacement with the great diversity in empirical work being




generated by variations on these basic themes.

First, there are the parlty progression methods which
take the data on births and deaths for a family and seek to
explain the timing and frequency oj births using the timing
and frequency of deaths as well as other variablese Those
who use the data in this way elther focus on parlty
progression (closufe of a birth interval) as influenced by
mortality, or on the length of glrth intervalse Second,
there are the methods which seek to explain the number of
births in a family as a function of either the number of
deaths or the death ratee No matter what the basic nppfoach
taken a nuasber of cbnplicutlons gvalt the empirical
investigatory such as: 1; . How does one 'separate tﬁe
biological effect of breastfeeding <from the bebavioral
direct replacement response? 2) How is one's response to 1)
affected if breaé{feedlng is consciously used to control
fertility? 3) How does one sep#rate_the direct response to
a death (direct replacement) fr&n responses to .anticipated
deaths (fertility hoarding)? 4) Fawilies that deslre more
children tend to.have more children but having more children
leaves them exposed to a greater probebility of suffering an
lntan} deathe Has this been taken into account? 5) Yhat
about other observable biological or socjo—-economlc
determinants of fertility and mortality? 6) Is It possible
that unobserveable factors influence both mortallty and
desired fertility giving rise to spurious relationships |in

the data?




As the methods below are developed I will try to point
out thelr strengths and weaknesses. I will examine the
Maylayslan data using one method focusing on the relation
between family size and mortality and a second method using

blrth interval analysise.

Ae Family Size Regressions

Because the central issue in the replacement
literature is the effect of the death of a. child on
fertility, it would seem the wost direct strategy would be
to regress the number of blrths.ln a family on the number of

deaths, that is, estimate the regression equation

where n is the number of births in family 1 , di is the

number of child deaths in the fanii?. and ui is the
unexplained error In the regressione. Unfortunately, the
coefficient on deathsy, r will pot approximate the true
rate of replacement,

The simple regression of births on deaths above will
produce a misleading value of the coetfficient r for two
reasonse Firat, even if famlilijes do not follow a
replacement strategy, families with msore births will tend to

have more deaths simply because they have more children at
.

riske This willl produce a pomitive coefficient on deaths
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unrelated to replacement. Second, there is substantial
variation across families in the probability a child will be
dead at the time the survey 18 conducted. loreovef, the
family'’s infant mortality rate tends to be correlateq wilth
its fertility ratee This secénd factor I8 less well
recognized, but must be taken Into account when studying
replacement.

In an earlier article (0l8en{1980]) I showed .- how one
can correct the least équares coefficient of deaths in the
regression above.so as to remove the blas caused by these
two factorse The method was further refined in Trﬁssell and
Olsen [1981] to allow for the possibility of varlation in
fhe rate of replacement across fanllles. The accuracy of
the method was checked wusing sivulation data from known
modelse The bias in the ordlinary least-aquares. coefficient
r is wusually large enough so that even in the absence of
replacement the value of r will be about one in the
typical family slze regreesion before the corr;ctlons are
naQeo

The corrected least sgquares appécacb provldee a first
step toward measuring replacement. Its estimates of the
rate of replacement will be reasonably accurate so long as
the true rate of replacement 1is not close to one. (The
method is exact §f the true fate of replacement 18 zero.)
However, corrected 1least squares does not infors us about
all the aspects of replacement, leaving two points

unaddressede. First, the rate of replacement it gives




combines the effects of direct replacement and
breastfeedings Secondy, only the effect of direct plus
bjological (i.e. due to breastfeeding) replacement s
estimated; there s no information on fertlility hoarding
glyen by the method. ¥hen corrected least Squarés is
applied to the Naylaysien data the estimated rate of direct
replacement (including the breastfeeding effect) is
estimated to be 0.21 =+ Yhen studying réplace-ent it is
very important to take into account the correlation. between
nottallty rates and tértllity rates across'couplgs. It this
correlation were ignored in the Maylaysian datay, the
éorrected least squares estimate of reélacenent would be
0.62 demonstrating the importance of examining this
correlatione. Virtually every other study of replaceament
%gnores this correlation which wmay constitute a serious
omissione.

It is possiblé that part of the positive cofrelation
between the lncidence. of mortality and fertility Iin the
Maylaysian data is due to fertility hoarding. If .so. part
of the difference between 062 and 0.21 would be due to
hoarding rather than spurious contamination fron an unknown
sourcee.

In order to esﬁlmate the fertility hoarding component
of replacement in cross sectional data it will be necessary
to relate variations in fertility across families to

variations in the child mortality rate across families. The

true child mortality rate for a family Ils not observable,
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the best vé can do ims to observe the realized child
mortality rate for a famlly, which only measures the true
rate with errore In addition, the child mortaljty rates for
families may differ because of actions taken by the tgllly.
» For example; it a f@nily gllocﬁtes more parental time to
child care one would expect it Qould have a lower mortallity
rates If conscious actions concernlng lnputﬁ of time to
chlild care are correlated with conscious actions .to have
children, the family'’s observed nmortality rate may be
related to fertillty not because of hoarding, but because
pafents wvho desire more childrenAalao tgke to spend more
time with ;hem and so suffer a lower rate of child
mortalitye. To avoid this source of contamination it is
necessary to calculate the farmily wmortality rate net of
those factors which affect child survival and are possibly
subJecfvto parental choicee To do this I estimate a model
of the waiting time to the death of a child over the tirst
ten years of life for each child in the family. The method
of estimating this waiting time model is described in Olsen
and Wolpin [1981], although a brief description is given in
the next sectione The method involves the estimation of a
regresslon eguation with the length of life of a child as
the dependent variable. The regressérs include wvarlables
describing the phyéical surroundings of the household
(sanitation, source of drinking wvater, etcs), variables
measuring the allocation of fl-e to éhlld carey the number

and eages of other siblings, sex and birthweight of the
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child, breastfeeding, and finally a faamlily specific <fixed
effecte (See the Appendix and Table A)e Ihis last'varlable
captures variations in the child mortality rate which are
due to factors which do not change during the time the
family's children are being ralsed, such as the backgrounds
of thg parentse if all the iInputs of time and goods which
contribute to child survival are included, the fixed effect
captures.the cross~family wvariation in biologlc;l (and
ecological) factors Influencing child survivals. So long as
these factors are known to the fanllf thelr effect on
fertility should reveal the effect 0f exogenous chahgéa in
the child survival ratees Once I have estimated the family
speciflic child mortality rate, that rate can be entered into
the regression equation for the number of birthse. Ny family

. gize regression will now be

2

n, =at+tprd *+ hp +u
i i i

1
where ng is the nunber‘of blrthﬁ, 91 the number of deaths
and pg4 the family specific ch;ld mortality co-pongnto Once
the .spurious correlation between di and ui is estimated
using the corrected least squares approach, the above
fertility (egression can be readily estimateds ¥Yhen this is
done the value of r 4 the direct replacement component, is
estimated to be 0.17 and the value of h 4 the hoarding
response to mortality rate varliation, is 0.80. The

contribution 0of the hoarding effect to total replaceament
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can be approximated by dividing h by mean faxily size
{roughly S«.85 1in the Naylaysian data). Hoarding accounts
for replacement of 0.14 4, and so the total rate of
replacement is estimated to be 50.31 ¢ which includes the
effect of shortened breastfeedlng arising from the deatﬁ'
direct replacement of dead children and hoardinge Note that
when the family specific component of mortality was included
in the regression 1 made the explicit aésunptlon.that the
family was aware of its fixed effecte. This assumption 1is
certainly false, so while the family may adjust fertility in
response to its anticipated exogenous couponenf ot
mortality, the exogenous component used hére (the estimated
fixed effect) measures the couple's anticipated component
with errore In addition, the estimated fixed effect
measures the true fixed effect with errore The presence of
measurement error 16 the estimated mortality rate variable
inplies the hoarding coefflcient 1is biased towards zero

while the bias in the direct replacement coefficient |is

uncertain a priori. At this point I have an estimate of
replacement due to hoarding of 0.14 , +which 1is an
underesfimate due to measurement error in the child

mortality rafe. The estimate of replacement net of hoarding
is 0.17 4 which is now sub ject to an uncertain degree of
bias because the estimated child mortaljity rate was entered
into the regressione Moreover, the estimate of replacement
does not separate behavioral (ie.e. direct) replacement from

biological (leee due to breastfeeding) replacemente. In.
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addition, the family alze‘regresslons provide no clue as to
the timing of replacements The simplest fawmily size
regression requires only data on the number of deaths and
births for each Tfamily in the sample. In order to obtain
more detailed information about replacement it is pnecessary
to use not only nmore detailed data but also more complex
me thods of analysise The next section will involve both of

theses
Be Conception Interval Analysis

While the corrected least squares method is wvery
informative about the extent of replacement, it tell; us
rather. little about the detalils of the dynamic fertility
process and its determinants, The ﬁaylayslan data has
detglled information on birth intervals, breastfeeding and
mortality which <can be explolted to give a' better
understanding of replacement.

If we are to understand the nature of the replacement
process we must allow for facgors vhich change through time
since the most important explanatory variables are of this
typee. For example, breast!eédlng may be vieved a8 a dunmy
variable which changes from one to zero when a child 1s
weaned f(or dies)e. Likewvise, when we seek to explain the
impact of the death of a child it I8 necessary to take into
account vheﬁ the child dies. As an example of the

difficulties which can arise when one does not have the




-]2=-

dates of birth and ‘death, consider ther study by
Ben-Porath[ 1978] His néthod of checking tér replacement
was to examine whether the death of one of the couple's
#irst k children influenced the probability the céuple
would have the ktist childe Unfortunately, he did not
have access to the dates of the blrths‘and dea thse To the
| extent that one‘ of the first k children died after the
mother's menopause, the importance of a death in promoting
more births would be understated slncé such a death could
not possibly influence the k+ist birthe
| A different problem arises when oné studies the length
of birth intervals as a functién of tﬁe survival of the
child whose birth starts the interval. It is often observed
that, on average, the death of a child at an -early age
‘shortens the interval considerably. Less clear is whether
this reflects reéfaceaent or the effect of mortality
+h dur

shortening the ation of breastfeeding which in turn

shortens the period of sterility following a birthe. Deaths
ofA children after age one shorten the interval to_thé next
blrth far lesse This may seem to Indicate that the observed
shortening forle;rly deaths is mostly an amenorrhea effec*
since after a year breastfeeding bas a smaller effect upon
fecundabilitye However, such a conclusion is not warranted.
%hen an older child dies the interval to the next concép&lon
may already be closeq, 80 even vigorous replacement behavior

in such a case would have no effect on the length of

interval to the birth of the child who followed the dead
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childe Even a small difference in the mean birth interval
for deaths after age one versus no death may be évldence
such couples are pursuing a replacement strategye

Oﬁe of the main objectives of this paper 18 to separate
the blological effects of breastte;ding from the behavioral
effects of replacements There Is room for disagreement err
the issue whether couples choose the extent of breastfeeding
in part to limit birthse. If they do,y, part of the biological
effect of breastfeeding must be counted as behavioral. This
point hasv been made by Schultz[ 1876]. Eveﬁ if couples do
_not choose breastfeeding to control Aiertlllty, there 18
stlll a problem in estimating the impact of breastfeeding on
fertility. - The difficulty arises because the death of a
nursling marks the end of the contraceptive effect of
breastfeeding as well as the possible beginning of
replacement behaviqré Nost child deaths occur early in life
when there will be gsubstantial uncertainty ové} over whether
the child had been weanede Since most data sets do not
include detailed data on how long individual children are
breastfed, one cannot determine vhich deathse lntérrupted
breastfeeding and which didnt®t, It will be ;asy to confound
the effects of breastfeeding and feplacenent' so to estimate-
either effect requires both to be accurately estimated. It
is 6n this rock that most studies of replacement and/or the
contraceptive effects o©of breastfeeding foundere Because
they did not have datﬁ on the duration of breastfeeding,

KEnodel{ 1968] and Chowdhury et. al.{ 1878] tried to Iinfer the
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effect of mortality by exanining the interval betwveen birth
i and birth i+l as a function of the deaths of children
at parity 1-1 and earliers. They viewed the shortening of
the interval from i to i+1 following the death of the
ith child as being thopelessly contamina ted by the
breastfeeding effect. Their strategy is certainly
conservative, but if (a8 appears to be the case below) the
behavioral replacement response 1ls Immediate and sirong in
the current 1interval and only very mild {in subsequent
intervals, this approach will eliylnate all but the Cﬁeshlre
cat's smile ffom the datae.

It should be pointed out that the Qaiting time from
marriage to the first conception is important information
since this interval reflects fecundability in the absence of
breastfeedinge. Because most -ofhers in Naylaysia breastfeed
thelir children for &t least a few months, the interval to
»the first birth provides the best information about
fecundability in the absence of breastfeeding. A natural
quéstlon in this connection is whether couples have lower
fecundadbillity lmmediafely followlngvmarrlage since fhe woman
is likely to be younge A comparatively long first interval
might reflect adolescent subfecundity rather than a small’
ability of breastfeeding to lengthen birth intervalse.

The well known rapid rise in natelity rgtes moving from
women under 20 to women 20-24 is either eliminated or
reversed when one looks at age specific natality for married

women (see United Nations[1976])¢ The sharpness of the rise
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in certain developed countries certainly suggests this wmay
be due to pregnancy inducing marriages Such induced
marriages reduce the mean interval from the date of marriage
to the first birthe This will lead to an overstatement of
the ability of lactation to reduce birth intervals and,
concomitantly, to'an understatement of the effect of direct
replacemente To prevept extremely young women from entering
the sampley no first interval was begun befo;e age fifteene
To facilitate the empirical work I will deal with the
interval between a birth and the next conception leading to
a birth rather than the Interval between birthse Let t Dbe
the length of time for the Jjth mother b;tneen birth i-1 and
the date of conception for the 1th child, where if 1-1
equdls zero the date of marriage is used as the start of the
. intervale The probability density function for the length

of the interval is assumed to be
= + <+ .

where zij(tij) represents exogenous variables whoee values
change through time with the J subscript indexing couples
and the i subscript indexing intervals. The xij are
variables whose values do not change through time, and ‘ﬁ
is a fixed effect specific to the coupleg The particular
form of the probablility density function in (1) is <chosen
pecause it allows fixed effects in waiting time models to'be

estimatede. The full detalls of the method can be found in
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Olsen and Wolpln[lQSlJ. The specification in (1) generates
a tractable regression Podel whichy, besldes allowing time
varying explanatory varlables and flxed effects, also takes
Into account that in the analysis below the 1length of the
intervals 1s - subject to a flxea upper limite The method
used avoids the coefficient bias which results by using
ordinary least squares when the dependent varlable is
truncated (Pearson and Lee [1908]). Both open and closed
blrth intervals may be present in the data; so virtually all
the most difficult complications of waiting time wodels can
be taken into account with a fraction of the conputntlonal
effort which maximum likelihood imposese.

Unless one of the regressors which changes over time is
elapsed time, the specification in (1) implies that the
probability densiti function 18 unliform over timee. The
implicit essumption of a uniform density can dbe relaxed by
using elapsed time as an explanatory variable in (1)
Table 1 gives the sample relative frequencies for the length
of birth idintervals when the potential length of the birth
interval is five years or longere. I only conesider the
woman's reproductive history up to age 45 or the date of
the survey, s0 the potential length of some intervals 1is
restricted. For the £first two years the assumption of a
level density function is fairly goody so below I analyze
" the data hy considering the first twenty=four msonths of each
interval with the woman being considered sterile for the

first two months following a 1live birth. All birth
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intervals ‘vhich are longer than twventy-four months are used
in the second step Aof the analysis which 1lookse at the
elapsed time from the twventy—-fourth month of the Interval to
a birthe. Only the second twenty four months are cons?dered
in the sBecond step 80 that only reﬁlacenent behavior during
the first four yeéars of an interval will be studliede. Vhile
thisvnay result in an understatement of the true replacement
effect, Table 1 shows 22.4% of all spells are longer than
four yearss. Since there are 585 births per family on
average, 14. 6% of the intervals will be final open
intervalse Therefore fertility after four years 1s a little
under 8%, |

One of the advantages of the spéciflcatlon in (1) is
that it has a famlly specific fixed effect whlgh is assumed
to affect the probability density function for waiting time
for a particular couple in the same way for all intervalse.
This is an inpor;anf modification eince 1t aliows the
investigatior to control for ditferences in both the
observed and unobserved characteristics of the family which
are flxed through times The fixed effect may capture much
of the variation 1in fecundabillty and desired fertillty
across couplese. In addition, the fixed effect will capture
variation in the family specific mortality rates which will
eliminate the effect of hoarding on the lengtk of the birth
intervale.

In Table 2 j show the effect of the wsortality

varjables alone on the probability of a birtt within the two




sets of intervals, Tﬁe firast mortality varlable which will
be wused is the number of deaths which occurred prlor to the
birth which started the Interval ("Prior Deaths™). The
second mortality variable Is the number of deaths within the
interval of children who were born no later than the birth
wvhich started the iInterval: ("Interval Death" ). This
variable changes over time since a death can occur anytlime
in the interval, and the effect of such a death on the
length of the interval depends upon when the death occurse
For exampley If a child In the family dies during the two
month perio& of sterillty following a birth, then that
causes the lnterval‘death variable to he'one over the next
46 monthse Ify, in addition fo this death, other deaths of
children born at or before the bheginning '51 the interval
occur, then the interval death variable 1s incremented by
one at these times. Filgure vl plots the iInterval death
variable when deéth occurs at moﬁths oney eight and
thirty=six of the interval. ‘In the first panel tpe variable
starta at one (note the analysis beglns‘atter the first two
months folio'ing a blirth) and jumps to two at month eighte
If no birth occur§ by month twenty—=four +then the second
wajiting time regresslion examines the elapsed time from month
t'eﬁty-tour to a birth and the Interval death variable
starts out at two And Jumps to three at month thirty-sixe
The specltlcatloﬁ in (1) implies that theiearller a death
occurs in an interval, the larger its impact on the ne@n

walting time to a birth over the first two years of that
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interval.

In calcuiatlng the replacement effects of deaths on
later birth Intervals, 1 assume each déath is followed on
average by three more intervals. Yhen I calculate the
blological replacement etfect vhi?h resul ts because a death
interrubts breastfeeding, 1 assume each death reduces
breastfeeding by nine months, which 1s slightly above the
mean duration of breastfeeding during the first twenty-four
months in the Naylaysian sample. I assume breastfeeding has
no effect upon fecundability after twenty-tour'-onthso One
disadvantage of the birth interval method is that the effect
of a death on intervals must be transformed into a
replacement ratee. Regreséions of births on deaths directly
estimate the replacement rate, even though that rate
represents an average over cpuples with different
preferences, tecund9bllities and in different stages of the
life cyclee.

Tables 2-=-4 presenf the results from estimating a
waiting time to conception qodel; The top half of each
table shows results based upon equation (1). The first
column shows the effect of each explanatory variable upon
the probability of a conception leading to a live birth
anytime from sixty days to twenty—~four months after a birthe
Fﬁr exanpley, in Table 2 if a child dies during the first
sixty days of its life, the probability a conception occurs
from 8lxty days to two years after its birth rises by 0.495.

If +the <child died at month thirteen the rise would be hal?t
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as large esince the family's exposure to. an interval death
would be half as greate By way of contrasty, 1f the firsat
child dies before the second child is born,y, that represents
a prior death which only increases the probability the thisd
childa will be‘ conceived within twenty-four -onths'ot the
second birth by 0.036. The constant term in Teble 2 shows
in the absence 6! any deaths the _probablllty of another
concepfion wlthin +two yeare is 0.411¢. The numbets beneath
fhe coefficients are t-statisticse.

The second column gives the sane resﬁlts for all
intervals lasting over two years, from month twenty-=four
througzh forty-eighte. For exnnplé. a neonatal death ralses
the probability of a successful conception between months
twenty—-four and forty—-eight by 0,033 given no conception
occurs within the first two years following a birth.

Finally, the third coluwn conﬁines the results of the
first +two and shows the effect of the explanatory varlabtes
on the waiting time to conception subject to a  forty-eight
month upper limite

The bottom half of the tables calculates the
replacement rates using first the increases iIin the
probabjlity of a conception within the first four years and
secondy by dividing the changes in birth intervals by the
-ean_closed birth interval (25 months)e.

The nést striking result in Table 2 is that
replacement is strohg and immediate v;th rather little

replacement type behavior occurring after the first two




yYyears in a birth interval. Since moet infant deaths occur
in the first sixty dayse it appears that children that die
after living for two or more years tend not to be replaced.
"If child deaths are more lixely to occur when the couple is
older, dlvlﬁlng by the mean birth Interval will overstate
replacement sisce the added time at risk to natality will
come when birth intervals are longer. The degree of
overstatement depends upon the timlng of deaths and the.rate
at which birth intervals lengthen with age for biological
reasonse.

The other explanatory variables used are %Age", which
is the mother's age in months at the start of the inte;valy
and "Husband Present® which is a time varying Variuble which
takes on the value Zero when the husband is absent from the
hoﬁsehold and one othervise., The effects shown are for the
husband always present versus never present in the interval,
‘the latter event being rare in the samples The “Parity"
variable (the paflty of the child which would closeAthe
interval) must be used with care for it |is éssentially a
lagged dependent variable. A couple's fecundability or
desired fertility will be captured by parity sipnce i1f a
woman of a particular age has more children than average,
her previous birth intervals are likely to have been shorte.
For such a woman tﬁe best guess is that the current interval
will also be short if the high parity reflects a desire or
tendency to have many chlldrenes To avoid confounding the

interpretation of parity, I will only use this variable iIn




the fixed effects regresslons where desired fertility and
woman specific fecundabllity have been (presumably) captured
by the fixed effecte. 'hgn fixed effects are used the parlity
coefficient {indicates higher order birth lntervalq are
longer, whereas without tlxed.effeéts the parity coetficient
indicates the higher order'int§rvals are shortere This 1s
the sort of pattern one would expect when parity |is
positively correlated with desired fertility, since high
parity children will tend to be in families that desire many
children, and the fixed effect captures decired fertility.
The same problem can also arise for the breastfeeding and
husband present variables. 1f couples u#e breastfeeding or
separation as means of limiting family size, then couples
using these measures wmay also be practicing other unobserved
methods of contraceptione As a resuit, the tendency of
breastfeeding +to reduce fertility could be overstated
because it tends to occur concurrently with other
contraceptive actionse. The flxed effect metbhod provides the
begt opportunity for isolating the true biological effect of
breastfeeding on fertility.

In Table 3 the birth lnte}val analyeis is repeateq.
this tlmel adding breastfeeding and other explanatory
variabless The overall rate of replacement is very similar
to what was found in Table 2 F'lth the shortening of
breﬂstfeeding accounting for a rate o©f replacement around
15%. The high rates of replacement calculated in Tables 2

and 3 wmay in part be traced to two complicationse First,
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once more the explanatory vearlables may be contaminated by
fecundability and desired fertility. As was the case with
parity, the number of deaths which have occured prior to the

interval is8 probably correlated with fertility since womsen

that bave experienced many infant deaths 1likely bhave had

many births (and short intervals) and msay be expected to

again experience.a shorter Intervale. leewise. there may be
a correlation between fertility and mortality rates which
would tend toc move the coefficlenf on Interval Death upwarde.
This correlation could be connected to fertility hocarding iIn
which case the mortality variables could be capturing both
toarding and direct replacemente. Untfortunately, this
correlation could also be due to spurious ecologlical effects
unrelated to replacement behaviore Those familiar with
Olsen] 1980] may recall that the preéence of such a spurious
correlation was the. most serious complication there as well.
This same typg of contamination was revealed in the work of
Ben=-Porath{ 1978] when he used a fixed effects model of a
different typee.

Because the fixed effect results in Table 4 control
for unohservab‘e couple specific differences |in desired
fertility and fecundability they are probably the most
reliable results of the three birth interval analyses.
Investigators have often pointed out the llportance. of
unobservable factors which differ across couples as a
poasibly confounding influence in replacement studies. It

is certainly worth emphlsizing that +the use of a couple




;pecific fixed effect goes about as far as it is possible to
g0 iIn the direction o©f accounting for heterogeneity of a
very general sort across coupless The fixed effect method
has eljminated the.fertlllty hoarding effect due to couple
speciflc wmortality ratese. Thg regults in Table 4 are -éét
comparable to the family slzé regressions in secflon II-A
-hlch. corrected for hoArding by including the couple
speclfic mortality component as an additlonal‘regreasor.
The estimated replacement effect iIn Table 4 (about 0.27) 1is
larger than the direct replacement effect obtained by the
f£inal corrected family size regresélon (0:17)e ‘Notey
however, that the corrected family size results also contgin
the possibly nonbehavioral breastfeeding effect which
amounts to abqut 12% according to Table 4 Applying this
héeastfeed;ng effect to the corrected least squares
regression we obtaip a 2% behavioral replaceament effect as
opposed to about 15% in Table 4. To obfnln the total rate
of rﬁplacenent for Table 4 we must add in the hoarding
effect, which was found to be about 0.14 4in Section II-A,
The reader has no doubt noticed that 1 obtain different
replacement estimates depending upon whether they are based
on the length of the interval to the next conception, or on
the probabillty of birth during the first four years. A4s 1
no ted | abovey the replacement rates based upon birth
intervals will tend to be too large since sdne child deaths
occur when the mother is older and her birth intervals tend

to be longere.
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When we compare the bilological effect of breastfeeding
in Tables 3 and 4 we see a smaller effect when we control
for déslred fertility wvia the fixed effecte As mentioned
abovey this indicates when famlly specific components are
not taken binto account the biological breastfeeding ;ftect
becomes confoundeg with contraceptive measures whick are
employed at the time a child is nursede. This suggeste that
perhaps breastfeeding is used in part as a con{taceptlve
me thod e The effectiveness of breastfeeding as a
contraceptive is not greate. ¥ithout taking into account
family specific effects, nine months of breastfgeﬁlng
lengthens‘ the birth interval by about. 4.7 months according
to Table 3, presﬁn&bly reflecting the amenorrhea effecte.
when fixed effects are fakqn into accoqnt a better estimate
of the effect is about 3.§ months. In a study qt Turklsh
women, Fisek ete al.{1981] estimated the effect of

breastfeeding on amenorrhea, although without using fixed
effecta; and their findings predict that nine m=onths of
breastfeeding should lengthen postpartum amenorrhea (and
hence +the birth iInterval) by about 4.5 wonths, a result
surprisingly close to Table 3. A great many investigations
into the effeét of breastfeeding on amenorrhea have beén
made; I clte the Fﬁsek study because It employs regression
analysis and readily generates.predlctlonq.

A ¥hile the Maylaysian data has detailed data on

breastfeeding, the conception interval analysis described

above could be performed on reconstructed family histories.




Such histories have the date of marriage and the dates of
birth and déath.for the childreny, but not the date of
weaninge. } & ¢ there ls' information fgo- another source on
breastfeeding practices, a rough »atte-pt can be made ¢to
separate the effects of breastfeeding and direct
replacements I the wmean duration of breastfeeding is
fifteen monthsy, then the date of weaning for each child in
the retrOSpeétive survey could be set at the earlier of age
fifteen months or fhg'age ai deathe The presence of a first
interval ftollowing marrlage during which breastfeeding was
~absent will supply sufficlent sample variation (in ‘
breastfeeding to approximately decompose the effects of
breastfeeding and direct replacement. Thise method is
sub ject to (unavoidable) ﬂlas because of the obvious érror
in the vegning date, but it does provide a systematic way of
combining within —i single framework reconstructed family
histories with information on reglional breastfeeding

practicese.
C. Parity Progression and Birth Interval Analysis

The analysis of replacement In Tables 2 - 4 centered
on the beffect of a death on the probability of having a
birth in either Qonths two through twenty=-four or -énths
teenty=four through forty-eighte. Those results showed a
death had ites greatest effect In producing a birtﬁ in the

first two years of the Interval. Another way of looking at




the pregnancy history data I to ilIgnore the waiting time
between births and focus only on the effect of mortality on
a couple’s progression from parity to paritye It Is wuseful
to conslder the properties of the parity progression ratio
(PPR) method in replaéelent studies.

PPR methéds are subject .to two opposing sources of
errore As I showed in Tables 3 and 4, the inclusion of a
couple specific fixed effect greatly reduced the
coefficients on the mortality variabless This sugg;sts the
couples with high desired fertility and/or high
fec#ndabllity have both high mortality and high mortality
‘ratese Since PPR gstudies do not take this co-plic;tlon
into account their observed replacement effects could well
pe lgrger than the true effects.

The second source of error arises in the interpretation
of PPR resultse As Rutstein and Medica[ 1978] bave pointed
out, at low pariti;s the differences 1n the PPK for
couples with one death versus those with no deaths shouid be
gsmall since most famllies would desire more children
regardless of the number of deaths. Rather than estimate
replacement as of a particular parity as the proportional
difference in PPRs between couples with and without an
infant death 1t would be . better to use the proportional
difference in PPRs divided by the proportion of all
families at thet parity whose deslred family size is at or

below that parity. The use of the proportional difference

in the PPR across all parities, as in Vallin and
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Lery[ 1978]), 1s likely to understate replaceaent, although

the degree of understatement would be difficult to estiaate

in the absence of data both on desired family size by couple
and the correlation of fertility and mortality.  Since we
cannot know which of these twvo opposite errors is larger, it

is difficult to interpret PPR resultse.
Ill. Summary

In concluding, there are three major results iIin this
paper. The .flrst point which should be emphisized 1Is the
importance of taking into account the presence of a spurious
correlation between fertility and -ortality. 1t is
interesting to note that in the family size regressions the
failure to allow for a correlation between fertility and
mortality led +to the replacement rate being overstated by
about 0.40. Once faml)y specific fixed effects are
introduced, which pfesunably control for family specific
-o;tality. the estimated rate of replacement using the birth
Interval analysis drops by rougﬂly the same asamounte

Second, there appears to be a -odefate amount of
replacement in the Maylaysian datae. Replacement due to
fertility ﬁourding 1s somewhere above fourteen rercente The
blological impact of a death via lactation adds about twelve
percent to the rate of replacement, Nothers may breastfeed

in part because it has a contraceptive side effect, 80 some

of this biological effect may reflect behavior since the
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length o©0f breastfeeding 1is subject to cholcee. Finally,
direct behavioral repiacenent is somewhere between five and
fifteen percent which leaves the lover bound for the total
extent of replacement somewhere between thirty and forty
percente Some of the effect I ascribe to breastfeeding may
in fact be due to direct replacements This bias arises with
my method because; as 1 noted abovey pre—-marjital
pregnancies increase the estimated tendency of breastfeeding
to prolong birth lnte;vals and hence decrease tﬁe estimated
effect of direct replacement.

Third, the interval regressions suggest that the
behavioral response to a &eath is fairly immediate. Vhen a
. death occurs, the monthly ﬁrobahlllty of a birth rises by
about 0.0035 after accounting for the effects of lactation
on amenorrheae. The effect of a death is confined to the
interval in which it occurs; ‘aubsequent intervals seem
little affected. The effect of a child death also
diminishes the further into the interval the death occurse.
Thus it appears children who Qie soon after birth are
replaced to a greater extent than older chlildren who die.
Apparently replacement jis =more complex than Jjust a simple
attempt to achieve a goal for live children. This result
seems to suggest that as a child ages the parents view a new
baby a8 a progressively worse substitute for that child
should 1t dlee.

It is very dangerous to generalize across cultures, but

this apparent concentration of replacemsent behavior early in
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a birth interval suggests some of  the replacement which
demographers have attributed to the effects of lactation on
amenorrhea may instead be direct behavioral reblace-ent.
There are two sources for .such confusione. First,
replacement occurs during that part of the birth interval
when breastfeeding is mogt coﬁnonly practicede This makes
1t exceedingly easy to attribute direct replacement to
breastfeedlﬁg in the absence of the data which i=s ﬂecessary
t0 separate the twoe. Second, because the apparent
biological iuéact of breastfeeding is reduced when we
control for family specific factors, it appears those

couples that desire many children breastfeed less. This

‘amounts to indirect evidence that breastfeeding is used as a

contraceptive (see Lithell[1981)).
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Appendix

Table A gives the results for the model of 1length of
life for childrens The first column glves the coeftficients
when a family specitic fixed e{tect is wused, the second
column shows the same speclflcafion without fixed effectse.
The model is estimated over the first ten years of life for
each child, or the potential age at the time of the
interview, whichever is smallere As is well known, most
deaths in thlis age range occur very early in life which
means that the probability density function for length of
life over the first ten years of llfe fs not uniform but
ratheg declines sharply with age. In order to deal with
this I transformed the measure of time so that after the
transformation the empirical histogrﬁn for length of life is
nearly uqltorm up to age tene It is not unusual for waiting
time studies to tran;torm the measure of time, most often so
that the resulting data more nearly conforas to the
exponential QIStribution. The simplest way to interpret the
coefflclents in Table A jis to multiply by 120 to get the
effect of a unit change in the variable over the first ten
years of life on the probability of dyinge One must be
cautious vheﬁ doing this since children are not breastfed
for ten years, nor will they always have siblings in certain
age brackets. The transformation to near unlfor-lty 1 have

employed implies the effects of the explanatory variables
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and fixed effects are stronger at earlier ages where most of
the deaths are, 80 that an additive model In transformed
time becomes more nearly a multiplicative model 1In mnatural
time wunits. Since the fixed effects are the elements of
interest, Table A is provided only to give the reader some
idea of which variables are important In determining child
survival in Nayleysiae

In the presence of replacemént the coeftlcienté on the
sibling variables will be blased because a death will lead a
family to have more children. Since the sibling variebles
are essentially the average number of other children in
particular age brackets during a-chlld's potential lifetime,
replacement generates causation running froa de#ihs to the
sibling variables. This confounds the interpretation of the

sibling coefficients as indicating the effect of competing

" claims on family resources. Fortunately, the fixed effects

are stochastically independent of the other coefficlents so

this bias is not transmitted to the fixed effects.




Figure 1

An Example of the “Interval Death" Varisble
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Table 1

Eelative Prequency of Intervals to Conception

with Potential tength of Five or More Years

length in Months Relative Frequency

2-6 : ‘ 129

6-12 .128
12-18 , .159
18-24 .133
24-30 .100
30-36 .058
36-42 041
42~-48 s .028
48-54 .022
54-60 ‘ .020

LA~Z 4

over 60 173




TABLE 2

Conception Interval Analysis — Mortality Varisables Only

Variable

Constant

_ Prior death

Interval desth

Replaceneﬁt over first

four years

Replacement next three
intervals

Totel Replacement

. Probability of Probability of Length of
Conception Within Conception Within Interval for
Months 2-24& " Months 24-48 First 48 Yonths
0.411 ' 0.660 25.60
0.036 0.025 1.56
(1.82) (0.69)
00495 00033 —17 . 72

G.348) (0.35)

Replacement Based on
Probability of Comception
During First 48 Months

0.50

0.15

0.65

Replacement Based on
Length of Interval

to ¥ext Conception

0.71

0.19

0.90




TABLE 3

Conception Interval Analysis — Other Regressors

" Probability of Probability of . Length of

Conception Within Conception Within Interval for
Varisble : Months 2-24 . Months 2448 Pirst 48 Months
Constant 0.486 -0.185 33.21
(2.27) (0.19)
Prior death 0.050 0.0382 | -2.21
(2.62) (0.95)
Interval death 0.328 0.03%0 -11.95
(4.79) (0.41)
Breastfeeding - «0.113 | — 4.69
(8 months) (8.47)
Age Mother 0.0000585 -0.000239 .000821
' (0.33)
Busband Home v 0.0903 0.921 -14.21
(0.42) (0.92)
Replacement Based on Replacement Based on
Probabilfty of Conception Length of Interval
During First 48 Months to Next Conception
Replacement over
first four years 0.34 0.48
Replacement next
three intervels .21 0.27
Total Behavioral
Replecement 0.55 ‘ 0.75

Total replacement
including breastfeeding 0.66 0.93




Variable

Prior death
Interval death

Breastfeeding
(9 months)

Age Mother
Husband Home

Farity

Replacement over
first four years

Replacement pext
three intervals

Total Behavioral
Replacement

Total replacement
including breastfeeding

TABLE 4

Conception Interval Analysis - Yixed Effects

Probability of
 Conception Within
Months 2-24

0.00365
(0.14)

0.0947
(1.53)

-0.0911
7.82)

0.00570
(15.9)

1.03
(3.26)

-0.234
.(7.3)

Replacement Based on
Probability of Conception
During First 48 Months

Probebility of
Conception Within

~ Length of
Interval for

0.13

o.zl

Months 24-48 ¥irst 48 Months
=0.0109 .00305
(0.21)
0.0678 -4.13
(1.19)
— 3.78
0.00230 -0.23
(4.61)
-0.657 -28.17
(2.69)
-0.153 10.03
(5.25)
Replacement Rased on
Length of Interval
to Next Conception
0.17
0.00
0.17
0.32




Teble A
Probability Density Function for Length of Life in Maylaysia

Over FPirst Ten Years of Potential Lifetime

Variable Fixed Effects Ko Fixed Effects
Constant 0.004273
(1.56)
Birth Weight -0.00008773 0.0002476
(2.64) (5.79)
Sex (Male = 1, -.0001599 .-0.0002171
Female = 2) (2.25) (2.26)
Interval to Previous 0.000003739 -0.00001254
Child (1.28) (2.38)
First Borm 0.001395 -0.00005097
(5.17) ( 0.18)
Second Born 0.0008561 0.00004377
(5.23) (0.25)
Third Born 0.0005702 0.0003950
(4.33) (2.43)
Birth Weight if 0.00003364 0.0002022
Approximate (0.83) (5.08)
Age Mother at Birth -0.000 4177 -0.00 1057
under 25 (0.93) (1.61)
Age Mother at Birth -0.0005466 -0.001254
Age Mother at Birth -0.0005443 ~0.0007242
30-35 (1.37) (1.15)
Age Mother at Birth -0.0006826 -0.001398
35-40 (1.69) (2.09)
Number Live Siblings 0.003460 0.003857
Under 1 (6.59) (4.89)
Number Live Siblings 0.0004645 0.00008664
1-5 (5.10) (0.86)
Number Live Siblings 0.0002077 -0.00007161
5-10 (3.19) (0.74)
" Number Live Siblings 0.00005470 0.0001425 .
10-15 (0.72) (1.40)




Table A

Variable

Number Relatives Present
Under Age 10

Number Relatives Present
Over Age 10

Number of Grandparents
Present

Child Care by Siblings
Child Care by Grandparents
Child Care by Other

Persons

Electricity
Access to Piped Water
Access to Toilet

Facilities

Number of Sleeping
Rooms

Dwelling with
‘Modern Walls

Time of Mother at Home
and not working

Time of Mother at Home
and working '

Time of Father at Home

Breastfeeding

Dummy for First
Year of Life

Fixed Effects

~0.00008681
(1.14)

0.0001094
(1.04)

-0.00001147
(0.15)

0.0004438
(0.67)

~0.001188
(2.50)

-0.0009798

(2.10)

-0.0002749
(1.45)

-0.00007635
(0.36)

0.0003231
(1.30)

0.00003040
(0.51)

0.00007144
(0.31)

-0.0001091
(0.18)

-0.001089
(1.22)

0.0004696
Ilo 15)

-0.004153
(18.7)

0.00528
(2.29)

Page 2

No Pixed Effects

" -0.00009025

(2.54)

0.00007252
(0.95)

0.00004058
(0.77)

~=0.00003019

(0.03)

-0.0001366
(0.28)

-0.003359
(3.03)

- =0.001849

(6.45)

0.0003413
(1.62)

0.00008547
(0.91)

-0.00005408
(0.99)

-0.0005400
(2.79)

0.0004223
(1.99)

-0.00006972
(0.17)

-0.00006781
(0.39)

-0.004144
(12.4)

0.002601
(0.97)

Note: Multiply coefficients by -120 for effect on probability of death during
first ten years or by -7200 for effect on length of life. For many of
the time varying varisbles this may constitute an extrapolation consid-

erably outside the range of observed variation.
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