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— ABSTRACT

A stochastic model of human fertility " has 'been
debeloped in this thesis under certain assumptions regarding

R
socio-biological factors which influence human reproduction.

The model 1is applied to study fer;iiity Fpatterns and

differentials for two.first marriage cohorts (first married
duringl 1965-69 and 1970-74) of fecund Bangladeshi women in
terms of time spent in nonpregnant state before a direct
transition to’ bregnaﬁt state, conception and live birth

intervals, and '‘annual probability of the occurrence of a

live birth.

A yoman beloﬁging to the 1965—69l cohort \is found to
remain in nonpregnant state for 6.7 months, on averagé,
before a direct transition to? pregnant state while the
corresponding a§eragé  time spent Sy a woman in the 1970-74
céhort is 7.2 months. Mean conception; 1nterﬁéis " are
estimated at 32.0 and 32.7 months for womeﬁ<;;:§ie 1965-69
and 1970-74" f1rst marrxage cohorts respectlvely thle the
estimate of mean live birth interval is found to be 33.6
months for women in the 1965—69 cohort, the corresponding
estimate for those in -the 1870-74 cohort is found to be 36.0
: months. One of the plau51ble reasons for this apparent small
"difference between the estxmates of mean conception and mean
live birth 1ntervals, partlcularly for women in the . 1965-69

cohort may be under-reportfﬁg of concept1on§ tetmlnating in

non-live births. The estimates of average ‘time spent in



nonpregnant state before a direct transition to pregnant

state, mean concepcion and mean live birth intervals for

women in both the cohorts are found to be higher among urban
than rural women, among women with at least some schooling

than those with no schooling, and among Muslims than

\

'non-Muslims. N
N

)

Anngal fertility rates per woman are espimated at 0.375
and 0.334 ‘for the 1965-69 and ]970~74 first marriage cohorts
respectively. As dqgeumented - in most 'of the studies: on
fertility differentials, the model estimates of fertility .
for both the cohorts havé exhibited. negative relationships

with urbanization and  education, and fertility for

non-Muslims is found to be lower than that fe¢ Muslims. = .

-
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1.1 Background and Objectives

Concern about the rapid population growth in most of
the developing countries has led population scientists to
formulate stochastic models as a tool in wunderstanding the
dynamics of 'population change and in explaining the
components of such change. According to Mode (1975: 247),
"....Stochastic models provide pot onlx_a means for a 'more
realistic descriptibn of the variation in the biolégicql and
social pheﬁomena underlying population growth, but also a
natural milieu for drawing statistical inferences from data,
a subject that'is inextricably intertwined with potions of
probability”. In the past few decades, there has been .
considerable interest among many mathematical demographers
.«in the development and cpnstruction of probabiiity models in
fertility with a view to study the reproductive pattern,
particularly the pattern of occurrencel of live births to
women as they progress through their reproductive span,
Significant contributions toward the formulation  of
probability models for the study of human fertility bave
been made, among others,.'by Henry (1953, ]957,' 1961),
Dandekar (1955), Brass (1958), Potter (1960, 1961), Singh
(1963, 1964a, 1964b), Sheps and Perrin (1963, 1966), Perrcin
ahd Sheps‘ (1964), 'Sheps (1964,1967), Sheps et al. (1969},

Chiang (1971), Krishnan (1971), Mode (1972, 1975), Sheps and

[

o -
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(1974, 1975).

A developing country like ABangladesh lacks suitable
data covering all aspects of fertility on a national level.
But if, for instance, datq- on the distribution of women
according to the number of live girthsvafe available through
census or pational sample subé??s, it is possible, by
fitting a suitable stochastic mddql to these data, to
approximate the distribution ofW'time intervals between
successive births, and the distribution. of live births per
wéman in a Spepified period of yeéys for a given,cohorg of
women. In addition, stochastic models ' of 'fértiifty ,mék:
contribute to investigating the effectiveness of various
contraceptive methods and their:effects on birth rate (see,

. \
1966, 1967; and Singh et al. 1974). Sbch models may also b

!

for example: hietze, 1959; Sheps azP Perrin, 1963; Sheps, '
applied as an aid both in the formulation of nation%h
population policy and in the evaluation of fémily planning
‘programs launched in many developing countries, including

Bangladesh, aimed at reducing birth rates.

i

The purpose of this‘thesis is to develop a 'stochastic
model to study the fertility paﬁterns of various marrjiage
cohorts of women and to investigate d{fferential fertility
ABehaQiour by rural-urbanm educational, and religious

backgrounds of Bangladeshi women. Attempts %ill also be made

to derive policy implications for fertility regulation in

&£ 1
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the context of Bangladesh.
1.2 The Study Area and the People

Bangladesh lies abproximately between 20°30' and 26°45'
porth latitudes and 88°00' and 92°56' east longitudes.
EXCept for a short barder with Burma in the southeast the
country is bounded by a long land border wlth I'ndia on the
wesgt, north and east and by the Bay of ‘Bengal on the south.

'sThif.}owolyinq riverine eouﬁt}y?has a total'area of 55,598

square mlles xncludxng rxver surface. More than 85 per cent

‘of ,the total land is flat alluvxal plaxn transversed by

\ A

22}‘three magor rgvers the Gahges Padma, the Bfahmaputra Jamuna

and the Megna, and thexr xnnumerable trlbutqr1e5 Bangladesh

bas a. hum;d sub trop;cal clxmate thh three seasons a hot

© summer . with hlgh humxdxty from March to June, a moderate hot'

[

and humzd monsoon from June:'to early’ October,~and a cool dry

winter from mzd.'October to esblyH;Maoch.‘ vVerage annual
temperatures vary betwesn'57jF {épo‘ EOAF. January' is the
coolest month while the hottest months are April snd May.
Mean annusl rainfall varies from 50 inches in 'the west to
‘100 inches or more elsewhere. Tho hesvy rainfall spfeads
over the whole monsoon season and causes ‘frequeni floods. .
Tropicél cyclones often accompanied by tidal bores froh the

! .
Bay of Bengal and floods have, on many occasions, brought

~ about havoc in the country'resnlting in considerable loss of

human lives and properties (Nyrop et al., 1975; -Bahgladesh,

1978)



The ‘area nowlencompassed by Bangladeéﬁ has been known
by a.number of names: Before August 14, 1947, it . was ‘known
as East Bengal, a part of the Brftishifﬁdign‘state of
Bengal. Between 1947 and 1971, it was the eastern vprovince
of Pakistan called East Paki;één: ngqu the 24 years of
~union, the two wings of Pakistan (eagé ana ugéf) separated
by 1500 miles--ef foreign ﬁerritory hééxan‘uneasy partnership
with occasional regionél, econom}é, politicai,,,cultural
conflicts  (Curlin et al., 1976). A political debacle
escalated into a civil war 1in Marchl1975 which culminated in
An all-out“war of liberation against West Pakistan. After a
" tremendous sacfifice of life and property, Bangladesh

_ e v
emerged as a sovereign and independentpation on December

16, 1971, . | . o - g
Bangladesh is the eighth‘mostqpbpulou$~country iﬁ the
world. According to the 1981 censug, iﬁs population was 89.9
million. Density of population is one of highest in world
with an average of 1,617 peréohs‘pef square mile. With an
estimated growth rate of 2.32 per'vcent per annum, its
population'may double in.about 30 years. The population was
fairly stable at about 17 million QUring thé eighteentﬁ
‘century (Mésley and Hossain, 1973). %inée'then.it beban‘ to
éfow slowly reaching 29 million in 1901 and approximately 55
millién'in ?ﬁn 1961. The rate of ,growéh has increased
considerably since -the décade of sixties (Banglade%h%hureéu
of Statistics, 1984). The popul§tion of Béhgfiheéh is

characterized by a youthful age structure with 46.4 per cent



below age 15, and only 3.8 per cent  aged 65 and over

(Bangladesh Bureau of StatistiCS, 1984) .

Bangladesh 'is predomgnantlyfa rural country with about
85 per cent of the population 1living in rural areas
(Bangladesh Bureau of Staﬁistics, 1984). With the exception
of some tribal population in the hilly regions,  the
populat{on Gis ethnicélly  homogeneous. The major religious
éommunity'iﬁ the country is formed by the Muslims. About 87
per cent * of the population are Muslims who have largely
qontributed/to the‘overall growth of the popula;ibng Among
other religious communities, Hindus comprise about 12 per
ceng\and Christians and Buddists constitute only about 1 ‘per
cent * of the total population( (Bangladesh Bureau of

‘Statistics, 1984).

[t

Marriage patterns in Bangladesh are, characterized by
. kY
near universality and early age at marriage for women.
' According to the 1981 census, only 1.2 per cent of males and

0.3 per cent of females aged 45-49 r potted "to have never

married. Singulate mean age at flarriage based on the 1981

census data were .estimated at 16. ﬁggars for* females and

23.9 years for males. The value /of the singulate mean age {%

marriage has increased by aboug. 1.5 years for males and 2.4

years for females since 1981 A(Bahgladésh Bureau  of .

Statistics, 1984). The practice of néar' universality ;of.

I

‘\~/ﬁ;;riage and low age &%t marriage are associated with the :.
prevailing socio-religious custcm§ inﬁBadgladesh (Duza and
) ' ’ ? » 9 ‘ ‘ ) L

@ S As
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Baléwin, 1977; Chaudhury, 1934),

The literacy rgte in éangladesh is very low. It is
1o&er‘among femalés than males. 6niy 25.8 per cent of males
and 13.2 per cent of females were able té read ‘and Qrite in
any lénguagé‘according to' the 1981 census. Slightly less
than one-fourth of the population igedﬁs years and over wére
litefate. The rural-urban and religious differentials in
litebacy‘ rate are substantial.‘ﬁmong urban population the

literacy rate for both sexes was 34.8 as against 17.0  for
. P :
- their rural counterparts while the. literacy rate among

Muslims was 18.8 as against 26.3, for Hindus (Bangladesh

T

Bureau of Statistics, 1984). . . \

The economy of Bangladesh is chiefly dominated by
agriculture which contributes abo;é‘two~thfrds of the gross
national product (Chen andl Eﬁaudhury,' 1975). Agricultufal
‘land in Bangladesh-has been fertile and about 80 per cent of

the total cultivable land provides for food production.
. X :

\

Despite the predominance of agficﬁltﬁfe, food supply has
been inadequate §6r £he needs of Mhe popdlation'éven in the
'periods of good harvest (Rosenberg, 19?3). Acéordigg to Khan
(1972 : 25—27’\"... nearly'hélf the Jpopulatién are ‘on al
"starvation diet,\'négfiy 90 per 'égnt have some kind of

' deficiency in food, and that a"vast majority are 'ill-clad

and nearly ~she1§erless". . Further, the agricultural

p;oductioﬁ deteribfated in recent iears due to cyclone, war
énd mon&oon floods reéulting“in a decline 'in the per'gagjgg ‘
~

\ 2
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availability of food‘ for consumption (Chen and Chaudhury;
1975) . By 1975,‘the population was economically worse . off
than it bad peen before independence. "Aberage per capita
income was t?e edui#alent of US$70 a year; the poor majority
of tHe population had substantiaily less on,?hich to live“‘
(Nyrop et al., 1975 : 209). Per capita GNP in Banglgdesh
during 1983 was equivalent to US$ 180 which is one O;/Phe

lowest rin the world (Populatxon Reference Bureau, 1985)

~Crude |, activity rate in Bangladesh is low. The
percentage of the total population‘economically .active has

declined from 28.7 in 1974 ‘to 27.1 in 1981 (Bangladesh

!

‘Bureauy of Statistics, 1984). About 61 per‘ cent of the

>

economically active population' 10 yéars and over were

-engaged in agricultue, and only 4.2 per cent of the' .females

aged 10 and over were economically active according to the

1981 ﬁanglaﬁesh population cenSus;, The lew activity rate
among females mafl’be aggribdted to the prevailing social
customs that“discourage‘perticipation by women in outeide
work for, wages with their male counterparts. Bangladesh has‘
a high dependency ratio of 109 persons which is mé&nly' due

o an exceptionally high proportion of young pertons 'in its.

age structure (Bangladesh Bureau of Statistics, 1984)..

A



1.3 Stochastic Models of Fertility: a Review

“NThé formulation of mathematical models for iﬁuman
prulétions, though deterministic, may be traced back to
Euler ‘in 1796 and pioneering’ works.by Lotka (1907), and
Sharpe‘and Lotka (1911). However, the early major research
iﬁ, tg; development' of stochaétic model in the domain of
human fertility has beenvdue to éﬁ Italian statistician and
demographer, Gini (1924, 1926),_ He ' has introduced the

N f
coricept of fecundability, i.e., the probability that a

fecund woman susceptible to dongeption will conceive during
a mensfrual Cyéle (usually takeﬁ .as a m&nthi. He has
prépoéed a ‘ﬁethod ‘'of estimating fedundability by assumiq_g~
that: it is not affected'by‘aurétjoﬁ of e*pbsure to risk of
pregnancy. Further: assuﬁing constant fecundability of a
‘marrigdmwbman (ekc?bt for ' the first month of marriage)
beforer céncéption: he'has est}mated the mgig fecundabilitx
. of women conceiving for the first time in honths x to x+y of
ﬂmar;iagef 'He has found that the'numbef"of‘women'conceiving
ﬁpr tﬂé first time in a‘given‘mohth is‘propoftional to ﬁhe
number of firstllive births nine months later. This finding

has been based on the assumption that the duration -of

gestation and the frequency of fetal deaths remain cénstant

in the months x to x+y of marriage. "
<

Henry (1953) has formulated - stochastic . models

- incorporating Gini's notion of fecgndability. On the

 assumption of constant fecundability per woman, he‘yas



\
suggeséed that ;he‘ yglues of the méan fecundability of a
population and its'cogfficieht of variation can be estimated
from 'data on the ptobortions of womeﬁ éonceiviﬁg during the
first and second months of éxposure to risk of conception.
'He has studied boﬁh discrefé és well as continuous-time
reproductive models postqlating ' both Abomogenebus\ and
heterogéheous populations. Later in a ‘éeries of papers,
Henry (1957 1§€qa, 1961b) has derived limiting results for
blrth‘rqtes and stud;ed the relationships betweqn uqderlying
biologfcél factors, such as fecundability, durations of
pregnancy,' and postpartum sterility . He~ ha;\explored the
possxble causes.of variation in birth ?ates by. duratxon- of
marriage, and ﬂproblems« in anélyzing inter;als between
‘successive births.'He suggests that‘ the differentiéls and
trends in birth rates ‘or conéepti@n rates should not he

regarded as a dlrect reflectioh ‘of the corresponding

dlfferentxals and trends in fecundablllty and fetaA death

‘ On the assumption of constant effective fecundability
(monthly probability of a ‘conception resulting in a live
birth) and constant total infecundable period (gestation

period plus postpartum amenorrhea period) following a

conception, Dandekar (f955) has constructed several models -

of‘reproduction. Based on these asspmptions, he has pbtained
'expressions for the probabiiity ofﬂat leSSt x“births 'in:iy
years of marrxage. He has der1ved two different expre531on5
for . the probab111ty of m concept1onsw1n a’ f1xgd' per10¢ Bf

time t depend1ng on whether.t1me is treated as\f‘discrete or

-
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continuous variable or whether the waitihg time followé a
geometric or aq‘expoﬁential distribution. The expression for
continuéus~time_ quel derived by him is similar to that
ob;éinéd by'NeQman (1949) with regard to the 'problem ~of
esﬁiméting the number of‘échoqls of fish. Dandekar has alsd

obtained the expression for the asymptotic _pregnancy rate.

The  same expressioﬁ for this rate has been derived by Henry -

(1953} and Basu (1955).

Vincent (1956) hastinvestigated the possfble influences

of factors, such as timing  of marriage, variations in

fecundabjlity, variations in the duration ~of menstrual

cycle, and the variations in 'the duration of pregnancy on

the distributions of cénceptions and births. He suggests

that the hean.fecundability of newly marrfed women . may be
estimated from . ‘the distfibution of interQals between
. | ’ , ‘
marriage and first birth. From the model for estimatfng ‘thé
fecundability wusing the data on . first . births, he als§
suggésts that the difference between the 'proportion of a
group of women conceiving‘in the fir#t month of marriage and

the estimated/hakmonic mean may be taken as a measure  of

heterogeneity of the group.

Brass (1958) has developed a cdntinuous-time model

assuming constant fecundability of a given woman. This
constant varies from woman to woman and he uses a ,gamma
mixing distribution to allow for this variation. He has also

assumed that thgv total infecundable period following. .a

~

10
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~conception is constant and that a pregna&cy Qill terminate
only as a live birth. Corresponding to this model,‘he has
derived an expression for thé probability of m 1concéptions
in .tiﬁe t. He has introduced some modifications into

Dandekar's model and derived descriptive parameters based on

the number of births borne atﬁspecified ages of women.s

Adding a provision fop’ fetél wastage to Dandekar's
déscrete model, Potter (1960, 1961) hésu obtained the
probability distribution of the number of births in a given

time period assuming the use of relatively effective birth

\

control methods. Singh (1963, 1964a) has also modified

Dandekar's discrete~time model making the assumptions of a
fixed fecundability for each woman and a beta mixing

distribution to adjust for the fecundabilities of all women

and derived an expression for the probability of m
N\

conceptions in time t. Taking the mean duration of gestation
and postpartum amenorrhea at .12 months 'and estimating the

proportion fecund and fecundability using Dandekar's data,

he has found a better fit .than -Dandekar has done. Later,.

Singh (1964b) has derived an expression for the-distribution

I

o A

of wéitihg time infthe contbnuous case confining the model
tq' that .part of " the reproductive‘period where a woman is
sﬁsceptible and waits for a conception; assuming that each
i woman ' has constantv  fecundability and  that the

fecundabilities of all women follow a gamma distribution.

-«
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f ﬁ%ing a special case of Henry;s .discrete—time model,
namely, constant non-susceptible pericd associated with live
births ano stillbirths, Sheps and Perrin (1963) have
examined the effectivenéss of contraceptive practices on
fertility ratés‘and found that more effective methods used
. by }a smaller proportiopn of a population uill result in the
‘greater dcclinc‘in fertility rates than will less effective
mét?ods practised by a larger proportion of ‘the population,
In a later paper, Sheps and Perrin (1966) have again used
the:~same speciali case off Henry's aiscreteotime model to
obtain the dzstrxbutnon of time requxred for the occurrende
of’a fixed number of conceptlons termxnatxng An live births.
In thexr model they have taken into account more than one

l

type of pregnancy, i.e., any pregnancy that terminates

either in fetal wastage, stillbirth or live birth with a.

§i§en probability. ' The model 'also allows for variable

£

4

periods of gestation and of nopsusceptibility to conception.

(-

P ~Perrin and Sheps (1964) have formulated a stochastie Z

/
-model to approxxmate the human reproductlve behavxour *which

is viewed  as a Markov renewal process thhla flngte number
of states. In this model, they have assumed that at any time

after marriage (before the occurrence of secondary sterlllty

“~

or menopause), a woman is in any one and only of . the

following five states:’ (1) nonpregnant” fecundablg, (2)‘

\ ' “ +

" pregnant, (3) postpartum amenorrhea perxod assoc1ated  with
abortion or fetal wastage, (3) postpartum amenorrhea peflod

‘associated with stzﬁlblrth,,and (5) postpartum amenorrhea

12
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period associated with)live birth. They have also assumed

that the length of stay in each 'state is a random variable

’

‘and. that each pregnancy ‘terminates in one of the 'following

outcomes;' fetal death, stlllblrth or live birth with fixed

)

probabillties. In their model, they' bave further assumed.

i)
’ N

cohstant fecundabzlxty for a woman ,in the nonpregnant

fecundable state and the waiting time for a conception

follows a geometric dxstrxbutxonA 'Expressions ‘have been

A .
“derived by them for tne mean and varxance of dlfferent Lime

intervals = (e.g., the interval ‘between . successive live

bifths), and for the monthly probability of a live birth,

They have also obtained. expressions for the mean and

var;ance of llve bxrths, stillbirths -and. miSearriages in . a

given ' pePAOd aﬁter ma:flage, and the ppObabllltleS of the

‘different states at a, glven polnt in. time.

*
v "

qu' a heterogeneous populatxon of couples wlth unequal

monthly probabllxty of conception, 'Sheps (1964) has deplved‘

the dlstrxbutxon ‘of txme' needed for conceptlon and the
v’\ ‘ "“' '

d;strxbutzon of COnceptlon delays ln a later< paper, Sheps

(1967 has‘ formulated‘ class of. stochastxc models for a

homogeneous cohort of women 1n terms‘ ofi a . Markov ,renewal

process on the assumptloq thac the process is 1ndependent of
L% .'\

‘age and parlty She has explored ‘the1 effects of ‘various

levels of contracept1ve effectxveness and abort1on ratgf on

¢

blrth rates, and the ‘use ‘of’~these~ models in ‘evaluatxné

populatlon pollcxes. She has also deczved the moments of the'

d1str1but10n of coqceptlon delays in” a group. where ' the

Lo e— . ' S DR . [l . Lo
' ' , e Vs noe Yoy
.
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woman Put varies betwegn women in an unspecified manner .
Sheps and Menken (1973) have presented a unified approach to
.the derivation of the existing models of human Eeproduction.
While introducing the various models, they have Yncluded a
comprehéqéive review of the techniques and methods used in

_their construction.

. In = addition to developing. a stochastic model of
conjugal " history in terms 'of Markov renewal process,
K}ishnan (1971) has introduced a special type of Markov
t'[ |
\,‘\ Al

}( Eewal process to set up a model of human fertAlAty taking

’”
’

two ‘transjent  states  (nonpregnant

%3fbcundable and pfegnant infecundable state) and an’

f-orbxng state (death state) Chiang (1971) has developed a

“ﬁkochastxc_ model f human fertility.. The model is

k¥ a

‘dﬁpﬁaomogeneous vthh respect to time as he has treated the

tsansxtion from fecundable state to pregnant or infecundable

state and the cdrresponding probability as a function of
woman's age éng_‘the ‘transition from infecundable to

fécpndable state . a function of ‘the length of time she has
. been pregnant and her age. Expressions have been derived for

.'thé' multipie transition probabilities between the three



a female to have certain number of pregnancies. 'As he has
put together both gestatjon and postpartum amenorrhea into a
single séate, namely infecundable state, there are some
limitations in his model. The probability that a woman aged
X who has been in fhe'pregnant or infecundable state }or a

length of time t will have a transition to the fecundable

" state in the age interval. (x, x+dx) will npot only be

influenced by x and t, but also on the division of t into

its two parts, namely gestation period and postpartum

, '
amenorrhea period.

‘Mode (1972) has studied the. Malthusian parameter

(intrinsic rate of géomeﬁric _growth of a population) in

i, 1 »

terms of a modificatﬁg&ﬁdzfthe Macrkov renewal model of human
eagih :

reproduction formulated by Perrin and Sheps (1964), In his

stochéstid model, Mode has taken into account- the biological

+ factors that the reproductive period  of every woman
terminates eventually and that every woman runs the risk of
death thrqughout her life span. He has derived an expression
for evaluating what iﬁfluences a population policy
coﬁsisting, for example, of contraceptive practices and laws
of abortion, may have on population growth. In a subsequent
paper, Mode '(1975) has attempted a modification of the
classical renewal theory to construct a model of a

.

terminating reproductive process in which waiting time among

“

live births are age and parity dependent. He has obtained

the distributions of waiting times among live births by
\ ' . .



restructuring the Perrin->nNeps -moagl as a Hoin uuimvycucuus
absorbing semi-Markov process. He has given numerical
examples illustrating how the modelds of human reproduction
‘may be linked to generalized age dependent branchiﬁé

processes in the evaluation of family planning programs.

Das Gupta (1973a, 1973b) has constructed a stochastic
model of human reproduction 'alon? the lingf suggested by
Perrin and Sheps (1964). This model is more general than
that ‘of Perrin and Sheps, and takes into éccbgnt the likely
dependence ' of postpartum amenorrhea on the previous'
gestatioﬁ period, and for live births, on the breast-feeding
Statu§ 6f the women. He has formulated two models, almost
identical in concepts, treating time in one case as
continuous and in the other case as discrete .variables, He

has derived exact probability distributions of .various

characteristics of fertility in terms of Laplac ransforms

(or  probability generating functions in case of

discrete-time), their moments as well as asymptotic
N\

behaviour of the exact results.

i

Assuming fecundakility to be parity dependent, no fetal
' -

wastage, and a constant period of non-susceptibility

associated with each‘'conception, Singh et al. (1974) have
developed a stochastic model for the number of births to a

woman during a given time interval since marriage. They have

" applied the model to find the probaﬁ]iities of the~numbef1of

births for women of a marriage ' cohort wusing . contraceptive

.



methods of varying'effeétiveness depending on parity during
a given ‘period of time. Singh et al. (1975) in a lafer papet

have derxived a probability model of the numbe; of births to
a female during a specified period of ttjears assuming that’
females have the samg concepgion‘rate. Théy “have discussed

the applicafion of the model and, és an illustration; itihas
been fitted to the observed .data coliecned ﬂf ‘the
Demographic Survey . of Varanashi (Rural), India;~1969~70.
They have suggested that the model may be used to assess the
effectiveness of a family planning program in the case where

coupleés want to limit their family size after a certain

number of births. -

Edmonston (1983) has outlined a ° microiﬁglytig
simulation model of human reproduction for Bangladééﬁ. The
mqgel éssumes that the biological factors (fecundaﬁility,
live births, stillbicths, fetal deaths, and sterility) vary
“iéh a woman's age. He has incorborated two key features,
breastfeeding and - early childhood mortality in the model.
This vsimulation model incorporates a Weibull survival
function for‘earlx childhood mortality and a model schedule
o IPOSCpartum'amenorrhpa, developed by Lesthaeée and Paée‘
(1280), which depends on the duration of breastfeeding.

ployihg the Monte Carlo simu.iation model in which age at
arriage isiéllowed to vary, Edmonston (1983) has found that
the mean family size reported in the ‘B;;Bladesh Fertility
Survey, 1975-76 ggrées, in general," with the

non-contracepting simulation model. He has also derived age

-~
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specific marital fertility rates for women marryiné at age
15, 17.5, and 20 from the simulation runs and observed that
the Coale-Trussell (1974) model fertility schedule was
slightl; .highef for wo&én aged 15-35 yeafs~éham}ower'for

older women when compared to the simulation fertility

schedule for women marrying at age 20.
1.4 Organization of the Thesis

The thesis 1is organized into six chapters. Following
this® introductory chapier, gescriptiqn of data employed in
this stuay and characteristic; of the reséondents are
presented ih chapger 2. This chapter also contains a
discussion of the lévels and trends of period and cohort
ferti}ity in Bangladesh obtained through the analysis of
birth history data. In chapter 3, a stochastic model of
human fé:tility is developed from the standpoinf of
socio-biological considerations. Reproductive data for two
recent five-year marriage cohorts of Bangladeshi women are
fitted to the model in chapter 4. Eatterns of fertility for
these cohérts are studiea by the application .of the™model in

;éhapter 5. .In this .chapter,'the modél is also applied to‘
éxamine the differential fertility patterﬁs by rural~urban,‘
,educatiQna}, and religiousl backgrounéswof women. Finally,
chapter 6 summariiesA thefA results, looks» at policy
implications for fertility regulation in the light of the
‘findings obtained in chapter 5, and suggests future ‘lines

for modelling fertility studies.

S
g
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2. DESCRIPTION OF DATA AND CHARACTERISTICS OF RESPONDENTS

S

2.1 Data Source

Data for this study were derived from  the Bangladesh
Fertility Survey (BFS) which was conducted during 1975-76

‘under the auspices of thé'WOrldfFertility Survey (WFS). A

detéilgq description of the methodology of data collection:

including the sample design for the survey can be found in

-Bangladesh (1978). However,it seems pertinent to.discuss

here briefly thé sample-design and the critera for selection

of the respondents for the survey.

The survey was based on a three~stagé samplé design éf
non~-institutional houseﬁolds for both the rural and urban
strata. A sample Qag'dgain‘independently in all "-the threé
stages. In the first stagé, 160 rural and 80 urban primary
sampling units (PSU) wefe selected with prqbabil}ty
proportional‘té'size.-Each PSU consisted of a few contjguous

villages in the rural stratum and a few census blocks in the

urban stratum. From each selected PSU, one village in the

rural areas and one census biock in the wurban areas yefe
selected agaih.with probability propértional to size. These
were'the seconéar; or intermediate samplgngﬁunits.(ISU) and
each consisted of Vapproximateiy 50 quseholds. Coﬁplete

listing of househnlds in each selected ISU was made. The

households (ultimate sampling units) were then selected from

3

1 9 ' ‘ e ) i II“‘»’.

8

each ISU with probability 'iﬁversely ptoportionél to thel-

-
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and 5 and 29 in‘gh urban ISU.

measure of size used in the selection of the respective PSU
and 1SU. Thus the sample was theoretically self-weighting
within each stratum, rural and urban. In order to obtain

national estimates, weighting was necessary. The  number of

‘}seiected housépolds varied between 15 and 45 in a rural ISU

4

o
Theu.tdtal . number' of households selected in the sample
was 6,145 of th@h 4,626 were rural apd .1,519‘ were u:ban.x\
Howevér, only 4,437 houséholdé,were successfully contacteé
in the rural areas and 1,418 in the ‘urban areas: The
non-contact rates were 4.1 per cent in .rural areas and 6.6
per cent; in urban areas. 'Dwelling vacant' ;as ’tﬁe main"
reason forv non~con;act in both rural and urban areas
(Béngladesh, 1978) . Details of residencet marital status,

age, sex, and educational attainment of all members in the

selected*houséholds were recorded on the household schedule

+of the BFS. After the household interview, all ever married

women below 50 years of age who slep£ in the household the

night preceding the interview were selected as eligible
’ ‘ Ry » \
respondents for the individtal interview. The individual

questionnaire was thus administered on a de-facto basis and

3

contained 1] sections in the following order: respondent's

backgtound, ~ marriage history, total pregnancy histqry,

knowledée and use of contraceptives, fertility regulation,

Yy -

work history, current : (last) husbané's. backgrbuna, =

fchildren's“edutation-'and work, assets and expenditures,

~abortion, and. height -and weight. Out of 6,648 eligible

2>
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arespondents identified in the household interv1ew 6 5131

-

ware interviewed in . the 1nd1v1dual interview with ¢ a

non- response rate of 2 0 per cent

Among the 1nterviewed females, 5, 024 were from rural -

areas and 1, 497 {rom urban ‘areas.-However, later in the

process of cleaning the data, 4 respondenfs in ' rural areas

-
i \‘
\

.and 5 respondents‘ in urban areas wete. éxcluded which:

resulted in the sample size as being ‘equal to y6,504.\ An

oversampling in the urban areas was purposely done to obtain -

a reasanably large ’sampie required.'for carrying out a
separate study for urban women. .Sample weights were assigned
wi;h a view to allow for thiS'oversampling. Details of the
calculations of weighting factors can be found‘in Bangladesh
(1978) Weights assigned to the rural and urban samples were

194 and 0. 347 respectively

i

2.2 Description of Data , : ‘ : .

3

o

% s ‘ s ' S A . X
.Information obtained from the pregnancy history sectien

of the individual qhestionnaire.of ‘the BFS was the main

source of data for this study” The pregnancy hisroryn

questionnaire was desxgned to obtain 1nformation as rellably‘

and completely as possible. Some filter type questions were
asked at. the beginning of the pregnancy history section in
»order to introduce the topic and determine the ellglblllty

of the respondents »for‘ this section."De;ails of all

pregnaneies Wexperienced by the selected women were recorded

‘in ‘a chronological order. _The"pregnancyv historyr table
‘.Ag‘ | “ . .



consisted of two parts: a recording of all pregnancies that
cesulted in live births followed by a récording of all
pregnancies terminating in non-live births. A single
integrated history of.all‘pregnancies was obtained probing

for pregnancies not resulting  in lxve births in each

~interval bounded, as appropriate, by marrlage and first lxve‘|

birth, first live birth apd second live birth, and 'so on

until the open interval. This‘ segmental approach was
designed to help the respondents mxnxmx;e memory lapse ' and
misplacement in the location of events of their reproductive
life. The pregnancy history provides informations ' among

\

others, the dates of birth of lxve born children in- calendar

. months and years, dates of ‘termination” of ,pregnancxes in

non-live births and their duratlons. In cases where the

oA

respondents were unable to report the dates of évents in

" calendar. months and years, they were asked 'How many years

ago did the event occur?' A copy of the English version of .

the pregnancy hlstory questxonnaxre has been reprqduced in

Appendlx Table A.

The standard. recode file BD. SRO3 created ninrthe‘
standard WFS format at the WFS Heqdquarters frem  the
individual recodey'fgle 'BD.. INO1 of the BFS was used for
obtaining.the data” for this. study. Some_;inconsistencies
detected < in the ’original Bangladesh recode file were:
corrected in the standard recode f1le. This might slightly
affect compar1son of"the. flndlngs w1th those previously

published. The standard ‘cecode f1le compr1sed of a S1ngle',



a

récofd for each respondent. Dates of various. demographic
events were recorded in the standard recodelfile in the
century month code; that ;s, January 1500 was coded” as 1,
February 1900 as 2, and so on. Dates of these events were
imputed {n the cases Qhére these} were not aviélable in
caiendar months and years. The imputa;ion prccédure assumed
that the years of‘evenﬁs were known fn some. form (célendar

year stated and month not stated, years ago or the estimated

year of event by examining relevant information in the

questionnaire where it was not stated). This procedure of

b

imputation of.dates in the jjntury month form is described

in Bangladesh (1978).

\ As the standard recode file BD. SRO3 does not contain

the dates of termination of pregnancy in non-live births

(stillbirths, spontaneous and induced abortions), a separate.

file was  created incorporating“ these ,dates from the

agdividual Bangladesh recode file BD. INO! into the standard
| B : ‘ , ‘
recode file BD. SR03. This was done by matching the two

files (BD. SR03 and BD. ‘INO1) with respect 'to ' two

identifications (line numbef and‘hou§ehold number ) of the

respondents. The dates of termination of pregnancy in

.

non-live births were transformed into century month fdrmiby
' ' A

“using the imputation procedure outlined ‘in+ Bangladesh

(1978)."' Then all ,pregnanciés (tefminaging in live and

non-live births) were arran&ed in a chronological order . of

occurrence for each respondent. - |

i
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The accuracy of estimates of fertility based op

pregnancy history data depends on whether dates of wvarious

events were correctly reported. Available evidence suggests

that retrospectxve data of WFS type are subject to errors of

various kinds. "The’ high standard set by WFS fog data
collection operetéon are exbected to result in better
quality data than typicall} obtained in the past but thie
expectation in no“way‘ obviates the neéd for ldetailed
aeseSment of the quality of data” (O{Muirchearraigh anﬁ
Marckwardt,01980 2 1), ! '

L.

In a traditional 5ociety like Bangladesh, where a vast
_ ) .

' majority.of the respondents are ilMiterate and are fot
calendar—conscieus,‘,it 'is very difficult to obtain correct
reporting of dates of demograbhic events. Although ineensive
traxnxng was glven to the 1ntervxewers in the use of probes,
" local calendars and hxstorlcal events with a view to obta;n

ARZ

2
.the data as accurately as possible, unfortunately, a great

majority of the respondents were unable to provide the dates

A~

of events in calendar ménths‘and‘years Table 2.1 shgws for

example,'that about 99 and 88 per cent of the respondents

could not report their own dated of birth and dates of birth

of their children. However, the dates stated in terms of

'years only' and ‘'years ago' were 1mputed into calendar

”
months and years using the 'WFS - 1mputat10n program. The

~ imputation 'of ' dates affects the gquality of data "in
situations where the proportien of dates to be imputed is

R

;high ,and ' rises sharply from the recent to the more distant

24



Table 2.1

Percentage Distribution of . Reporting of Dates of Some
Events in the BFS, 1975-76

-

Calendar ‘Calendar
Month + . Year Years -
.and Year Only Ago . Total’
Respondents Date
of Birtht | 1.4 1.4 97.0 99.8
Date of Last o — _
Live Birtht ‘ - 33.0 4.0 63.0 IOOTO
Date of All
Live Birtht . 12.0 3.0

85.0° 100. 0.

tw®S/Tech. 1065 (1979 : 3)
$Chidambaram et al. (1980 : 30)

-
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past (Chﬂ?ambaram e{ al:, 1980).

A re-interview survey was conducted in May 1976 after

' A

the completion of the main field worKk. The sample was

A

designed to over represent the wurban areas. A shortened

\

' version of the original individual questlonnaxre of the BFS

s

(Section 1 thro®gh 4) was used in the re- xntervxew survey .

-

Out of 430 respondents selected for Fe“lnterV1ew, 322 were
successfully re-interviewed. The response rate was much
‘ lower ' than that " for the main survey. The » unedited

re~interview raw data file was matched with the partially

~edited main survey raw data file. The results were ﬁéportéd

in a draft Gocument by Ahmad (cited &n‘O‘Muircheartaigh and

Marckwardt, 1980). Based on .the data from“ the draft‘

document, O Muxrchearfaxgh and Marckwardt (1980) computed

the means and levels Iof o dlScrepancxes for selected

variables.‘ They found; for instance, that the mean current "

age of the respondents was 28.7 years in both thev maxn
survey -and the re- 1nterv;ew survey, whxle about 80 per cent

of the respondents stated their ages dxfferently in the ‘two

A

surveys. It was, however ‘found by them that 40 per centlof'

'respondents stated their ages dxfferently with respect to
fzve year .age groups. Also in the datxng of fxrst b1rths
dxscrepanc1es of two or more years were ﬁound to have
occurred among approxlmately ‘one~-third of the respondents.
o' Mu1rcheartalgh and Marckwardt (1980) noted that the
report1ng of age at marrxage was substantxally more rel1able

than that of current age of the respondents.

\
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2;3‘Some Characteristics of the Respondents
) PR . - -

Iy

12.3,1 Age Distribution
A comparxson of ‘the fxve year age dxstrxbutxon of ehek
respondents of _BFS with.™ those of the ever marrled female
: populatxon aceording :pq the. 1974 and 1981 Bangladesh
.epOpulatlon Cehsuseﬁ \As made in Table 2.2. The reported age
dlstrlbutlon of the BFS respondents up to age group 20-24
both in rural and urban BangladGSh.are relatxvely older as

compared to, those ~of ﬁhe census ,ever married femaleba

! a

’ﬂeQerthelesS' xthe"a%e structures of the survey and cepsus:
ever marrzed females do not show much difference as revealed
by the index of dxssxmxlarlty (see Table 2 2). However, it
is expected that the age reportlng xn the BFS was re}atively

more’ accurate - because an indirect procedure (establishing

~age with reference to historical or local important -events).

was followed by .the well-trained intervgewe:s'to determine

the ages of the respondents who were unable to report’ their

exact:;:;éhsz.\kﬁ C o ’

2.3.2 Proportion Macried Among Females

.
- .

Table 2.3 shows that,in ‘genefal, there has been a

N

gradual change in the proportion of ever married females,
particularly below age 20 durlng the per1od 4974 81. ﬁg

reveal1ng that most marr;ages in Bangladesh take place at an
early age. About 99'per cent of females below age"30.weve

Lot

ever married and the .short span oftime during which most

4

is
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Place of Residence: Baﬁéiédééh

AJ Age Group

— ———— :
. Source 10-14 15~19 20-24 25-29 30-34 35-39 40-44 45-49 Totalt

il

BFS, 19.75?76

Al
)

A\l

Rural™ 4.1 18.5 20.3 7.2 12.0 10.5 9.7 7.7 100.0
Ucban® = 2.9 17.3 22.8 18;3 13.2 9.9 8.9 6.7 100.0
" Togalt ,4.0 18.4 20.5 17.3 1%31 10.4 9.7 7.6 100.0
oy -
%1974 Populatjon Censusf
i ‘ t '
Rural 3.0, 15.2 17.3 18,0 14,6 12.9 11.0 8.0 100.0
‘Urban 1,8° 14.7 '19.7 19.1 14.8 12.4 10,3 7.0 99,8
Tetal 2,9 15.2 17.5 18.1 14.6 12.1 .9 7.9 100.0
<1981 Population CensusS$
Rucal 2.3 16.3 19.2 18,0 14.2 12.2 0.3 7.5 100,0
&% Urban 1.6 14.7 21.6 19.8 14.6 11.4 9.6 6.6 99.9
. Total 2.2 16,1 19.5 18.3 14.2 12.1 10.2 7.4 100.0
TPercentéges do not add up to 100.0 because of mbunding
tWeighted, ' '
] fComputed from Bangladesh Bureau of Statistics -
7 (1977 : 583r86) '
SComputed from Bangladesh Bureau of

(1984 : 192-93)

Statistics

Note: ' ‘ .
Index of Dissimilarity Between Age Distributions
BFS and 1974 Census BFS and 1981 Census
Rural 7.4 5.3
Urban 6.7 5.
Total 6.9 5.3
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Age Group and Place of Residence: Bangladesh

Age'Group

—

Source 10~14 15-19 20-24 25-29 30-34 35-39 40-44 45-49

BFS, 1975-~76%

”

Rural  .102' .721 .966 .992 .998 .996 .,999 .997
Urban .062 .561 . 888 . 966 990 .994 1.000 1.000
Total  .088 .702 .959 .990 -.998 .996  .998 1.000

" 1974 Population Censust

Rural -100 .778 .975 .,.992 .995 .99¢6 .996 .997
Urban .048 .554 .899 .979 .991 .994 ~994  .995
Total 095 755 .968 991 ~.,994 .996 .996 .997

1981'Population Census]

Rural .075 ,713 .960 .989 .991 .996 .994 997
Urban - .,045 .549 .891 .974 .983 .993 .985 1,993
Total .070~ .687 .949 .987 .990 .966 .993  .997

tBFS, Household population g : \
tComputed from Bangladesh Bureau of Statistics

(1977 : 93-94)
{Computed from Bangladesh Bureau of Statistics

(1984 : 62-63)
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were consistently higher in rural areas than in urban areas.
It should be pointed out that the incidence of premarital

conception has been rare in Bangladesh and mosg females

i)

remain in mérried state durxng the reproductlve perxod
About 87 and 82 per cent of women aged 10~49 were currently
married accordxnga to the '1974 Bangledesh population census

and the BFS household population (Shahidullah, 1979).

2.3.3 Age at First Marriage ‘
‘Age at first marcriage and age at consummation of

marrxagel‘ re not. always tne' same -in Bangladesh. "The

B .

inrerval between marrxage and consummat;on depends . on the

'
[}

onset of menarche,’ gaurdxan s monétary Savingsj completion

of education of 'spouses and other family circumstances”

(Bangladesh‘ ‘ 1978 : . 50). Unfortunately, the ‘age‘ at’

!

4

‘were currently marrxed The- reported mean 1nterval between

age at first marr1agerand consummation for‘currently,marrled

-

women (gncludlng women whose current marriage was not thelr

first marrxage) was only 0 ‘4 years. (Bangladesh ;1978). The

rel1ah111ty ‘of -this estxmate may be dxsputed because of .

.

mxs“statement of age at marriage and memory lapse

A\ -
. \': : ' : .

5 \ - ! T - P ) '- " -
The * medan , age at marriage for selected five-year first
marriage cohorts by place -0f residence -is presented in Table

. o . .- . . . L . »

-1

"

1

consummatxon of marrxage was avaxlable only for those who .

. 2.4.. Although mean age at first marriage in generai;~shows‘;



Mean Age at First Marriage by.Selected First Marriage
. Cohort and Place of Residence:

Bangladesh
First Marriage .
Cohort Rural Urban Totalt
1951~55 11.8 (593) 12.3 (143) 11.8 (758)
o e ‘
195660 11.6 (659) 127 (218)1 11.7 (862)
1961~65 12.0 (893) 13,1 <§?§T- 12.1 (1153)
1966~70 12.9 (833) 4.0 (281) 13.0 (1092)
197 1~75 14.0 (880)

15.3 (295) 14.1 (1153)

&

Source: Computed from the BFS, 1975-~76
tWeighted

Note: Figures in parantheses refer to number of fxpﬁt
++ married females.
\ ’

l_ﬁ
"
\ f
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natibhal estimate of the mean age at first marriage rose
consistently from 11.7 years for those married for the firét
time in 1956-60 to 14.1.years for those first married during
1970~75. Table 2.3 shows that there is a marked rural-urban
differential in the mean age at first marriage. Relatively
higher mean ages at first marriage for urb%n womeh may partly
be attributéd to the .higher proportion of educated.urban

"women as compared to their rural counterparts (see

Bangladesh,'%578).
2.3.4 Use of Contraception .

The Qse‘ éf contraéeption among cbuples i§ very low in
Banéladesh. Accbrding to the BFS, only 14 per cent df ever
married females reported to ﬁave ever used any methods of
éontraceptioﬁ and 10 per cent had ever wused any efficient
method' .While 9.6 per cent of all 'expdséd' Qomen reportéd
to be using any conicraceptive m;thods at the tiﬁe of suéQey
(Bangladesh, 1978). 3irageldin et al. (1975) found from the
pata collected By the National Impact Survey, 1968-§9 that
only 6.4 per céné of tﬁe married couples had ever used any
' contraceptive‘meéhods. Although the ﬁindings of the two
Qnationally representative surveys were qét totally
~ comparable becausé of the differences in methodology and

quality, it appears that’ the use of contraception has

-—— v o = e - - -

'The method defined as efficient were: plll interuterine
‘device (IUD), condom, sterllzatlon, and use of foam tablets,
jelly and cream. - : ' e



. of the N;tiOnal Famil¥ P1anning Program by the Governmént in

T1965 with.a marked rural focus, this incfeasé\in the use of
conqraception is not quite encodraginéf

Both the ev?f use’ and the’curfént use of contracéption

by first marrgége“cohorts as ‘shown 'in Tableé 2.5 reveal an

'intéresping pattern. The older the first marriage cohort at

\

the time of survey, the higher the 'ever use of
contraceptipn.  About . 18  pgr'cent of gil women who married
for the first time during 1951-55 had ever used
coptraception. while only 7.5 per cent of all women first
married in the period 1971-75 reported to have ever used any
contraceptive methéds; It is interéstiné to note that the

) ever use of conﬁraception among tbé Bangladeshi women in
each first ‘marriage cohort was about two-fold the current-
use of Eontraception. The proportions of both the ever users
and current hserﬁ of contracepfi;e methods were much lower
KémOng women first mafried 'dufing .?971—75 as compared to
those first ‘married during 1966-70. ‘There‘ eﬁfsts a
pronounéed rﬁral*urban differential in Sofh ever use and
cpEréht use of'coQ;:aception as can be seen from Table 2.5.
ﬁelatively higher-pfoportions of ever users and ‘cuxrent
Qsers of contracegtive methods among urban women in eachﬁ

first marriage cohorts may to some: extent be attributed to

the concentration of more educated couples in urban areas.'

i , . 1
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: . n
Percentaqe of Respondents by Use of Contraceptlon, Place of
Residence and Selected F1rst Marrzage Cohorts- Bangladesh

Use of Cbntréception
Ever User, Current User '

First Marriage — - — ' :

Cohort Rural Urban Totalt Rural Urban Totalt
1951-55  © 16.7°  34.3 . 17.8 8.3 23.1 9.2
Wy ' .
| e

1956-60 © o 14.9  34.9 16.6 7.4 17.9. ° 8.4

, A

1961-65 14.8  30.9  16.0 ' 7.4 \\;0,5 8.4

1966-70 1.3 27.0  12.7 5.0 16.4 . 6.0

1971-75 5.9 23.4 .5 3.3, 10.2 3.9

Source: Computed from the BFS, 1975-76
tWeighted .



2.4 Fertility Levels and‘Tren%s
LY

_ Fertility 1q Bangladesh is hlgh even by the standards
of developing nations. \Varlous natlanally represéntatxve

r

estlmates of summary measures of fert111ty from different:
sources (Table 2. 6) 1nd1cate that there has been dno merked
change in fertxlxty durlng ‘;he perlod 1901-76 Theee_
eetxmates, though é strxcply »comparable rbecause of
different ;methods of -datel 4colie¢;iod“ and different
techqiques of esiimati?n, epow:tgpt fertility 'in Bengladesh
has been cOnéidebabl& higg. The estimated crude birth rate
remained at a level of around 50 live birthg per thousand'
populatlonr durxng th perxo% 1901-61 .(Table‘2.6), Simce
“1961, whether ‘thepe was a longwuterm- fertility declfhef
remains: . sdﬁewhat’ eontroversial;- - "Most IretrOsbeetive‘
fertility surveys decument a deéline butwumetdodological
‘ constralnts preclude fxrm conclusxons (Chen et al., 197%\

104) The Chandrasekar-~ Demxng estimates of crude bxrth ‘rate
and total fertlllty rate were probably hrgh (Ahmed, 1970),
wh1le those based on birth. hxstory data‘<from the National
Impact Survey, yere lgw, which mxghe possibly be attriduted
~mainly to the unde};repor;ing of.births (Sirageldin et al;,J

”

1975).\
A decline in' fertility has been documented .in the

» J - .
first-half of the 1970s from the vital registration data

collected by the fdrmer Cholera’ Researc¢h Laboratory in

. » o * . . .
.0 ' . ' R
) ) ' ) ) : u



Table 2.6

Summary Measures of-Fertility for Bangladesh, 1901-76

o ‘ Crude Birth Total Fertility
Period . Rate ('000) Rate
1901-11% . - '53.8 . -
1911-21% | 52.9 L -
1921-31% .'50.4 . R
1931-41% Sos2u7 -
1941-51% - . 49.4 » ok
1951-6 1% ! 51.3 -~ .

, 1962-65% 50.0 ' -

- 1962-651 . 53.0 : ‘ 7.4
1962-654 | . 43.0 6.3
41966-68S R 42.0" - 6.0
1974= 48.3 N
1974 %% ' 47.4 : 6.6
1974-764 o 43.0 T P ]

tKhan (1973 : 179). Rates for the decades 1901-11 through
1951-61 were obtained from the adjusted census age data
and the adjusted intercensal growth-.rates: Rate for the
period 1962-65 was derived from the Populatxon Growth
Estimation (PGE).Experiment, 1962-65.

tFarooqui et al. (1971 : 91-93). Chandrasekar-Deming |
estimate from PGE, 1962-65. TFR refers to the period
1963-65. L v '

{iFarooqui gt al. (1971 : 91-93). Longitudinal registration
estimate from PGE, 1962-65. TFR refers to the period
1963-65.

S$Sirageldin et al. (1975 : 209). Derlved from the Natxonal
Impact Survey (NIS), 1968-69. C

*Census Commission (1977 : 76). Derived from the Bangladesh
Retrospective Survey of Fertility and Mortalxty (BRSFM),
1974,

*xRabbani et al. (1979 : 27). Derived from the 1974
.Bangladesh Population Census.

#Haneriberg (1980 : 15). Der:ved from the BFS, 1975-76.

R . ‘
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_Matlab Thana,‘ though not fully © representative of
,'Bangladesh. A " modest decline in crude birth 'rate was
observed 1n 1971- 72 one year fellowing’ the 197l‘ war of
| llberatxon and the birth rate fell again in 1974-75
‘ beglnnlng the yearwot the 1974 famine (Curlin et al., 1976}
- Chen and Chowdbury, 19775 Chowdhury and’ Curlxn, 1979 and
‘ Chen et al., 1979). A dip in fertxllty xn the period 1973~ 76‘

 has also been found by Hanenberg (1980) using the BFS data.
! [ ‘ . . . ) Q™M

In this section, we shall be concerned' with stodyind
the levels and trends xn‘aertllzty using thg birth hxstoryl
data collected in the BFS. Informations obtalned from the
" bxrth history. data can be'cr0557tabolated‘acc0rding to (1l'
all,birtns by age (or age group) of womeﬂ/and’perxod (number{
of years) prior to. the date of interview (or calendar year o
‘of occurrence of bxrth), and (2) all bxrths by duratxon
'51nce‘ f1rst marriage of women and perlod prior.to the date
of 1nterv1ew (or calendar year of occurrence: of bxrths) The
women“in the same agengroup and those 1n‘the same duration‘
group since first marriage are‘referredvto as'aoe*cohort éﬁd
Aduration-cohort, reépectinely In order to make full use of
the most recent data collected 1n blrth hxstorxes, cohorts
are defined ;in ‘the present analysis in terms of age;or
marital dUration“of women before the - date of interview
;q;ger;;;te;-o;—;;tal reglstratxon has been carr1ed out
since 1966/,by the International Centre for Diarrhoeal
Disease Research (former Cholera Research Laboratory) in
Matlab Thana of Comilla District, a rural area 40 miles.

south of Dhaka, coverxng 233 v111ages w1th a populat1on of
about 221,000.



-

rather than women born during the same calendar yeér. Thus,
, oo , .

'
W

births are allocated to different time periods prior to the
date of interview rather than calendar year of occurrence of

births. With a view to minimize the effects of sampling

{

" errdrs and age mis-statement, the analysis is based on five

yeib age and duration cohorts, and periods of five years
e ‘ ,
preceding the date of interview.

t

A

Coﬂort~period specific -fertility rates rather "than the
conventiéﬁél"age%s?eciﬁic feftility“‘ rates’ have  been
recommended by several ‘demographers when informations are
obtained from re:rospedtive‘~fertility surveys (see, for
example, Brass,‘1979;fVe§ma,ﬁ1980; Rydéf, 1980; Goldman and
Hobcraft,ﬂv19825. Although the convenﬁional age-~specific
fertﬁlity‘rates a}é more appropriate when the data séurce‘is
a densus or a vital registration system, these rates
caléulated. from birth history data are disadvantagéous
becéﬁsé of the bias that creeps invwhenlallocating fractions
of persdn;years ‘of‘ exposure of d@fferént age groups to
different time beniods (see 'Goldman ‘ahd Hobcraft, i982).
Thqs‘ coh6ff~period.specific fertilitygkaﬁes are employed to

study the levels and trends in fertility for Bangladesh.

2=,
"
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2.4.1 Cohort—Périod-Fertility Rates

Cohéét-period specific fertility rates are obtaihed by,
dividing the number of births born to a given' cohort (age
cohort‘ or - marriage duration cohort) of women in diffeant
periods prior to the date of intérview by the npumber ' of

‘ \ . ' 3
women in. that cohort. In order, to obtain the rates on a per

anpum basis, fértility rates derived above should be diVidea'
| by the average ’hﬁmber of years of exposure to risk by the
| relevant cohort, ‘which is five years for all age éohofts or
marriage duration cohorts exéept‘for those in the age group
10-14 and marrlage duration group 0-4 correspondxng to 0-4
years precedxng the date of interview for which the exposure
is approxiﬁaﬁely 2.5 year§.~1t should be ’hoted that eaéh‘
.fertility rate for ever married women should be ﬁultiplied
by the proportion of wsmen‘evep ma:riéd for the appropriate
cohort iﬁ the case of age cohort~period fertility rates.
Cohort~pe§iod, fértiliq? rates by duration ,s%ﬁce figst
marriage afe ‘restricted to‘ever harried women. Detéils~of'
\the computatxon of cohort perxod specific: fertxlty rates can\

be found' in Verma' (1980), Rydqr (1980), and Goldman and

Hobcraft (1982).
B

Tébie(.257 ‘shbws ‘the cohor£~period fertiiiti‘rates by .
age for rural, urban, and- total Bangladesh; thes‘ for 5
given period *preceding the date §f_survey éan‘be‘oﬁfained.
from a column;ﬁrgtes for a- given cohort ,aiong‘ an upward
diagonai, fnq‘Trétés at equivalgpt,age groﬁbsifOr diffe;enp

R

\



Table 2.7
Cohort-Period Fertility Rates by Age and Place
of Residence: Bangladesh

Age Group :
of Cohort No. of Years Prior to Survey

at End of Women in
Period Cohort . 0-4 5-9 10-14 15-19 20-24 25"29‘30*34 35-39

! ‘ ‘ Rural
10-14 208 .004 .008 .012 .009 .015 .011 .01 .014
15-19 929 112 1770 0187 L1790 L1167 .1B1 0 135
2024 1020 .274 .368 348 ,300 .296 .263
25-29 ‘863 .281 7 355 346 .310 .279
' 30-34 600 .236 .337 305 ..254
35-39 526 .178 .239 .224—
40-44 489 .107  .146 :
45-49 385 ‘ .037.
_TFR ‘ _ 6.13h 8.33% 8.02%
‘ K : : Urban '
10-14 43 .003 .010 .010 .011 .017 .019 .015 . .004
15-19 ‘ 257 101 .137 .168 .156 .181 .162 .110
- 20-24 338 .266 .319 .355 .284 ,286 .252 '
25-29 271 ™ .280 .322 .360 .282 .332 .
30-34 196 .224 341 .286 .292
35-39 147 ©.158 L2111 - .242 '
‘40-44 132 .088 . .120 .
45-49 1060 | .040 : ,
TFR 5. 79T 7.50% 7. 90*

S L Total (Weighted)

10-14 264 .003 .008 .012 .010 .015 '.011 .012 .013
15~19 1198 , .110 .174 .185 .177 .168 .182 ,134. '
20-24 1335~ .274 .364 .349 .299 .295 .263

25-29 1124 - .281 .352 -.347 .307 '.284 .

30-3¢ 785 .234 .337 .304 .257 "

35-39 679 177 .237 .226 ‘
1 40-44 - 630 .106 .145

45-49 494 ©.037 !

TFR © 6.101 8.27% 8.02%

A
Source: Computed from the BFS, 1975-76
+TFR is calculated in the usual manner except that ASFR fo

age group 10-14 is multiplied by 2.5
$TFR has been calculated on the assumption that the m1§§1ng
rates are the same as the correspondlng rates for the ‘ost

.recent perxod.




cohorts across a row of the Table 2.7.
0

An examination of the r;tes"in all the panels‘of Table
2.7 reveals that fertility in Bangladesh has declined
dramatically for all age groups (age at the end of period)
in the period 0-4 years prec;ding the date of thé survey.
Although trun%ation does not allow for the reconstruction of
fertility rates for thé older women except for the most
recent period, total fertility raﬁe (TFR); calculated by
asstiﬂglithatl the missing rate was the same as the

g

‘correspondxng rate for more recent petiodA has decliped by

about 26 per cent in Bangladesh from a level of 8.3 in  the

period 5-9 years before the date of the survey to the level

of 6.1 in tﬁe peridd 0-4 yeaps’prior to the date of the
survéy. An almost simiiar decline in TFR was also found in
rural areas.while the correspohdiné declinelin u;bah"aréas
was about 23.pef'cent. !

Whether this markéa'decline_in"fertility in ‘thgwu0~4
years before the date of survey is genuine or an artifact of
data quality caugeavby sysﬁemat;c misplacement of dateS‘VQf
,birth ihté the past and age mis~staﬁement.of ﬁomen‘is-a
difficqlg‘qﬁestion which canndt be resolved ~cohclusively.

Hoﬁever, ‘the social disfuptibné caused by the war of

.‘llberatlon in 1971 and the w1despread famxne in 1974 mightJ 

,have contrlbuted 59 a feptllzty decllne ir Bangladesh during

the five- year perlod 1mmedlately preceding the date .of the

survey.

41



~— i NI T e m A A e ar gy o e .

v wa A AuuA\-‘g‘, (SR LONTY
b

voluntary’ or involuntary abstinence, frequency Sf coitus
(see Davis and Blake, ' 1956) which in turn affected the
reproductive performance of couples. During the peMod of

social disruption, the  number of- persons entering

-

reproducque life might have reduced because of the
ey . :
temporary’ postponement of marriages. A large exodus of about

o
16 per cent of the population ‘(Curlin et al., 1976) tg
neighbouring India as refugeee might have contributed to the
reduction in conception either by voluntary or involuntary'
isepératién of spouses. ~Due to psychological stress or the
desire to pestpone pregnancy, coital frequency might have

been reduced.

Aga;n the acute food shortage assocxated with the 1974

‘famxne in Bangladesh resultlng fom the severe monsoon

flboding (which caused almost ﬁotal ‘crop fa;lure of the

8

‘major annual rice harvest) might probably have decrease&\the
. ~

nutrltxonal status of a vast majority of women. Maternal

malnutrxtxon has resulted in the redOctxon in fecundlty and

lengthenxng of the perxod of temporary Jnfertllxty, and the

conceptxon rate among exposed women might have reduced Also
fetal wastage might have 'increased, and among menstruatxng

women, there might have been an’ inc:eased ‘number of
~ ;

anoviulatory cycles.

2



1974 famine from the reasonably complete vital registration
data in Matlab Thana (Curlin et al., 1976; Chen and
Chowdhury, 1977; Chowdhury and Sheikh, 1980)./Although_ this
finding was limited to a relatively small are; and might not
be repcesen;ativé of gl; Bangladesn, it might be taken to
support the evidence of the pronounced decline in fertility
in Bangladesh during the fjirst half ' of the 1970s
corresponding to ﬂhe period 0-4 years before the date of the
BFS., However, the magnitude of this fertility decl;ne may

not probably be attributed to the social disruptions alone,

First, event misplacement in~ the form of pushing
earlier births.forward and recent births backward. over time
affects the fergility rates derivea from birth histories. It
has been observed that the dating of live births in birth
histories are distorted in #ystematic_vays and a common form
of such distortions appears to be pushing back recent births
into the past, contributing to a deficit in the number of
births in the recent‘years and én excess of births in the
period 5 to 14 years prior to the date of survey (see, for
example, Potter, 1977; Cain et al., 1979; Brass and Rashad,
1980). If such misplacement of live births should ﬁpccur in
the BFS, the fertility rate in the most recent éé;iod (0-4
years before the surv;y)'would be understated andﬁ the rafe

corresponding to the period 5 to 14 years before the survey

would be inflated. A declipe in period fertility in the 0-4



survey ‘indicate the existence of event misplacement, errors.
Howngr, a ris}ng age .at first marriage, particularly in
recent Qéars (see Table 2.4) might. also gonfribute to a
slight reduction Zin;period fertiliﬁy in 0-4 yearslprio£ to

the date of the survey.

The seéond problem concerns ﬁith‘the reporting‘of dates
of bibéh in the BFS. Dates we;elsuppased‘té bé reported in
téfms of ‘'years. ago‘~'§.e., the cdmpleted number of years
prior to the déte of éurvey, if the “respondents could not
report .thd dates in.calepdar months and yéarSi Ahmad (1980)
suggests"that year ago might have been roﬁnded t§ the
nearest year  rather than report%ng in terms of completed
years. In the BFS, of all births reported to have occurred
during the period 1971-~75, 'dates wére reported<£6r 2,239
children aﬁd'years ago:were reported for 3,676 lchildren.
While ﬁexamining the ferti}ity rates derived from the BFS,
Committee on Population and Demography (1981 : 45) -observes

”

that

A

"If it is assumed that the recording was in the form

of completed years, -the fertility rates for the

years before the survey show’'a very rapid decline

P

taking place, the birth'rate declining from around
53 per thousand 5 to 9 years before the survey to

around 38 ’per‘ythousand 0 to 4 years before the

survey. I1f, on the other hand, it 1is assumed that



- were recorded as\having occurred zero years before

the survey - the birth rate falls less drastically,

3 from 54 per thousand 5 to 9 years before fhe survey

to 46 per' thousand to 4 years befare the survey

Brass and Rashed (1980)l~have apbiied' ;hé P/F rat&o
method and the Gompertz Tt létional' meael‘With a viee to
detect errors and to adjust the fertxlxty rates derived by
usxng the bx§¢h ~history data\from the BFS, They have also
found that the fertility rates‘ﬂer Banglaaesh were affected
by a subseancial amount - of \varioes. reporting “errors.
Applying the P/F ratio method and Gompertz relatjonal model}
Bpass ~and Rashad (1980} found the adjusted totalvfertility
rates for Bangladesh fof the period 1971-75 to be 7.5 and
7.4 respectively. Again, Brass (1981) applying thelGompertz
relational model to the same set of“data with a slightlf
modified fitting proCeddre adjusted the total fertility
rates for Bangladesh for the periods 1961-65, 1966~70, ‘and
]951~” to be 7.4, 7.3, and 6.8 respectively. ﬁowever,‘he
has observed from the f;tted model that the births in the
perlod 5—14 years prior to the survey were over- reported and
those in the past five years were modestly underereported.
He has also noted that'the.fertility decline in the period
.0-4 years preceding the date of survey 'has occurred among
young’ eomen,: possibly as a ,reEqu of a rising age at

marriage and the decline might have been temporary because



lthough it is difficult. to. detect the effects of

variou§ response errors on fertility estimates_  by. internal

consistency checks, because birth history data are edited

) . ¥
for internal consistency, an alternative way to 1look for

internal consistency is to compare the estimates of
fertility\obtained from the BFS with Qtyose avdilable from
other sources, A comparison of the available npational

§

estimates of TFRs from various .sources (see Tablev‘2.6),

which are hemselves found to be indonsistent for reasons
indicated ear ier, with those obtained from‘the‘BFé prdvides.
no indication\ whatever of the ve:y‘Pigh levels of fettility
estimated from \the BFS in the period 5-14 years before the
~survey or of th sharcp decline in the périod 0-4 years prior
to the survey." |

Table 2.7 shows that fertility rates at equivalent ages

)

for various age grdups (age at end of period) at different

»

periods before the survey follow an irregular patterq.
Except for the‘women aged fb~14 and the - period 0-4 yearél
prior’ to the sufve , fertility rates for different periods
béyond th; 15 yeérs‘ ‘receding tﬁé survey were Qenefally

n rural areas. As there has been no

[——

lower,  g9rticuiér1y‘
evidencegéf ;ovér'fe:tﬁ ity beyond the 15 years prior to the
suryey,  this conﬁradicfory situation strongly suggésts that
some births in the Telét1bely distant past were omittgd,:

probably  in addition 8o errors in dating of ' births.



children who have died or moved away from home, infants,
females and illegitimate children are more likely to be
omitted than others from birth histories. Omission of births
is directly related to the time elapsed since the birph of
child (Brass, 1979; Potter, 1975). This may be due to memory
-lapse associated with a iarger number of Sirths,,Longer

inte;vais, and absence }ofr‘childrén through death or

migration. This is probably the reason why%irth history

‘analysts very often study fertility trends in. the 10 or 15

years prior to the survey.
. <

The natioqal egtimates of c%mulative. fertility rates
(from. Table 2.7) were 7.13 and 6.79 fof cohorts aged 40-44
~and 45f49 years at intefvied’ respeétively. Although
cumulative feftility for both‘the cohorﬁs compares bell Qiéh
the‘mean parities 7.10 and 6.73 reported by the women aged
40-44 and 45-49 years respectivelf, the cumulative fertilitj
rate fér‘the oldest cohocrt as compéfed to that for ,thé
cohort aged 40-44 at interview séems‘tb'be éﬁ under~estima€g
an ﬁhe actual fertiiity " situation. Relatively =~ lower
'cumuiative fertility feported‘by the women belonging'to‘the
oldest cohort might be"att;i}utedlto the following : (i) the
women in thiéZ«cohort miéht have faiied to report some of’
théir‘childreq due to memory lapse; (ii) this cohort ‘might
haQe experﬁenced' a lower fértility; (iii), there might have
Seed age ﬁisreporting among Lthe older coh§rfs; .and' (iv)

there might "have been selec;ive'sutvival of wdmgn“in this



cumulative fertility thes 6.67 and 6.96 for the cohorts
aged 40-44 and 45-49 'years ;espectively-in.urban areas;
however; giQe né ‘inaicétion‘ of . 'such under-reporting of
ferti;ity~by the oldest urban‘cohorﬁ.

Table 2.8 presénté cohort-period 'fertility rates for
marriage Icohorts ~defined by‘duration of marriage at end of
‘period. Since the upper age limit af the réspondents ‘has
been 49 years, women at longer durations were necessafily
married at young ages. Thus the -rates for the longer
&uration céhorts (35-39, 30-34, and to a lesser extent
25-29) are affected | by truncation bias and must be
interpreted with caution{ Moreover,"the raﬁes fcr the longer
duratidn qohorts in the distant pefiods (whea théy were ‘at

‘ea:lvadufationé‘»0—4. or 5-9) might often be low due to

teenage‘subfecundity.

- Exqept for ‘qrbah women at duratibn 0~-4, the’dufétion
specif{c mariﬁaA fertility rates in éii the pénels of Table
2.8 show -a aecﬁine, in‘;phé pgfiod 0-4 years pridr to‘the
sufvgf which is.consistent with the ~earlier finding. The
raﬁes for all‘,ﬁhe‘.ﬁérriage dUratién cohorts, }n general,
seem to have been eXaggeratgd“in ‘the period. 5-14 'yéars
before the date ofltﬂé sufvey.‘An examination of the changes
iﬁ mafitgl‘fertility ra#es at equivalent marriage duration
groups fqr different“periods before the-survéyva;so reveals

~a misleading pitture (i.e.; generally lower marital

Vs
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tonort-reriod Fertility Rates by Duration of Marriage
and Place of Residence: Bangladesha

Marriage

Duration

Group ‘

. of Cohort No. of Years Prior to Survey
at End of Women in ‘ : - ‘ : ‘
Period Cohort 0-4 5-9 10-14 15-19+20-24 25-29 30-34 35-39

Rural
0~ 4 896 .187 .201 .166 .131 .123, .120 ,088 .036
5~ 9 - 830 .275 .323  .294 .254 .254 .214 .152
10-14.. 905 .289 .365 .341 .309 .301 .253
15-19 654 .272 .348 .347 .296 .260 . S
20-24 594 L2110 ,294  .271 .232 '
25~29 471 139 . .211  .205
30-34 434 083 .141 -
35-39 200, .024 ’
Urban
0~ 4 298 .278 .259 .231 .186 .207 .138 .136 011
.5~ 9 284 .323  .325 .347 .264 .259 .270_ .142
10-14 248 .281 .367 ..352 .287 .336, .247
15-19 222 .269 .299 .309 .305 .263 '

. 20-24 141 .174 .258 .254 .237 : P
25-29 145 .. 128 161 226 o ot
30-34 o103 . .047 121 . :
35-39 ' 38 .032 ' -

_Total (Weighted)

0- 4. . 1173 .195 +.206 -.170 .136 128 .121 .092 .035

5-'9 1090 .279 .323 .299°.255 ..254 .218 - ,152
10-14 " 1167 . .2B8 .365 .342 .307 .304 .252 -
15-19 858 . .._.271 .345 .344 .294 .260 .

20-24 - 758 2209 .291 .270 .233 o
25-29 - 613 .138 .208 .206
30-3¢ 554 . 081 .140 |

35-39 252 .025

" Source: Computed from the BFS, 1975;16‘

1 " . , "‘-' B



fertility tor. all duration groups peyona tne perioa v~ 4
years pn1or tq\the 'survey) which indicates that the rates

were affected by a substantzal amount of truncation bias and

\géhxs -dating of events. The apparent lower fertility rates for
ﬁhe longer duratlon cohorts in the earlier per1ods reflect
teenage: subfecundxty and also the rates seem to have been

o affecteq ‘ by‘ truncation bias comblned ~with  event

,m;sreporting.

To sommeriie; a substantial fertiiity decline in
Bangladesh is found foeheve occurred during the period 0-4
‘years preceding' the date of the survey. This'deoline might
probably be assocxated with the soclal dlsruptlons cqmsed by
‘the 1971 war of lxberatxon and the 1974 w;despread famine.
iObserved fertlllty rates beyond 15ﬂ%ears prior to the survey
was fOLnd to be considerably affected by response errors,

particularly the misplacement and ommission of events. f |
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3. STOCHASTIC _MODEL OF HUMAN FERTILITY "

- . r

3.1 Socio-Biological Factors and Assumptions Regardxng them

in the Construction of the Model

Human fertility is a. cemplex phegomenon influenced
mostly by biological and spciological factors.lHowerr, some
of the piblogieél factors influencing fertility are socially
~ determined. In other wordsr- the social determinants of
fertility ~éét through some biological factors. ‘For example
the reproductlve span, demarcated biologically by menarche
andumenopause may be shortened by postponement of marriage,
by widowhood, divorce or separation, ‘and by voluntary -
_seerilization. Fertilization Jof‘ ova may befprevented by
using veridus coﬁtraceptive, .methods. Respmption “6f
cohabitation following™ tpe .termination of bregﬁahéy is
dependent on social customs and taboos. The pnseE'vdf
ovulation following a 1live birth may be suppressed by the
nr‘preCtice of lactation which is cplturally determined (Pool,

.1970); and the.effects of such supbression may be augmented

by taboos on cohabitation during the periéd of lactation.

One = of the most erticulate"categorizations of
'social-structural factors the;iaffecédfer;ility} Qhatever be
the society under consideration, has been proyided'by Davis
and Blake (1956). These 'intermediate variables" are qrouped
.under three main headlngs. (1) factors affect1ng exposure to.
1ntercourse - . the .;ntereourse var1ables’,v (2) factors
affecting : exposure  to conception - _the "cpncebtipn 

3



variables', and (3) factors affecting exposure to gestation

and parturition -~ the ‘'gestation variables'. Often it is
t +

possible'fo find social-structural factors corresponding to

many of the biological factors influencing fertility.

Stochastic models of feptiliﬁy ¥hich  have  been

constructed so far are mainly based on biological factors

., and differ widely \with respect to their  underlying

~assumptions. Consequently, ‘the ' expressions derived for

various fertility chara tefistiés differ from one model to
"another depending on 'fheir underlying assumptions. The
present modei'is based dn socio~biologigal factors'land the
followingQ,are the‘;ocio~biologi§$l‘faétors and assumptioné
regarding them in the construction of the present model of

human fertility.

'. A woman starts her reproductive span ?n a
'"noﬁpregnantu fegundablé ‘stage ,following 'her entry inéo
sexual union‘ﬁ}esﬁmébly‘after'ma:riage. This ‘assumption is
based oﬁ. thelfacf that in most of the develgpihg countries
mgrriagej or some form of it is néérly universal.' To
illusp;ate: oply"0}3‘and 1.2 per cent oﬁ‘Bangladeshi womép
and men respectively aged 45-49 years wéfe:réportéd to have
never. married according to the=1981 Bangladesh population

census (Bangladesh Bureau of Statistics, 1984).

:2; For 'a"marri?d woman; the probability that an ovum

~

becomes fertilized .and ihplanted‘dufing any menstrual cycle

is 'dependent on the interplay: of many factors, such as



occurrence of ovulation during that menstrual cycle, the |

frequency and timing of coitus as related to ovulation, thé

practice of”éohtraception; characteristics of the semen, and
" .

thg age and health .status of the‘.woman and her spouse

(Haréman, 1962). Thus,'conégppion may be treated as a chance

event, and the Qaiting time for a conception 1is a .random:

variable.

3. Bach conception‘tefmiﬁAteé eventuélly either as a
live birth or a fetal loss. A fetal 16ss is defined as any
termination of pregnancy‘onhér than a Iiv; pirth, so that’ it
includes 1induced ‘6rw spontaneous abSrt{on, and s;illﬁirthl
The probability that the outcome of any conception will be a

1 .
live birth or alfe:al loss may depend on maternal age and
‘health, rank order of the pregnancy, length of time from the
termingfion' of © previous pregnancy to that conception
(Nesbitt, 1957). The probability,éf'a fetal loss will alsg
be influenced by individﬂg} genetic or other characteristics
of'women (Jaﬁgs, 1961). If prégnancy occurs, there are
numeriéal. §robapilitiés ‘assoéiated with the termination of
pregnancy in a live birth or a fetal loss.

4. After a conception, there is a'period‘duriné which a
woman'.is not susieptible to another conception. This. pefiod'
consféfs of the ld;réfion of pregnancy (gestafion)’and the .:
interval after the termination §f pregnancy until the
re%umbtién of ovulétioh ’kpoétpartUm‘amenorrhea period) or
cohabitéiion; wﬁichéver;cbﬁeS‘later. The durations. of both

&



the pregnancy and the postpartum nonsusceptibility are
'relat;d to the outcome of pregnénCy, the mean duration being
1onger in the case of a live birth than a fetal loss. The
gestatxon per1od for a live birth is a random variable and
hence - hés a probabll;ty distribution. Similarly, the
gestation period for a fetal loss is also a fandqm variable
"and the probabilitf distribution associated with iﬁ is
generally different from that for a live vbirth. The
postpartum amenorrhea péfiod following a live birth is a
‘random variable with' a distfibution function which may be

influenced not only by the gestatlon period for ;he livi//{

‘ ‘,bxrth,‘ but also on the survival status of the chlld and on

the‘breast*feeding practice of ,the mother, if the child
survives. Similarly, the amenorrhea period for a fetal loss
. is a random variable, the distribution function of which

depends on the gestation period of the fetal loss.

5. A woman runs<thé%risk of death at any ;tage' of héf
‘reproductive span.- Ih ‘mosc of the deve1opin§ countries,
where modern medical ca%é;is‘dut of reach of a bast'majoritj

afL_population, death'rétes for females in the chil@béaring
aéés afg usUaliy Mhigherl #han those of their male
cohntérparts. For.example, in Bangladesh,mortélity rates for
males ahd females in. the age span ' 15-44 years during the
bériod “1562;65 wvere 4 ‘and 8 per thousand pépulainn

?espéctiVely‘estimatéd (Chandrasekaf-Deming: éstimat;) fiom 
thé[Pppd;qtion Growth Est{matidn (PGE)VExpérﬁﬁent (Committee

on Population and ‘Demography, 1981). However,' ih ‘the -



developed countries, mortalitj at childbirth has been so

K

greatly reduced by antisepsis and obstetrical skills that -

even in the childbearing ages females have lower death rates

than males (Wrong, 1977). : ” : . kj/ﬁ

6. The rresumption of ovulation following the
termination‘ of pregnancy may be delayed for some time, The
rank order of pregnancy, maternal age, outcome of pregnancy,
social customs, and psycholpgxcal factors may xntluence this
dél;; (Henry, 1961c). Ovulation may be irregular whep it is

flrst 'resumed and the level of fecundability may be lower

than the prepregnancy level, Subsequently, fecupdability may

increase to attain its previous level or some new level
‘ .

(Perrin‘and Sheps, 1964). The repEOductive‘ process starts
i | . . \ " )
apew after the . resumption of .avulation and the above

socxo biological consxderat;ons and.assumptlons w;ll apply.
However, as the bxologxcal factors depend on the age,

parity,‘and other characteristics of women, the present

model w;ll allow for the varlatxons in these characteristics
0

to 'sdme extent by 5u1tably groupmng the women on the basxs_

of. thafe characterxstlcs and assumxng the female population
in  each group is . hOmogeneous with'  respect = to the

characteristics under coﬁside:ation.



'

The'réproductive pattern of a married woman may bes

- considered as consisting of passages through one or more
\ ‘

4 mutually exclusive states as depicted in Figure 1. It should

remembered that some females suffer from primary

‘ﬁe |
_ sterility; they are never able to reproduce. Since Ehey are
-Assumea to farm a very small proportion of female population
in any society, the pre3$nt mogel} is concerned with the
marcied, fecund women‘QEiy.'A;ain the@married, non-~steri le
womén‘may be,clasgified‘info three groups according to their
use of contraception. These groups may be formed'as follows:
(1) those who use efficient contraceptive methods (e.qg.,
oral Pill, copdom, IUD, injectibles, scerilizgﬁion) though
the methods vary in efficiency, (2) those who use any other
method§ of éontéaception noflincludqd in (1), and (3) those
who never use any contraceptive methods. Nevertheless, the

~

schematic representation of the states of the model (Figure

1) will be the same for each group of women,

¢
.

A Atithe start.of the sexual union, a woman is assumed to.
l”be in‘thewnonprégnant, fecundabie state So,. After a random
,lenéth_ of tihé, she‘may be in the pregnant state S, if she
., is being impregnatéd.‘Froﬁ this state she may enter into the
states Sz, §,, S. or Ss depending upon whether the pregpancy
is terminated as a fetal loss by spontaneous abortion, fétal

°

logs_ by induced abortion, stillbirth or a live birth. After

remaining nonsusceptible to pregpancy’ for a random peribd of

5
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time, she eventually make a passage to the state S, to start’

the process anew. However, a woman may die at any state of
the process and enter the absorbing state Sy from any of the
i) '

states *'S,, S,, S:, S,, S, or 55: Thus the reproductive

history of a woman is fully characterized by the sequence in

which she visits various states and the length of stay in
each state at each . visit (Pefrin and: Sheps, 1964). For
instance, the number of transitions from state S, to state
Ss in any specified period of time yields the number of live
births borne by a particular woman in‘that period. Although
the present model follows the framework suggested by Perrin
and Sheps (1964), it incorporates”the death state S¢ as an
.
absorbing state. Hence it is more realistic than that of

Perrin and Sheps, particularly in the cases of developing

countries.

Under the assumptions regarding socio-biological
fagtbrs (as described earlier), except for the death state,
the length of stay in'any state of the model can be viewed
as a random variable with a distributjon function which
depends on the state béing occupied and on the next state to
whicﬁ the passage is being made. If we further assume that
the parameéer of the various probability d;stributions and
the transition 'matrix do not change over time,  the
feproductive higtory of a married wéﬁan can be characterized

‘as a Markov rénewai/sem&-Markov process (Pyke, 1961a,

196tb). However, the above assumptions may not be exactly

true because of the_fact that the distribution of intervals '

—



for a firsc'birth is expected to be different from that of
intervals between sgbsequent births. 1In this case the
reproductive history of a woman maj be characterized as a
general Markov renewal process (Kshicsagar and Gupta,‘1969).
Sincc a general Markov reﬁehal‘pfocess i§' the same .as a
Markov renewal prccess except for the first spate‘and
transition, it is pdgsible to derive expiicit mathematical
results combining the two processes. However, varigus
results for the p:esenc modcl- Wili be derived f rom
fundamental * probability cbnSiaerationsv along the lines
suggested by Per:in and Sheps (1964)‘ana by Krishnan (1971,

1977, 1979) without recourse to renewal theory.
3.3 Derivation of Results for thé Model

In ‘thié‘ secticn, we shail be' coccerned with the
derivation of the results on the three characteristics which
are iﬁportant in the study of the patterns " of human
fertility. These chcracteristics are :‘(1) distribution of
intervals betweeh successive outcomes - of  pregnancy
terminating in spontaneous aborcions, induced abortions,
stillbirchs or live  births, (2) expected number of live
births, stillbirths;v'spontaneous abortions,' and induced
abortions per womcn occurring in a specifie' period of time,
and (3) annual probability of the occurrence of'a live birth

4

(fertility rate).
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The following are the standard notations to be used in
developing variqgs results:
P=(P,,) ' (i,j=0,1,2,-+-,6)
is the transition probability matrix

P|‘

n

probability of transition from state S, to state
.Sy | |
T., = first passage time from‘state‘s. to state S,
i.e., the time taken by the pfocess to ;o from
state S, to S, for the first kime, ignoring |
death state . N ' |
T,y = recurrence time for staté S], i.e., starting from

state S,, the time taken by the process for the

first return to state S,, ignoring death state

TT, = waiting time in state S, before a direct
;traﬁsition\to state S,, ignoring death state
G;}(t) = distribution fﬂnctioq of Ehe firsf passage
time from state wato state S,, ignoring

LY

death state r .

F,,(t) = distribution function of the waiting time T,,
n o ' . ‘ |

rf,) = nth moment of G,,(t) . . ,

* : ‘
u.fn) = nth moment of F,,(t)

%*
K, = Pu;#l;

C %
B ‘=‘7j_: Puunj



In accordance with the permissible paths as shown in

Figure 1, the transition probability matrix P should have’

the following form:

Non- . Spbn. Induced Stiil Live .

pregnant Pregnant abortion abortion birth birth Death

So s, s, s, S. Ss Se

S | Poo Por 0 0o 00 & Pos

.Sl 0 0 Py2z | Py C Pua Pys  Fae

Sz Pao 0 S0 0 o 0 Pae

S, | Pso 0 \ 0 o 0 0 Fye

Sa Pao 0 0 0 0 0 Pae

Ss Pso o S0 o 0 ¢ Py
Se 0 . 0. 0o 0 o 0 1

3.3.1 First Passage and Recurrence Times

Since the death. state S, 1is an absorbing state, a
female ,on entering it, cennot leave. A female may make a

passage to. the death state without reaching some of the

other states in the state space. Hence the _mean first

passage time r,; Ki,j =.0,1,2,---+,5) will be all infinite.
However, the mean first passage time from all states to the
death state (roe,fis,Tz28,°°*,Css) can be obtained from the

following theorem due to Barlow and Proschan (1967:135)



Theorem (Barlow-Proschan)

\

Let (P, F(t)] be anAabsorbing semi*MarkoQ Process with

k(0,1,2,----,k?1)~absorbing state where P has the normalized

form

Then the mean time to absorption, starting from state i

(1 > k) is
'I.: Ly gmy wvhere (r”)'; (1 -~ Q)"
J | .

In the present case, the normalized form of P is given

by

Se So - S, “ 'sz ‘ »'5,3 S. | Ss
Se -‘ i 0 0 0 o o "o |
So Pos °  Poo - PRoy | 0 0 0 0
s, Pie 0 0 P,s P,s Pys  Pie
Sz Pre= Pro O 0 0 0 0
Sy | Py Pao o 0 0.0 vo‘
Se | - Pas T Puo 0 0" o 0 0
Ss | Pes.  Pgo . O 0 o o 0
* ] ‘ . )

P {g}‘ a



Here,

Poo Po 0 0 0 0
0 ‘ ' | 0 Piz2 ' Py, Pia P,s
Q - Pio O o 0 0. o
Pso 0 o 0, 0 0o
Pao 0 0 o o o
Pso ' 0 0 0 0 0
‘,nzTherefore
[ 1-Poo ~Po 0 o o o |
0 g Py, P,y ~Pi. <Py
(1-Q) = ~P2o 0 0" o 0
| ‘ ~P3o o o 10 ‘o
~Pao o . 0 | 0 PR
- Py, 0. 0 .0 0o 1

"

Next we compute (r,;) = (I - Q)-' and the estimates of

mean first passage time from various states to. the death

state are obtained by
L;s =.Z r."‘l‘ 1 = 0,1,2\;"",5 oo .
J=0 B ’ . . |,‘" '. ‘r‘.

These,results;yieiding mortality rates specific for the

various' pregnancy outcomes are, however, not of much-

interest to us.



It is to be noted that the states So, Si, Sa, S3, Sw,

P
-

v and S; are transientﬁ there 1is, strzctly speaking, no
recurrence of these states since Sa'iskan absorbxng state. .

But” we ean th1nk of recurfende o) these states\dn‘the

» ' Co VLo

assumptlon of the survxval of the female durxng the ‘pefiod

under consxderatlon. Now we shall develop some. meanlngful
v , . -

Eesults f rom the model.

r

Let Y., (i, = 0,1,2,-+-,5) denote'the‘rahdph‘length‘of
time spent in state S; before death given thatfhthe female
started from state S..‘Let E(Y., m.,.vThe}foiio#ing are the
mutually exclus;ve possxb:lxtxes for a. female in making a

passage from state 'S, to state S,:

.‘"
Ve

(i) the female may mbve di;ectlyvffom S; (i#6) hto " the
death state; "
(ii) the female may move dlrectly from S, to S, and

then from-S, to the death state°

(iii) the female‘may move from S, to S, (k#j,1i) first
and then from there move to S, from‘where she moves to.the

death state.

Now the random length of time in noqpregnant fecundable
state before death given that the female, started from
rnonpregnant fecundable state (i.e., the recurrence t1me for.

nonpregnant fecundable state) 1s g1ven by
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x .
Too ' with probability Pgo
N X g s
I's Yoo = To\ +—¥\LSL ‘ with prObabillty Po|
* " . ‘ ‘ ‘ i
Tos L with probability P,,

since a female who enters death state S, cannot return to
any other state, Ye¢,; = 0‘(j'= 0,12, ---,5) with probapility

unity. o ‘ l

The expected recurrence time for the nonpregnant

fecuqﬁable state is

A
)

' o % ‘ o *
E(Yoo) = Mmoo = PooE(TOO)fPOAE(To1*¥|0)*Per(Toq)

] %x * ..
= PookootPo 1Mo 1*PoekoetPo Mo

= “ofP01m|o‘ . (1)

To evaluate m,o}we proceed as follows:

“We have

A 3 . ' . ..
Ty2#Yz0 - ‘ with probab111ty P,
{ ' S j
' TT:*Y:o ’ with probability P,,
Yio = TratYao with probabxlk§y P,
,TTszgo ., with probability P, -
TT,, ' " with probability P,, 3
‘ ' PP i
Then o
' 4 . . "‘ ! ‘ 5 " o .
.Myo = E(Y40) = uy+ L Pyymio ' (2)

i=2 : L



"\

N

We have to evaluate m;o,Myo,Mao, and mso. It is easy to

| R

see that "
. ' I

(Yoo ~ with probability P,o
Yzo = : .
{ 0 - with probability (1-P;o)

because the female has to, move' to nonpregnant fecundable

state S, with probability Pjo.

A

. S

3 " , :
‘ mio = E(Yaoz = onmoo‘ ‘ ‘ (3)
Similarly |
“ . Myo = PyoMoo |
Meo = PaoMoo - . | (4
' mgo = PsoMoo

' Using (2);‘(3){‘ahd (4) in (1), we have
Moo = #o*Potﬂt*Pot(Ptzpzo+P1:onfpanpno*PlsPso>mop.

Mo*Po|ﬂ]’

i.e., Moo =
ao ‘ .5
1”poa z P..P,o

1=2

* . (5)

'Noy‘llet us detivé e*pfessions‘for the‘rahaom length Pf

time a féﬁale in pregnant‘state‘befére'death éivén'thét $£e

:sgatted from pregnantﬂsfate (i.e., the recurrence time for
pfédqaht'state), We haQé.

b



8L

. u'\’
SN
. \t‘,mr . :\"‘,p‘.
N 8
Ti2tY24 , with probabllity P2
x ‘- \
TyatYsy with probability P,,
. * ' "
Yy, = TratY¥ay with probability P,.
* - . ‘s
TistYs, with probability P,s
x . . W o . R |
Tie ; with prol?ablllty ‘Pie !

) A -

Then the expected recurrence time in months for the pregnant®

state is given by

£
. 5. ‘ ,
Mmy, = E(le) = “1+.2 P|‘m4| ’ (6)
1=2 :
4 C
Now we haye to evaluate m;,,m,,,m.,, ,and ms,. We can see
3 N
that ﬁ
O YaotY¥o, with probability P
YZI = / . ~‘A o
' 0 - with probability (1-~P;,)

}

Pecause the female has to move to . honpregnant fecundable

staﬁe So wifh'probability,qu. Then

Mz1 = E(Xzy) = ProMzo*Promoy o (7)
"It is clear tﬁatv | ’ 4 ‘
. ‘ﬁ' | - ;
v %\j,, ‘ L with probability Po)
Yor ® { 0o j with probability (1~Po,y)
.
L R
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Thus Moy = E(Yo:) = Poymy . (8)

From (3), (7) and (é), we get . ' e
hz\ = Pao’MootPzoPomy, : (9)
Similarly |
M3y = Pyo*Moot ProPo 1My . n ‘
"m.,'= P.o‘mo;+ PaoPo My . " _(10)

4
3
")

T

# Pso’Moo* ‘PsoPo My,

SUbStltUtlng the values of m;lfmgl,mnl, and ms,; from (9) an

(10) in (6), we obtaxn

m,, = #a*moo(P1xon;*P1sP:oa*P]Apno‘*PlsPsoz)

*POIml1(Plzpto*Puapzo*PtnPno*P‘sPso)

5
Mitmoo Z Py P o’
‘ i=2 - .
i.e\...' lm',] = : (11)
N ’ 5 ‘\. ' v '
1"Po1 £ P1Pio
i=2

We shall be interested in finding the recurrence time
for livé births T;;. If mortaiityAis‘iénored, wé‘caq.follow
| the Perrxn Sheps (1964) procedure . for computihg various
moments of T;,. 'According to our notation, E(Tss)zé Cssa
\Ignoring mortality 'as in ‘the Pefrin~Sheps'tprocedure.’is
equxvalent to éxperiencing ver{ small probabllltles of death
(j = 0,1 ;\\ ?) In v1ew of th1s we see that m;,‘ and

r,, are almost equ1valent Tss can be obtaxned as follows.

- 9 (1) (2) - ,(N) * :
Tss = O+TO1+T11~S+T1105+ cecetTy5*Tys - (12)



X

k . ) .
where T1$.£ denotes the time spent in the kth consecutive

recurrence of state S, without passage to state Sy. The

total number of times, N, the female cycles between pregnant

state S, without making a passage to statve S; is équivalent
. N

to the "failures™ (not having a live pirth) before the first

"success" (baving a live birth). The probabiljty

distribution of the number of failures can be found to

follow a geometric distribution with probability of success

i
n

Pis. Thus ‘
_E(N):gb(Ptz*P}a*P{\)/Pla ' C(13)

]

an8d Var(N) = (P,;*Pl,*P{;)/Pla*

From * the ‘Blackwell and Girshick fheorem (1954) on the
; expectationlof randém sequences‘of random varjables, we have

from (12)
- E(Tss) = mso*mon*E(N)E(Tllqi)*#Ts

% o
o= mso*moa*uls*E(Tnl-5)[912*P1J*Piu]/?15 . (15)

[ '
. SN
P

Now ' ‘ ~ . ~

. o f\f\\/
"T1g*‘Tz‘o’:To1 'with prob. P”/(P,Z*PM*PM)

"

. S = Co 3
: T1ﬂ.§‘? Tya+*Ts0*Tor WltP'PF0b~ P\:/(qu*Pjnyrn)
x . o ‘
"Tya*Tao*Toy with prob. Pia/(Py 24P 5P,y )
We have

: ~ ) ; ’ - T ) e %k
E(T11.5) = {Py2u,2*%P12M20tP oMo *P 315 +P amio

o . * - T o ’
+P13m6!+P1.ugj*P,.m.o*P,.moy)/(P,sz|,+P,.f‘ (16)

-

(14)
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*Ptzmzo*plJmso*PnamuoT(p12*PIJ*P\-)WQ1]/915

~

' ~ ’ * * *
i.e., Pysmgs = P ygMmgo*PysMo * (P21 2tPamyatPattyy f

: + .
+p1p“|"s)“‘?,zmzo+p‘ aMao+tPy aMao

(P 24Py tP e )Mo,
{
= PysgMgotMo+Hy*P 2Mz0*P 1 aMaotPaMao

Thus 3 l , s

. 5 ' |
mgs ~ [py*mo,* Z P1|m|o]/P|@‘) o - (17)
o . i=2 . ‘ ' v

wvhich 1is the average waiting time between live births for a

feméle. )

. In 5, similar way, the average waiting times betwpen
. | .
"spontaneous abortions, induced abortidns, or stillibirths for

C . N

“'a female can be found to. be, respectively:
i , ' ‘ | , ' g
- 5 , . ’ -
Mz 2 ""[IM"'U\QI* z PllmIO]/P|2, ‘ (18)
U i=2
g |
- . myy = [#,#+mo* T Py ymio])/Pys, R (19)
,"::‘.r "’ - ' - i=2 \
1;'{,\ ) V. " ty ' »
" and ,
l-f"}‘ "" '_ PN ‘ ) 5' . - ' . U i
o © Maa = [#y*Moy* Z Py Miol/Pya (20)
B A i ’ . - 'i=2 " . . v ‘ )
(N ’ - ,
A
.; i} .
K4 A "



state of live

[

since

Using (17), we have (.

Ros = E(Tos) = E(Tss-Tso)

\ B

Tss = TsotTos -

Mos & Mgs~Migo

5
o= [H;"‘mon+ L Pyymol/P,s-Mmso
‘ in2
| | 4
"‘*‘[Mz*mon+ L P,mol/P,s
1=2 .

birth. This can be obtained as follows:

(21)

(22)

Simi{grly, the expected length of the waiting time

between the nonpregnant state and the state of spontaneous

abortion, induced abortion, or stillbirth, respectively, can

be easily found as:

D]

and

. 5 .
Moz = [#W*mo1*_2 Piymiol/P,ya2,
5
Moy &~ [ky*me + Z p1|muo*Plzmzp]/Paa,
\ i=4
. \ RT3 .
8
3 @

mos = [u,*mg 4 L Py, mo*P sMs0)/Pya
i=2 ‘

-~ (23)

(24)

(25)



It is of particuiar interest to determine the' number of
various pregnancy outcomes that can be expected to occur in
a specified interval of time. Let N,(t) be the random number
of timesva woman enters S, (i = 0,1,2,*\~-,5) in time (0,t].
Then, for example, Ns(t) is the number of live.births bofne
by a woman in time t. We shall be particularly inté%ested in
computing the conditional means and variances of N,(t) given
that the female starts from So,, the nonpregnant fecundable

]

state following her entry into sexual union.

Adcording to Smith (1958), the sequence of recurrence
times of S, (i.e:, P N coﬁstitutes'a renewal
process. "If this éequence is augmented _Qith' the first
,passgge‘time from S, to S, (i.e.f‘ T;.,T"’..,T*f"{,---~),
we have a modified or ~general_.rene;al process (Murthy,
1961). It follows from results on the general renewal
process (Murthy; 1961) that the asymptofic mean and variance

of N,(t) are given‘by the-following approximate expressions:

. ‘ L (2) 2 ‘ .
E[Nt(t)/Jo=j] ~ t/mll+mld/2mli—mjl/m|;' ‘ (26)

and

2 2 (3 ) 4 (3} 3
Var ([N, (t)/Jo-=Jl - tO../m..+5(m.. /4m..~2m../3m..

(2) 2 - (2) 3 2 2 .
C-my,/2my mjlmll/ml|+0jl/mll+mjl/mll , (27)

N



variance of T ..

and

" '

LY

. o Lo >““‘}
From (26), we haye the following:
(a) expected number of total pregnancies for a woman in
. - (Y . " . N

-

(0,81 is M LA
LAY
"‘YHZ (.\'
= t/My Ay /2m  ~Mo /My ' (28)
(b) expected nhmbér\Ottspdntaneous abortions for a
woman in (0,t] is
(22
e t/m::*ma;/zmzz"moz/mgz (29).
- 1”

[
\

(c) expected number of induced abortions for a woman -

. in (0,t]) i3,

) (2) 2 '
, = t/mss*m;a/zmsa“moa/maa (30)
‘ : : R, ,
(d) expected number of stillbirths for a woman in . -
(0,t] is.
o t/man.""mnn/zmnn'"mon/m.n ot . (31)

.(e) expected number of live bi®ths for a woman in

(0,t] is -~
(2) 2 , 1 )
o t/MgstMss/2Mss~Mos/Mss ) (32)

4




be obtained from (27).
(2) ‘

To derive expressions for m;,, we- proceed as follows:

We have,

(2) ' * : x
my, ~ BE(Ty,?) =~ PI;E(T12*T21)2*P1aE(T|3+T31)’

Ve

*P1QE(T1n+Tnl)f

. ! * ) . E - \
+P|SE(T|5*TSJ)z*pleE(Tle)’
(2) 5 (2) (5
= uy + L Pyym, *2 X gy C (33)
- i=2 v =2
. . x
since u, =P, k.
. (2) ) ' ‘
Now mz, = E(T?,’) ~ onE(Tgo*Ton)2
P (2) (2) .
o on(mzo +my +2mzomo1)-‘ . ' (34)
From (3) and (4) we have, - .
) v . v 3
. \ ‘
- (2) o T (2) . '
m;s f q‘Tlof) = P,oMoo 1=2,3,4,5 » (35)
Agéin .
(2) +(2) +(2)_ (2)
Moo = E(Too?) = Pookoo *Po1kor *Po 1Mo o
. W) '
.
+2Po 1Mo 1M, o
‘ . . ‘ b
* (2) (2) % . . '
= Ho *PoaMio *2Po1to 1My (36)
\ . N
= iy




(2) ) (2) (2)  (2) (2) (2)

Mio = E(Tyo0?) = puy *PyaM;0+P 1 3MyotPaMaotP sMso
+2(py2aMao%py 3sMyoti uMyo*ity3Mso)

(2) 5 (2) 5
= pupnt L Pymio+2 L opyymo
i=2, i=2

From (35), (36), and (37) we get,

(2) ‘5 *

(2) (2) : (2) 5 '
Moo = Mo 01[#1 + Z omoo+2 22#11m10*2“01mno]
= 1“
2 (2 (2 )
ie, mc(m)q [Mo lPO,{ul l2 52#1|m|0+2#o|m10}]/
1—
i S
(1-Poy Z P1P,6]) ‘
[ ) i=2 , , \ \
From (35) and (38) we obtain,
(2) (2) (2) 5 *
Mzo = on[#o +Po  {u, 2 22“10Noo*2#01m10}1/
v 1_ 4
. S ’ . . i}
[1-Poy Z Py Pl ' o
i=2 e . ‘ |
\ |
v"‘ (2) ’ l

Now, Mo, = E(To,?) = Po B T,,?) = Ponm1|,

Using (39)Aand (40) in (34)'Qe‘héve,

(2) (2) (2) 5 *

Mgy &= Pazo’luo prl{“i +2 22“1lmlo+2“01m|0}]/
1 = .
A . "{:'4} \
5 [ ( 2 )
[1 Pon z P1|P1}]+P20901mn|+2920mzom01
ir2
" b i - &k

(37)

(38)

(39)

(40)

[



- T, T T T T4 1
N

S (2) | (2) (2) 5 *
mkl = Pyo? [Mo +Poy {uy +2 22#1|m|o+2“01m1o}]/
i=

| 5 (2) o
[1 Po|.22P1|P|o]+pkoP01m1|+zpkomkomo) k=3,4,5
is ‘ .

(42)

Using (41) gnd‘(42) in (33) we get,

(2)  (2)'5 (2) (2)_ 5 *
My = M, *_22 1|P|o (ko +p0|{“l +2122H1|m|0*2#01m10}/
i= =

. 5 5 : . .
[1-Po, L P,.P.o]+Po._E PIIPIO]mll.' ' , o

i=2 ‘
) 5 ‘ 5. .
4 2me y B P1|P|omao+2 z “1'm" i
1: 1-2
o (2) . (2) 5 . (2) (2) * ;
ie, myy = {u, + Ezpanpco [#o *901(M1 *Zizzulnm|o+2#01mio)1/
1— = f

5 .5 )
[1 901.2 pxnpuo]*z(mo1lnzpnp|om|o+ )2 H1|m|1}/
= 1_

Ny

- ' .o f
[1 Po z P1|P|o] , ‘ ' (43)
i=2- o : :

;f- the second' raw moments of the “direct passage txme
from nonpregnant state as well as from pregnant state» to

various poss1b1e states of the model are known, m‘?’,,; can

be easily evaluated from (43). - - .

' ) v ’“ ' ' ' e
‘ A quant1ty 6f Speciai interest is m'?’4g, the second
ray moment of " 1nte{ l1ve b1rth 1nEerval Before der1v1ng the

expresszon for m"’ ;'we £ind out the varlance of Tss.
“ [ ) _ o ‘



SuvLiaL LIy \1J7 LLom-\ 1<) we gert,

| X . %
Tss~E(Tss) = (Tso‘mso)+(To1”m6J)+(T;s"“1q)

(1) (N) .
*[T|1}§—E(T|1-§)]*”"+[T11-S”E(T|l-i)]

+[N.E(Ty1.3)~E(N)E(T1,.3)] C (4)

Squaring both sidés of (44) and taking exbectation, we get
) ) . "
(cf. Blackwell and Girshick, 1954)- the following:

EITss-E(Tss)1" = B[Tso-E(Tso) 1 +E[To ~E(To,) 1"

' x> * :
+E(T s-E(Tys) ] *+E(N).E[T,.5-B(T,,.5)]*

+[E(T,,.5) 12 E[N-E(N)] *

i.e., vVar(Tss). = Var(Tso)*Yar(To,)*Var(Ttsf
SE(N)Var(T;1.3)+[E(T,,.3) ] Var(N) (45)

, ' 2) » - ‘
Since Var(Tss) = E(Tssz;)”v'“'[E(Tss)]z o msg“(mss)z, we bave

" from (45), '
(2)

, ' h %
mss = Var(Tso)+Var(To,)+Var(T,s)

*E(N)VAr (T, .3)*+[E(Ty1.5) 1 Var (N +(mss)} - (46)

Now ,¥ag(Tso) = E(Tso?)+[E(Ts0)]? “ P;oE(Toozl"Pso’moo'
- o (2) - (2) .
‘ = PsoMoo~Pyo/Moo? = Pso(moo~PsoMmoo?) (47)

/s

var(To.) = E(To1')‘[EST01)]z = PénE(T1zz)f901zm1:z

.= Ppy(my ~Poymq ¢ ?) . O ‘ '-(48)



and

bar(T,,‘g) = E(Tg‘PE;)‘[E(Tlx-E)]Z

'

N x - * :
= [P, 2E(T,2%T20%To4) 2tP 1 2E(T134T304To ¢ )?

0 * ! ‘| +
4P WE(T 1 a#Ta0tTo1) 21/ (1-Pys)
“[E<T|1-E)]2

Yoo w(2) 0 s (2) +(2)
: o [(Pﬂzﬂlzl*Pfsﬂaz W ETY V)

(2) (2) (2; (2)

(Plzmzo*p|3mao*9|nmno +m01(P12*PIJ*P1n)
.
+2P12(#12m20*mzomo|*ﬂ1zmoa)
* R
+2P 3 (M aMao+tMyoMe ¢ +Faty 3Mo.q )

+2P1.(Mtam.o¥mnomn1*ﬂ?nm01)]/(1”P15>
'[E(T11-§)]z
(2) *(2) (2) (2)

= [uy ~Pysuys *+ zzp1nm|o +m01(P|z*p13+P|n)

i
4 | g
' +2 L Htlmﬁo*szI,E Pyym,o
i=2 =2

4 R - |
‘+2m01i§2P1|ﬂ1|]/(1‘P15)“[E(T|1-§)]3 (49>

If the second raw moments of the direct passage time

from! pregnant state to. the var1ous states of the model are

known; m"*A ,cén be ea51ly obtalned from (46) rus;ng
(13) (14) (17) (47), (48) and (49)

@) (2) . (2)
- On szmllar lines, Mz ,M3'3, and My, can be eValuated

)



3.3.3 Annual Fertility Rate

The‘aﬁnuai.procébi}ity of live birth,for‘a homogeneous
cohorr of womehfsis‘dependent'on the ;enéth of exposcre of,
che wohen in‘the"cehent“since entrj..into"sexdal unionl
Usually "a women «tehds to .have a greater probabxlxty of |
conce1v1ng during the early months of marrlage“(Sheps.handf
Percin, 1964; Leridon, 1977). It is very diffiéu1t<co'der£ve
an expl;cxt mathematxcal result for the probabllzty live,
bxrth at a function of the duratxon of marrxage However,
considering the entry into the state Ssv(llve birth) as the
act- of renewal end v1ew1ng the model to follow the renewal
process, the probabxlxty of the occurrence of a llve bxrchA
at time t can be obtained by subtractlng the "expected number

of lxve bxrths in: t1me (0,(t~1)] from the number expected in

t ime (O,t]'(Perrxn and’Sheps, 1964);‘Thatulsv
Prbb[?assage into Ss at time t]=E[N;(t)]-E{Ng(t-1)} (50)

Applying - Blackwell's theorem (Smith, 1958) in (32), it

follows that the asymptotic annUal fertility rate for a

‘homogeneous cohort of women, whxch is .observed (for a

reasonable length of t1me, is approxlmately equal mtp"l/m;,

.i.e., 'the reciprocal oﬁ,the mean recurrence time for live

births. "



4. APPLICATION OF THE MODEL TO BANGLADESH

VW ' 2
™

A

4.l Reproductive Data for Marriage Cohorts
‘Data to be fitted to the stochastic!model developed in
'chapter‘ 3 should 1deahly be generated by a group of women
| @xposed to the rlsk of conceptlon The group of women are
all observed for . the’ occurrenge ‘of conceptlons from a
specxfxed date, such as the date of marrxage the date of
first ,yxsxt to. a ' birth control cllnlc the 'date of
diScontinuatioﬂ” of a contraceptive method .or a fixed
calendar date. ‘In this study, two recent fivecyear first
marrxage cohorts oﬁ women (flrst marrxed durxng 1965 69 and-
'1970—74) 'were consxdered These two cohorts were selected
.because the reportlng f‘ varlous dembgraphlcl events are
“expected to be . relatxvely more relxable among the members of
these cohorts. Moreover, 1f a group of wonen is followed for
. more ‘than 10- or' 15— year perxod the model becomes less

-’ a

adequate because of the assumptxon of constant fecundablllty

(Perrln and Sheps,.1965l. s

. The dates of conception were ‘bt‘available in the BFS~
However, as stated earlier, the dates of dlfferent order
pregnanc1es term1nat1ng 1n lzve blrths ‘or non711ve bxrths

'lwe:e 'ava11able 1n century month code.  The dates 'Qf,

4

‘,concept1ons~were calculated by subtractxng 9, 8, ‘3‘ ,and 3

)

T months.‘from the dates of termxnat:onrof pregnancxes as 11ve
. .
szrths,' stxllbzrths, spontaneous abort1ons, andl,lnduced

’



abortions respectivelyt‘ The wohen who reported themselves
to .be infecund at the time of survey were eéxcludéd from the
analysis.'The 1965769 first ‘marriage cohort consisted of
1,114 ‘women of whom 29 .uere infecund while 1,120 women
formed the 1970-74 marriage cohort in whichﬁ there were 26 .
infecund woment Both the spontaneous and 1nduced abortxonqv
u%%e COmbxned together because there were very few cases - of
theser
AQ‘-- , | & | .
;ﬁ.ﬁijlnistribution of Conceptions o

.

" 'Distribution of first order conceptions by months since

)

firséﬁmarriage occurred to women in each of ‘the five-year

‘“margiage“cohorts was obtained as discussed earlier. To allow
T et ' '
for .the conceptions occurring to women who ‘entered the
ot .g‘: . ‘ ! " . ‘ ‘ , )
five-year marriage cohorts in _the fifth year, all
. V . ’ ] '

 pregrfangies terminated in live oirtﬁs or non-live birfhs ' in

the following year were taken  into 'consideration.“For‘

. example, 11ve bxrths or. non live bxrths occurred to women in
b

che' year 1975 who were first marrled during the year 1974

A

>
sﬂar’e ta‘mto account in the dlstglbutlon of conceptzons

wfor‘ the 1970-74 marrlage. cohort. For s}mplicfty, . the ",
< ¢ L o
d;strlbutlon of. first order conceptlons was restricted .to .

.fzrst 12 months sane;marrzage. It is to be noted that 19‘;
and 2 months were ‘takenh’asjvtthe‘; average_‘ postpartum .
nqnnsusceptlble per1od assoc1ated 'wzth a. 11ve b1rth and a ‘{
v‘Th avenage duratxons of pregnanc1es were taken as 9 months
for llve b1rths, 8 months' for stlllbzrths, .3, months for.

sponteneous abort1ons, ‘and 3 months for 1nduced abort1ons
(see, for example 'Huffman et al 1980). '

LR




‘non-live birth respectively (see, }or instance, Bongaarts

" 4nd Potter, 1983} Huf fman et al., 1983} Chen et al., 1974).

Relatively 1longer period of postpartum amenorrbea -following

a live birth may be"attr}boted to the prolonged period of

lactation, the mean duration ofjﬁhioh was found to be 24.4
and 20.9 months for rural and urban women respectively in

Bahgladesh (Nag, 1983). ' For rural Matlab  Thana in

“Bangladesh Chen et al. (1974) also . found that " the imedian'

duratxon of breastﬁeedlng exceeded 24 monthsr

BN

", For five-year marriage cohorts, one should jdeally

consider up to third order conceptions. However, as there
" ‘

were r-only 46 and 55 cases of reported second order -

K

conceptions, .and 11 and' 7 third order conceptionSjto'the'

1965-69 and 1970~74 first marriage' cohorts' respeotively

durxng the flrst 12 months sxnce the end of fert and second

order postpartum amenorrhea, the present study is restricted

to only ‘flrst order Eonceptxons.hslnce the dxstrlbutxon of R

first order conceptions is expected to ‘be ifferent from

that of secondy or higher order conceptions), the results

4 -

"derived in this  study may approxzmate-,the;‘rebrodoCtive

behavxour of a group' of women durlng the. early years, of

| marrlage. Among 1085 and 1094 fecuq‘%women belonglng to the

1

‘1965 69 and 1970 74 f1rstlmarr1age cohorts respect1Vbly, 25;“-

w'dnd 22 women reported T1rst order concept1on oefore the date%;



. Table A.1 shows the distribution of first' order
conceptions in the fxrst 12 months since f;rst marriage for
the 1965 69 and 1970-74 fxrst marrlage cohorts. It should pe
pointed out that among,,,060 fecund women (excluding those
*who‘reported conception before the date of marriage) who
were married for the first time during 1965-69, only 225

(21.0 per cent) were. found to have concexved in the F~1rst 12

months“ofnmarrxage. Also among ;072 fecund wdmen (omitting -
those who reported conceptxon before ‘the date of marr;age)9

‘belonglng‘w o the 1970-74 cohort 22‘0 per cent had a txrst

+

order conceptlon durxng the flrst year -of; marrxage.

|

o

There are several posslble explanations. for the

unusually lower proportxon of women conce1v1n9 in the first
year "of marrlage. The mean ~age  at first marriage among

females in Bangladesh has been very low it is for example
6

13.0 years‘ for the 1966 70 fArst marrxage cohort and 14.1'

LR

years ﬁor the 1971- 75 cohort (see chapter 2), and ‘the’ {mean‘-

-

‘age at menarche is 15.7 years‘(Bongaarts and Potter, '1983).

A

Lo¥er age at first marriage and hxgher age‘ at menarche,

ined wlth the sub fecundlty among adolescent females 1n

| the Indlan sub contlnent (Chandrasekaran, 196.)' contrlbute‘h

\
to the delayed conceptlon, Moreover, the prevalent socxal‘

- i /‘ \\ '

custom, part1cularly 1n rural areas, of frequent and long

visits by the” newly marraedgfemales to the1r parental hdmes

1%lead to 1nfrequent cohabitation w1th the1r husbandsvand foéﬁaﬁhéf
: gt

i

..most of these women. ...ﬂfxﬁgt bzrths are‘character1stlielly$i ;

RS

delayed untzl two or th;ee years after ,marrlage"l#(Cheniceff~

b T . R

&r

A
2




N

Y . ) ; R R . . N
v, proportions of conception ending in live births,

\

AN

kgt  §5 Qorthwhile to note from Table A,] that the"
v

stillbirfhs; and aboggioné‘ were 0.96, 0.03, and 0.01
respectively for the 1965-69 first marriage cohort aﬁd the
correspdndihg proportions for the 1970-74 cohort were 0.92,
0.03, and 0,05, Perrin and Sheps (1965) have suggested , that
the proportion of pregnéﬁciqs which tefﬁinate in live births
is approximately 0.80, in stillbirﬂhs ‘abproximately 0.02,
and in abortions ébproximately 0.18. From the reasonably
complete vital registration data in Métlab‘ Thana,
Bangladesh, Chen. et al. (1974) have estimated the
probability éf a live birth, a stillbirth, and an abortion
per concepéion ,at 0.85,..0.02, and 0.13 respectively;'The
apparent -lower proporgion of abortions gn the ‘BFS, which in

turn inflated the proportion of conceptions resulting in

. live births, may be éttributed to the under-reporting of the

occurrence of abortions, particularly of spontaneous
. \

‘not. aware of early

abortions since women are frequently’
spontaneous abortions (see, ' for example, Leridon, 1977;

) ' \
Bongaarts, 1975; Bongaarts and Potter, 1983).

a3
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A The elements of the Lransition probability matrix were

obtained as follows: A

Ly

1

‘The estimate of Pyo ya5~obtained for a marriage éohort”
as the proportion of ;omen who did not conceive Aduring the
first 12 months since first marriage while the proportion of
women who had conceived in the first year of marriage was
taken as an estimate of Po,. The estimate of P,(g.,,) the
annual probability that a pregnapcy will end in an abortion
(spontaneous ana induced) was obtained as the proportion of
pregnant women whose pregnancyiterminated. in a% “abortion.
Similarly, P,..and P,; were estimafed for a marriage cohort
as the proportions of pregnant.womeﬁ whose p;egnancieﬁfended

\ _
in stillbirtqiwqpq»}ixggbifphs respectively.

Transitiqn probabjilities from various states 'to the,
dgath state, ;§5,916,~-~,P;q could not be eétimated directly

5ecause of the lack of data. However, using tﬁe ﬁodel life
table constructed for éangladesh (CeﬁSUS Commission, 1977),
indirect estimates of the probability of death were obtained
by 5ubtractiﬁgl the survival ratios correspondinglto mean
ages of the cohorts (see Table A.9) from unity. The”elements
of théﬂ_g;;;gfzion probab}lity matrix were finally adjusted
in-order to make the row totals®equal unity. The transition
probability matrices for botﬁ;_hha 1965-69 a?d 1970-74

~

cohdrts are shown in Table A.10 and those for .selected

social backgrounds of women in these cohorts are presented
. . . . N



in Tables A.11, A.12, «---, A.16. e
, :

4.3 Mean ﬁaiting:Time in Various States Before a Direct
Transition to Another State
The waiting time for conception is a function of
fecundabilitya The higher the fecun@abilify, thé shortér thé
conception wait. For a homogeneous'@foup of women with same
- levels  of fecundability,  there |is an ekacg inverse
relationship between conception wait and” -'fecundability
(Henry, 1953; Sheps apnd Menken, 1973). Thus mean daitfhé

A

time in nopnpregnant fecundable state before a ~direct

transition to pregnant state (ko) for a marriage cohort is
estimated as the reciprocal of fecundability. Fecundability

(p), in turn, was est{imated by assuming that the waiting
Aime for cohception é%n months (T) since first marriage
followé a geometric;d;stribution (see, forl instance, Shéps
and Pérrin, 1964;.and Leridon;'1977) with‘éérameter p- Theﬁ
the probability that the jirsc conception pccufs at month T
is given by L | ‘ o
7éf‘ Préb(T A Xx) = (i ~ p)°p x = 0,1,2,2---
ﬁ%‘ B(T) = (1 - p)/p
wngnd var(T) = (1 -~ p)/p?

S D ) - )
p was estimated from the monthly distribution of conceptions
v :

n

" We
"

by equatihg’ the.,samplé mean to (1 -~ p)/p, the population

(

mean and solving for p, |assuming that all first married

women constitute a homogeneous.group.

i
LY



1

According‘to our model u:o = u:1. Since detailed data -
. ¢

. ‘ " * * cx e
are not available, the vaeues of My(z2-3), Mia, Kis, M(z-23)0,

Mro, mMso for both the 1965-69 and 1970-74 cohorts as well as

[
(

for wvarious bacvground'characteristics of women are assumed

Y

to be 0.25, 0.66667, 0.75, 0.16667, 0.16667 and -1.58333
: 7 T 33
years: respectively (asxdiscuised earlier). Mean waiting time

f rom various states to the death state for the 'cohgrts and

'

for selectéd social’ backgrounds of women in the cohorts are m

assumed to be egual to the expectation of life corresponding
ot

to their mean age (see Table A.9), '

5]
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FEFTILITY PATTERNS 'AND DIFFERENTIALS: RESULTS FROW
n 5 STOCHASTIC REPRESENTATION " :

’

N

f

5.1 Intrpoduction

) .
« , . .

A - sound knowledge of the patterns of occurrence

4 . .

vconceptions and births to women as they progress. ﬁhrough
; ' .

their chxldbéarlng period is essential %or understandxng the
dynamics of human fertility .in any socaety. ‘Most of the
studies so far carried’ out‘ﬁhave been concerned with the
analysis of the patterns ofr~pregnanciqp' in cohorts of
married women with a particular emphasis on thelpggﬁerns_of
| llVe births as they occur in time. This is becauae the“ data
regarding live bxrths are more readily ayailabig'and more
compleéé than, those for conceptions. Most studxcs. are
restricted to cohorts of married women since the cohorts are
formed of a relatxvqu homogeneous group of women for vhom

it is possxble to study the patterns of fertllxty in details

when the pregnancy hlstory of each woman in the cohort is

known. lb

Fertility pattern is a function of two classes of
‘determinants: (1) socio-economic ‘and environmental
'backgrougg' variables, and (2) proximase variables. The

'S

former consist of social, economic, institutional, cultural,
, : X 1y

psychological, health and environmental variablés while the
proximate determinants include biolégical dnd,behavioural

. factors through which the background yariables ﬁu§t operate

. A3
to influence fertility (Davis and Blaké, 1956; Bongaarts and
. RN

88 '._ - ;‘2““\
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Potter, 1983;‘ Bonéaarts ét al., 198%). The proximate
determinants include the {Pllowing variables: proportion of
women married or in"sexual unions, freqﬁency of intercourse,
postpartum - abstinence, lactationai\ amenorrhea,l
contréqeption,'induced .abortion, spontaneous in;réptefine
mortélity, Qpaﬁdral and patho1ogicai sterility (Bongaa:ts et
al,, 1984); Socioeconomic énd ‘ environmental variable§
influence fertility only indirectly by modifying the
proximate determinants,'wﬂe:e‘as the main characteristic. of

~ a proximate determipant is its direct effect on fertility.

The inclusion of proximate determinants in the study of °
fertility patterns provides an improved understanding of the
influences of the socioeconomic determinants. For example,

education’'as a socioeconomic variable could generally have a

3
~

negative effect ' on fertility through fﬁé use  of
céntraception and a posi;i?evéffect‘through§$h; influence of.
education on the length’of‘breastfeeding. Thﬁs depending on
the réﬁative contributions ‘of the positive and negative
effects of the'pfox;mate determinants on fertility, the net
lgffgpt of a socioeconomic variable could be negative,
positive, or insighificant. B |

| In this Chapter, fertility patterhs'aﬁd differentials
in Bangladesh are- studied Sy the application of the
-stochastic model ‘developgd in Chépter 3 é%r”Qwo seleéted’
first marriage ‘cohofts  dfi‘wqmen (first . m%rried. during
‘1965—6§ and ' 1970-74) in terms of cohteption-inte;vals,

[



"

interlive birth‘?ntervals, and annual probabiiity of a live
birth. Differential 'fertiiity patterns are studied by
afural~urban, educational; and religious back§;ounds of
Bangladeshi womeanAs the numbers of repdrted cases of
stillbirth and abortion were very small for béth the cohorts
(see appendix Tables A.1 to A.7) and the data on these are
.not reliable (as pointed out earlier), theyéresgntlstudy of
fert;lity patﬁerns and difﬁe;en;ials is restricted to 1lijve
' birfhs only: Although it is difficult td inéorporate the
proxfmate determinants directly into the modél, the relative

contributions of 'most of them in determining fertility

patterns are discussed, wherever appropriate.

5.2 Conception Wait and Fecundability

Ps
N

A susceptible woman (who yévulates' and engages in
régular intercourse) takes, on the average, several months
to conceive. The most reliable estimate of waitiny time to
conception can be obtained from the interval between the
- date of marriage and the “date  of first conception
(Bongaarts, 1983). Meaﬁ\conceptiop waits estimated from the
interval bethen the dates of 'fi;;t marriage and first
conception for two selected first mlf.lage cohorts’'as well
as for selected social characteristics of ‘ wo&%g are
presented in Table 5.9. Average conceptibn vaits for the

. LoLe . .
1965-69 and 1970-74 first marriage cohorts are estimated ~at

6.9 and 6.6 months respectively. These estimates fall in the

range of 5 to 8 months, -with typical values close to 7

£ . ) 3

90



'Estimates of Mean Waiting Time in Years in Non-pregnant

Table 5.1

State Before a Direct Transition to Pregnant State by
- First Marriage Cohorts of Women and Selected Socxal
Characterxstxcs. Bangladesh

— -

&

First Marriage Cohort

1970-~74

Characteristics \ 1965~69
A All 57847 (.144) .54995 (.152)
B Place of Residencet . e .
Rural J .59032 (.141) .55227 (.152)
Urban a .50225 (.166) .54487 (.153)
C Level of Schooling ‘
No Schooling ,- .60517 (.138) .57264 (.152)
Others .52885 (.f?B) .5]684‘(.161)
D Religion " , S
Muslim 57971 (.144) " .55807 (.149)
.57265 (. 146) (.161)

Non-Muslim

| .51871

Source”

Note:

fecundability.

fUnwelghted.

i

-

E5timated from the BFS,
Figures in parantheses refer to the

1976-76.

t

estimates of

91
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months, estimated from the first 'pregnancjﬁ'fnfefnal?of

non-cqntracepting women innSOme\hiStorical populations 'and
in some developing countrxes (see, for example, Bongadrts,‘r

. oy . v
1983; Wilson, 1980; Balaershnan, 1979 Lerxdon, 1977”
\

,

Majumdar and ‘Sheps 1970 , Jaxn, 1969 Potter and Parkerp

1964). Mean conceptxon wait for women in the 1965 69 cohort .T,A
) -‘.\ , : ,f,l{"f‘:‘ '

is found to be slightly longer than that for women nn the:w'n

\

1970-74 cohort. This.may be explaxned in part by relatxvely
lower mean age at marrxage for . the 1965 69 cohort (see Table
A.8),%although tne fertility performance 0£ a propertan‘fof
women belqg gzng ~to the 1970-74 COnorf was presumably
affected by the social dxsrupt;ons oaused: by the 1971 war of
lxberatxon. and the 1974 famine. ance the 1nc1dence of
,anovulatory cy¢les are usually hxgher for younger ,yomen in‘

the years immediately follow1ng menarche, concepeion waits |

‘ - ‘ d
1969). . R : 5
. S ) . ' ) . . i ) . 3 [

1t is %o be‘nbted that ﬁhe; mean conception wait for
rural women in Matlab ‘Thana during 1975-76 was estimated at

10.9 months (Chowdhury, 1978). This estimate, though pot [

strictly comparable, 'is much higher than the corresponding
estimate in the present study. Moreover, this estimate was
based on pregnancies of all orders. Since'coital ffequency

[y

tends to,fall with the ‘rise"in age, and/or. duration of

_ marriége, mean concept1on wait 1s expected to be longer for
‘older ‘women although,kBongaarts (1983) suggests that the

,d1fference_ in mean ,, conceptzonA wa1ts for success1ve b1rth

tend to be longer for these women (Bal§kfishnan,‘T979;‘3ain,‘ N



“1‘

PN
. b ’
'

" intervals may'beQQUite.small at least for women aged up to

‘\the':late “thirties. 'Chowdhury s estxmateA mxght also be

déffected waV some upward blas as\ tﬁég waxt;ng tlme for

conceptxon of a proportlon of women overlapoed ‘w;th _the

‘1974—75 famlne.‘il . .o , S mﬁ o i
, . “:,f iy ‘

DxfferentxaLS' in . mean conception wait among  women:

i

‘broadly . class1f1ed' by  place of resdence, ‘level -of

schoonng, and relxgxosxty can also be seen _in Table 5.1

| ﬁean ‘conceptxoﬁ waits for both the cohorts under study are
fodnd to be longer for women li;Ang 'inlgrural than urban
g:areas,"fokqwomen.vith no schooiing than)those'with atlleaSt
?feome ‘echooiing,f and for Muslims ,than“ noh*MuSIims.
l*biffebentiais in mean age at fxrst marriage (see Table A.8)
;may pargly~be accounted for these dlfferentlals in  mean
_conception waits. However, the differencesyin‘mean waiting

~time7fdr conception among women with different. background

character1st1cs range from 0.01 month to 1.0 month

Table 5.1 also presents estimates of fecundability-

~levels following first marriage. About 14 oet cent of all
women married for the‘fjrsgvtime in the period ' 1965-69 may
be expected to conceive during a month, while about 15 per

cent of the corresponding women 'in the 1970-74 cohort may be

——

_expected to conceive dur1ng ‘a month In a two-year .

prospective: study of 200 women 1n rural Bangladesh (Matlab

Area) during 1968 -89, Chen et al. (1974) estimated the mean

fecundability for a woman to  be 0.10. This estimate was

A

‘a4
L .

-
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found to be aﬁfectéd by ‘the seasonal occupational absences -

a

of husband§ from home faor rice harvests in other areas ana
fishina in the major rivers as the study was conducted in a
rural agricultural and fishing society. Correcting for the

factor of seasonal migration of hhsbands, the =~ mean

) "

fecundability was adjusted to be 0.13 (Chen et al., 1974).

marriage cohort of women in the present study closely agrees
with the adjusted ‘mean fecupdability {or Matlab women,

although these two estimates are not strictly comparable.

When the women are classified according to the selected

soaial c¢haracteristics, the estimates of mean fecundability

\

are found to be higher for the 1970-~74 cohort as cémpared to

the 1965-69 cohort with the exception of urban women. Since,
! . .

there jis an exact reciprocal relationship between

fecundability and conception yéit for a homogeneous cohort

! , / ;
of women (as pointed out ' earlier), differentials .in ' mean

-~

-

fecundability are thus fgund/fo be exactly opposité to those

in mean waiting time for conception.

a
-

! »~

In general, differences in the estimates of

A

fecuqdability are obsérved between cohorts -and between

sogioeconomic. groups, Even though adhoc explansations can be

provided to explain/ these "differences, . a more';detéiled

socio-demographic theoretical examination is called for.

iy
4

The estimated mean Eecundabjlity for the rura] 1965-69 first

194



. 5.3 Mean First Passage Time
. . |

“.Tableo 5.2 and 5.3 present estimates of ‘mean first
paésabe time from one selected state to .another selected
state of the model for 1965-69 and 1970-~74 -first marriage

ra
cohorts of women frespectively. These tables also show the

[ v
estimates of mean first passage’' time for selected social.

characteristics. of women. The estimate of m,,, mean first

passage time from state S, to state S, .(average time"soent
by a woman in the nonpregnant fecuntable state until first
or next pregnancy), is found to'be'about'6,7‘monrﬁs for the
1965-69 cohort and 7.2 months for the 1970~74 cohort. Mean
first passage time .from nonpregnant to . pregnant state is
assumed to be 'nverééif““reléted to fertilitQ: The‘higﬁér

mean flrst passage tlme for women in the 1970-74 cohort as

compared to' that in the 1965~ 69 cohort is consxstent with

'the lower fertxlxty of the 1970~ 74 cohort malnly attributed

‘to the social dlsruptxoqs durlng the first half of the

1970s.

It may be po1nted out that the estimates of mean first
o~ [4
(ﬂ‘

passage t1me from 1onpre|pant td pregnant state should be

consistent with -the estlmates ‘of ‘mean waiting time in

nonpregnant étaté'before a direct. transifion 'to pregnant

95

e

' state as found in the precedlng Sect1on. The est1mate of mo,"

for the 1965 69 cohort is found to be lower whxle the “mean

'conceptxon wa1tv hzgher thanﬁihose‘for the 1970 74" cohort

One of the plaus1ble reasons for thxs 1ncons’”‘

2 4‘.“,.-@!- y.. be .
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Table 5.2

’
A e

Estimates of Mean First Passage Time (f,,) in Years' from

State S, to State S, of the Model for 1965-~69 First °
Marriage Cohort of Women by Selected Social

.Characteristics: Bangladesh .

. B
4 .
oo ' ) ' w- o A
Se“lebted ﬁl‘., ‘ o
'Cnapacteristics | , Mo, My | Bso |
C A AlLL o | ©0,55902  2,1182 1,199173
o IR
B Place of Residencet Lo Lo | '
Rural” ’ ' -0.54567 2.11474  1.20153
Urban . 0.86337 2.27360 1.31636
. y.( B N ‘ . ' ‘,ﬁ !
\ ‘ . » . ‘\ ’
- C Level of Schooling ‘ U ’
" No Schooling ' 0.48762  2.0876% . 1.17738
. Others - ' © 0.80543 . 2.26526  1.33407
D Religion I I N
* Muslim , - ' 0.56136 2.12537 1.20844
Non~Muslim - » 0.57887 2.14896 1.22015 .
o . 0. : ‘ . ;oL
-} . ' 2 . .l ’ 4
4 - : oy | |
Source: Estimated from the BFS, 1975-76. ° ‘
‘ tUnweighted. o
2 . ‘
] 1
f [«
f o )
w)‘ o
K




*

All 0.59915 2.13437 1..1646
Place,o?ﬁﬁesidenceT
Rural ' 0.54104 2.08996 1.17723
Urban . 1.60974 2.74330 1.78995
Level of Schooling . :
No Schooling 0.52348 2.09238 1.18261
Others 0,.76788 2.23130 1,30013
Religion
Muslim 0.54570 2.10307 1,18647
Non-~Muslim 0,94901 2.33275 1.41077
AN

Source; Estimated from the BFS, 1975-76.

tUnweighted.



of marriage spends on the average slightly more than 2%
months until she is fecundable again (Tables 5.2 and 5.3).
Relatively longer mean first passage time from pregnant to
nonpregnant fecundable state has ensued from unus;ally
prolonged duration of postpartum amenorrhea associated with
a live birth, the average duration of which was assumed to
be 19 months (see Chapter 3). Hqwever, 'the mean duration of
postpartum amenorrhea following a live birth estimated frqm
the model are found to be about 14.4 and 14.6 months for tﬂe
1965~59 and 1970~%4 cohorts respectively. It is worthwhile
to note that these estimates do not differ much ‘from the
mean duration of lactatiopnal amenorrhea of 16.4 months among
rural Matlab women aged below 30 years with surviving

infants (Chen et al., 1974).

An examination of Tables 5.2 and 5.3 reveals that the
estimates of‘ Moy, Mo, énd. mso for bSth the 1965-69 and
1970~74 first marriage cohorts are higher for wurban ghan
ryral women, for women with at least some schéoling than
- those with no schooling, and for ﬁon~Muslims than Muslims,

The differentials in mean ' first passage ‘time from

!
\ \



- Bangladesh, 1978). Rural-urban differential in the mean
first passage time from susceptible state to pregnant state
is found to be more pronounced among women in the 1970-74
cohort (the mean first passage time is almost three-fold for
urban women compared to their rural counterparts):‘This has
probably ensued from the fact that about 6 per cent of rural
women as against 23.4 per cent of urban women in the 1971-75

first marriage cohort were reported to have ever. used any

contraceptive method (see Table 2.5).

It is to be noted that both the estimates of m,,, and
Mso are highly ‘influenced by the duration of postpartun
amenocchea which in turnis largely ‘affected by the duration
of breastfeeding (Bongaarts, 1983; Billewicz, 1979; Van
Ginnenken,.1977; Buchanan,;}975). This is because suckling.
of infant stimulates secretion of prolactin E@om the
pituitary gland which not only plays an important rol?\ in
milk prqduction but also have a direct inhibitory effect on
the release of gonadotrophinswwﬁiéh initiate resumption of
menstruation (McNeilly, 1979; Buchanan, 1975). Available
evidence suggests that, for developing countries,. the mean

duration of lactation is generally higher for rural than



that they would be higher for non-Muslims than Muslims. The
estimates of m,, and ms, for both the cohorts of women
classified according to various social backgrounds are found

td support the above hypothesis.

Pronounced rural-urban differentials in both m,o and
mso are observed for women belonging to the 1970-74 gohort.
Unusually high values of both m,, and ms, for urban women in
the 1970~74 cohort compared tb their rural counterparts ‘may
be attributed, among others, to the following factor: The
mean” duration of postpartum amenorrhea following a live
bi;th, which has been assumed to be 19 mbnthé irrespective
of social b;ckgrounds of women in the eét;mation of both Myo
and mso, is expected to be lower than 19 months for urban
women because of the relatively lower duration of
breastfeeding among urban mothers who generally have hi@her
educational and employmeht‘opportunipies ogggide home, and

have greater use of breast milk substitutes.



of women in these cohofts. Mean recurrence time for pregnant
state (m,,), i.e.L mean conception interval, is estimated at-
32.0 months for thé 1965-69 cohort and 32.7 months for ‘the
1970-74 cohort. On the other hand, the estimates of mean
live birthlinterval (ngs) are found to be 33.6 and\ 36;0
months for the li965569 and 1970-74 cohorts respectively.
Since all conceptions do not generaliy lead to live births,
mean conception interval is expected to be lower than mean
live birth interval. This is because of the fact that the
duration of postpartum amenorrhea following a non-live birth
is smaller than that following a live birth. Although the

estimates of mean conception interval for both the cohorts

are found to be lower than the corresponding mean live birgth
/

PN
we
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A » ' " A /
interval, the difference between mss and m,, in the case of
,1965—69 cohort 1s unexpectedly small. One of the plausible
reasons for this may be the relative under-reporting of

non-live births amohg women in the 1965-69 cohort (see Table

A1)

Using the stochastic ~model developed by Perrin and
- Sheps (1964), Chen ‘et al. (1974) have estimated the mean

conception interval at 28.7 months and mean 1live birth
* }

i



Asymptotic

, Selected m,, Fertility
Rate per
Characteristics Moo My Mg s Woman
A ALl 1.20396 2.66798 2.79870 0.3573
B Place of Residencet .
' Ruralw 1.20633 2.65725 2.79188 0.35818
Urban" 1.32212 3.08191 3.32991 0.30031
C Level of Schooling :
No Schooling 1.18206 2.57607 2.66647 0.37503
Others 1.34045 3,07122 3.30818 0.30228
D Religion ‘
Muslim 1.21346 2.68671 2.81226 '0.35559
Non-Muslim 1.22544 2.71310 2.88035 0.34718
. ‘ |

Source: Estimated from the BFS, 1975-76.

tUnweighted.

qu‘



Asymptotic

Selected fi,, Fertility
- Rate per

Characteristics Mo o My Ms s Woman

A All 1.22203 2.72255 2.99616 0.33376

B Place of Residencet : ' : :

Rural 1.18252 2.62094 2.91650 0.34288
Urban 1.79963 4.32620 4.58849 0.21794
Y .

C Level of Schooling "t ' \
No Schooling 1.18779 2.60617 2.89587 0.34532
Others 1.30653 2.98532 3.24173 0.30848

L

D Religion ﬂ ‘ o |
Muslim 1.19180 2.63863 2.8721%1 0.34818
Non-Muslim 1.41790 3.27019 3.75879 0.26604

Source: Estxmated from the BFS,

tUnweighted.

1975-76.



and mss derived in the present study are -not strictly
comparable to those for Matlab women mainly because of;the
ages of women in the two studies are different, and Matlab
Thana represents only a small area in rural Bangladesh.
Névertheless, the estimates of m,, and mss for rural women
in both the cohorts are higher compared to those for Matlab
women,'with the exception of Ms 5 for the 1965-69 |cohort.

Apparently higher estxmates of m,,4 in particular, fjpnd in
the : present study may partly be attributed to the
under~repoftiqg of non-live. births among women in the BFS as

pointed out earlier. ‘ : o ,

’

Both the estimates of'm?,‘and*mss ére expécted to be.
positively related to the practice of éontraception and
.negatively related to ‘the' duration of lactation. As
discussed in the preceding Section, the use of codnfraception
'is. higher while ;he duration of lactation’is lower among
urban than rural women, among women with at - least some.
schooling than ;tﬁose with no formal schooling, and among
non-Muslims than Muslims; Thﬁs it may be ‘hypotheéized that
both m,, ana mgs would be inVersely associa;ed with the
levels of education and'urbanization, and that‘tiey Qould be
. higher for‘ non—Muslims‘thaﬁ‘Muélims. ThexesfimAEes'of both

m,, and mss derived in the present study are consistent with



1970-74 cohort.

Ao s o
N <o

5.5 Annual Fertility Rate

_ The model estimates of annﬁql fertility rate per- woman

4
based on the reproductive experiences of 1965-69 and 1970~74

‘flrst marriage cohorts of women are found to be 0.375 and

\

|

h .
03334 respectively (Tables“s. ‘and hs 5) ..'Assuming the

N

| average blologxcal reproductlve span ef Bangladesh1 women to
be 25 years, with age at menarche at 1% years and menopause
.at 40 years and this span is lowered bﬂ’about 4 years malnly
because of widowhood, the effectlve {eprOductxve perlod is
estimated at 21 years (Chen et al., 1979). Thus based on the

'and 1970-74 first

reproductive’ experiences of 1965-69
marriage cohorts, the number of live bi th thaE would be‘

|

r
. - - |
borne 'by an' average Bangladeshx womaT are estxmated to ‘be

.57 (0.357x21)° and 7.0 (0 334x21) espectlvely These

estimates are eguivalent to the convend onal total fertllmty
rate (TFR). Despite the various simpllf ed assumpt1ons, the

model estimates of TFR derived in the [present. study for the .

r
a
i
|
A
|
P
e

1965- 69 and 1970-74 cohorts are in clos agreement thh the

I

ad)usted estimates of TFR ‘for the"perlods 1966-70 and

1971-75 'pespeCtively .obtained . by uang “the Gompertz
) , N -_ \ -

relational model (see Chapter 2).

| However, the above




-change in the levels of fertilitf\,ln ~Bangladesh over the
past remains somewhat contentxous, although several
“natlonally represen;atlve studles conducted durlng the 1960s
and early '1970s’ Jnvolvxng dxfﬁerent methodologies document
slight but irregular‘fertility decline.(see Table 2.6). For
example, discussing the ' apparent‘ declining trend in
“fertility‘eQidenced by the National Impact Suryey, 1968~69,
'Chen‘.etl al, »(1979‘ 6) conclude that‘ltw]hile a decline in
"fertxlxty mév h%ve occurred in the ten years precedxng' the‘
Impact Survey, it seems likely that the extent of any true 
»decllne was overestxmated by the survey, and it is ’'possible
that there was  po decllne at all“. Arthbugh fertility'in
Bangladesh is found to have declznéd durxng ‘the early half
of the 19705 attrxbuted .mainly to the dzsruptxons caused by
the 1971 war of llberatlon and the 1974 wxdespread famxne
this deqlzne mxght probably ‘be only temporary and fertxlxty
"m1ght revert to zts prevaUS roughly constant trend (Amin
'V'and Faruqee 1980) Evidence. |, from’ the vltal regxstratxon
\.data in Maﬁlab Thana has 1nd1cated that . the TFR has_ been
| rxslng s%rce he year 1975 (Ruzxcka and ChowdhuryN 1978a
1978b' Chowdhury and Shelkh 1980)f Thus it ‘may. be -argued
"that 'fert111ty ‘in Bangladesh was probablg constant in the

\

past ‘with‘ some fluctuations and it<'might‘ probably be

,constant for at least some short period 1n the futures



fertility is generally higher than that of the followers of
otger major religions - (see, for example, Cocgfane,
1979, 1983; Rodriguez and  Cleland, 1980; Chaudhur&, 1984;
Goldstein;L 1972; Stycos, %967; Kirk, 1966)f The pléusible
reasons underlying the differentials ‘ip"‘ferti;ity for
-various sub-gtoups of population classified according to the
levels off,education, place of. residence; and’ feligious‘

.

‘affiliation are suggested as follows:

p——

Formal education tends to depfess the‘\ level  of
cfertiiity by raising the ege at marriade,,by‘reducing the,
desited family size with ~an ihcreesed awareness‘ of
‘substitutingk ch11d quality for numbers, by hxghe:
iaspxratxons of the standards of lxvxng, by providing better
understandzng of the process of reproduction and greater
access to modern methods of contraception, and vby, allowing
for  better husband-wife  communication in 'cﬁildbearing
decisicnjmaking. Furttet, educated mothers ere expected to
take‘ bettet pre—natal and post natal care wthh reduce the

chances of 1nfant deaths. This in turn’' may result in  the

reduction of the desire for more children.

Urban1zat10n also tends to affect fertility negatively
attributed maxnly to . the availability of‘ better

contraceptive supply and services,‘ 'better  schooling’

T .
]



\

to have bette: survival prospects of children to adulthood

which might have depressing effects oh fertllxty ‘ Also

N

relatively higher . costs of food and houslng in urban areas

-

1are likely to havg negatxve influences on fertility..

The factors favouring high fertility émong ﬁuslims than
non-Muslims' are suggested as: »Islam encourages eafly
marr;age and wuniversality . of marriagé; Most followers ;f
Islam tend‘éofmaintain that a ciild is born according to the
ﬁisﬁeé of' Goé and it is- the Gos‘who will take care of the
weli~bging\6f ‘the child and thus bhave an unfavourable

atﬁitude towards the practice df'contraoeptionA The majority

‘of Musiim women observe the seclusion of purdah, often

confined to the household and are often poorly educated.

Ankéxamihation of Tables 5.4 and 5.5 rev;als that the
moéér Pstlmates of fertility for the 1965-69 and 1970-74
flrst marrzage cohqrts of women are higher for rural than
urban wqmén, for women wifh no SChoolnng than those with at
leaﬁt soﬁ§:§éhooling, and for Muslims ﬁhan non-Muslims. Thus
'feréility ‘differentialg for both the cohorts of women
"classified according to pléce .pf fésidence, levels of

schooIiﬁg apd rellgxon are consxstenb thh those documented

in most of the other studles. It is xnterestzng to note that

’tthé‘ rpra;furban and rel;glous diffentials in feftlllty are



that during the period of liberation war (which continued .
for about 9 ménths) urban areas were more ,affected by  the
social digruptions than rural _areas and the .followers of
Hinduism, who férm the vast -majority of nod—Muslims} were
mostly affected by the disruptiéns and a large ﬁﬁmbéf of
them had to take refuge‘in neighbouripg India during the

liberation period.

To  sum up, the eStfmates éf‘ fedundability,‘ mean
duration of- postpartum , amenorrhea fOllOWing a live birth,
mean‘éoncgptioh‘and live birth intervals derived in  this
chaptér by the appiicatiqn of the model are not ogt of line
with those found for MatiablThana.‘The model estimates, = of
TFR' obtained in this studi also agree with ghosE fbund‘py
employing the Gompértz'felational model. Mo}eover, fertility
diffgrentials by place of residence, ‘educatfoq, and
religious affiliation are in the expected: direction as
' aocumented in ﬁost of other studies. Aithough the goodness

of fit of the model couldfhot be tested statistically, the

agreement - of the'résults‘de:ived by:the application of the

model with those qf other studies seems to éodfirm the
general validity of the model. ’ S

»



6.1 Major Findings

- 2

This thesis has attempted to develop a stochastic mode 1

\| . N . .
to study the fertility patterns of marriage cohorts of women
in terms of conception intepval, live birth interval, and
annual probability of the occurrence of ,a 1live birth.

N } o ) Lt
Differential fertility patterns by rural-urban, educational

"épd .religious baekgfounds of Bahgladeshi women Qavqpbeen

investigated by applying the model. The source of data
N v ' | . , " , . "
employed in this study is the Standard Recode File BD.. SR03

|

~and the Individual Recode File .-BD. INO1 created :frpm‘ the.

' Bangladesh: Fertility Survey, 1975-76 conducted under the
o : ' ) N

auspices of the WOfld Fertility Survey. ' o !

|

\

Total fertility rates for Ehé‘pepiods‘0~g, 5-9, and

10~14 years preceding the survey are found to be 6,10, 8.27L
and 8.02 regpecﬁivel§} Reported fergiliﬁy is&found Fovﬁave
declined Subéiantﬁei}} during the period“0%4 ?yeats, before
cﬁe ééte of the euery;thether Fhis deeline was Eealler an

artifact of the quality of data caused by the mi%placement

of dates of birth of women ‘and their childfen, or/andf
v " |

omission of births is a difficult question which cannot be

Iresolved'conclueiVQIy. However, the 1971 war of independence

and the 1974 food crisis associated with heavy monsoon

‘flooding ‘and crop failure,'fwhieh might have reduced the

”

. proportion of women vulnerable to conception, -may partly be o

e

110
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n
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| The observed fertility rates in the period 5-14 years
preceding the  Ssurvey are somewhat exaggerated, a feature
mainly associated with the misplacement of earlier births

forward and recent births backward in time while reporting
\lv ' Bl

thﬁf‘events. Reported fertility rates beyond 15  years
preceding the survey ‘are wunreliable bécause the birth

_history data in the relatively distant past are more likely

r 0
\

"to be affected by various response errors, particularly
’,;;‘:“,V '

/' omissjons and misplacement of events.

I —

'~ A stochastic model of human fertility is developed
under certain assumptions regarding socio-biological factors

that = influence reﬁroductive behaviour. Expressions for the

distribution of intervals between- successive outcomes of

pregnancy, expected number of various possible outcomes of

y W T ‘

pregnancy occurring ,to an woman ;uring a specified period of
i R ! .
- time, and the annual probability of the occurrence of a live

» birth "have. been derived from fundamental probability
consideration.

.‘!‘l L "” ,-‘ . . .



ceimmmmm —m saie cwarug muAu SUAGLLEU X1 LULD

study. Although fertility patterns and differentials are

stu@ied using the data on the estimated first order

conceptions océurred to these cohorts during the first 12

months since first marriage, the model takes care of

subsequent conceétionS\after allowing for the duration of
b

postpartum amenorrhea following the termination of each

pregnancy .

,

Fertility patterns and differentials are studied for
the 1965~69f and -1970~74 first marriage cohorts of
Bangladeshi women in terms of mean waiting time to
éonception,‘ mean coﬁception interval, mean live  birth
interval, and anphﬁﬁﬂprobability of a live birth. A woman in.
the 1965-69 coho{}ﬁ&@éits on the average 6.9 months to
conceive while tge éofresponding wait for a woman in the
1970~74 cohort is estimated at 6.6 months. Mean conception
‘waits for both the cohorts, though not marked, are found to
be longer among rural than urban women, among women with no
schooling than those with at least some scholing, and among

Muslims than non-Muslims. Lower mean ages at first marriage

for rural, illiterate, and Muslim women as compared to their



\

-

first passage‘ time from nonpregnant to pregnant state for
the 1970~74 cohort as compared to that for the 1965-69
cohort is consistent with the observed lower fertility of
~women in the 1970-74 cohort, as tuhe mean first passage time
f rom susceptible to pregnant state is assuﬁed to be
negatively related to fertility. Although the estimates of
mean first passage time from susceptible to pregnant state
chould be consistent with those of the mean conception wait,
the discrepancy (estimate of mo, for the 1965-69 cggopt'is
lerr whereas the mean éénception wait higher compared to
the -corresponding estimate for the i970~74 cohort) may have
ensued from the different procedures of ‘their estimation.
Estimates of mean ‘conception wait were obtaineé from the
reported first order conceptions only during the first 12
months since first marriage whiie those for mo, were derived
using the model which takes /ﬁ;ﬁ%o consideration the
distribution function of waits at various staées of the

model and is not limited to first order conception alone!

e

The estimates of mean conception interval (m,,) are

found to be 32.0 and 32.7 months for the 1965-69 and 1970-74



under-reporting of conceptions terminating in non-live
births, Based on the available evidence, it may be
hypothesized that the mean conception wait, mean conceptién
interval, and mean live.birth interval would be higher.tor
X .
urban than rural women, for women with at least some
schooling than those with no schooling, and for non-Muslims
than Muslims. Estimates of mo,, m,,, and msys for both the

1965-69 and 1970-74 first marriage cohorts of women obtained

in the present study support the above hypotheéis,

Based on the feproductive experiences of 1965~69 and
1970-74 first marriage cohorts of women, ‘annual. fertility
rates  per woman are estimated at 0.375 Agnd 0.334
respectively. Assuming the effective biological reproductive
lifespan of aﬁ aQerage Bangladeshi womén to be 21 y;ars, the

" number of live born children that would be pfoauced by an
average woman (which is equivalent to the conventional. TFR)
are estimated to be 7.5 for the 1965-69 cohort and 7.0 ' for
the 1970-~74 _cohort. If fertility of Bangladeshi wome;\is
assumed to remain)roughly constant, the modél. estimatés ‘ofs

TFR for the <&ohorts may be considered to be equivaledt to

the corresponding period estimates. The model estimates of



ailag  eaucarvaion, ana musliims pave. nhigher Tertlility than

non-Muslims as documented in most of the . other studies on

:

fertility differentials.

\
6.2 Methodological Implications

The stochastic model developed in this study may

previde insights  into  the interactions of various
socio-~economic and biological factors and their influences
on fertility rates. For @nstanee, the model may help in
exploring the influences of contraception, pregnancy wastage
(including iqducé%’abortion),'end_prolonged lactation, and
interactions between these(facths, on the distribution of
intervals between births and the expected”number of births. .

Insights gained from the model may contribute to an improved

basis for predicting chaﬁges in fertility patterns.

\

¢

One of the most important implications of the model is
: <

its potential contribution to the _evaluetion of existing
population poliqies. Appropriate results derived from the
model may provide a useful means of exam1n1ng the possible
changes in fertility rates which max be expected to result

from changes 1n the-practice of contraceptxon or changes in

abpéZzon rates. The model applied to various groups of women



completely realistic, the results may provide n an
improved basis for predicting the possible effects of
specified éhaﬁgeé in reproductive behavior, whether or not
these changes result from planned public policy™ (Sheps et

al., 1969: 178).
6.3 Policy Implications

‘Some findings of the present study merit consﬁderation
from the standpoint of poliéy implications for' fertility
'regulation in Bangladesh which faces a serious :problem of
population growth vis-a-vis socioeconomic underéevelopment.
The followiﬁg polic? recommendatioﬁs may be sﬁggested, based
on the findihgs of this study, with a view to diffuse wider
use of contraception that may lead to .the- reduction in

fertility.

% . .
For a traditional, predominantly rural, Muslim, .and

premodern agrarian society where a vast majority of thé'

population are illiterate, attention should be focused on

the need of providing educational facilities to the people,
particularly to :he Muslim females in rural areas. The
guestion naturally arises: what are prospects of expanding

educational opportunities? Is it possible for the economy of

0
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introduction of some kind of nonformal functional education.

A
.

.Less expensive nonformal educational programs of utilitarian

nature, especially for rural Muslim women through creative

use of mass media, and voluntary associations are likely to

pfovjde general enlightenment and this may lead to wider use

of contraception. Such programs may .also ptovide skills for

N\

productive worn and racilitate participation in natibnal

planning and development.

AN
‘. f

Along with the efforts to improve educational status of

women, there is a need for taking steps, especially through
mass ' media’ to bring about changes in social attitudes

towards women. In Bangladesh, women are socialized ftom

childhood to be mainly mothers, their activities outside the

L) : )
home are very limited, and they are considered subservient

to their male counterparts (Jahan, 1975; Chaudhury; ]984)L
NOreover,.gifls are eﬁpnomicaily‘less valued than boys in
the family and the prevailing socioﬁreligiéus‘EUstoms in
Bangladésh present strong'cohstraints against later age at
marriage for them. Thus effortg' must be made to éhange
.socio’cultural norms and traditions which disparagé the

- value of women. Various programs aimed at creating

alternatives to childbearing (e.g., employment opportunities

1 -~



The present study has been affected by a number of

2 limitations. The stochas£inmoaelﬂdgveloped in this study is

highly simplified and lessi-féalistic .in some respects.

Various results deriyed'for‘”£he' modei are valid for an

individual female for whom the model can be assumed to hold!

Hence the results afe _applicable only if ‘the female

population . is hdmogéneéus wiﬁh rgSpect. to all the

characteristics under consideration. Although the two recenF

' . !

| five-year first marriage cohorts considered in this. study

are homogeneous Qi;h respeét to marital duration, there are:

age, socioeconomic and other backéround diff;rences among

the members of these ‘cohorts. Howevér, the cohorts

classified according to placeyof?residenqed gducaéional, and
O ! . '

";eligious backgrounds of women may‘ be considered to' form

L]

" relatively mote homogeneous groups.

e

]
H

‘The model involves, some Strong assumptions. It assumes
that the probabilities of ‘éohception,“liVe‘ births,
}stillbirthg, ébortions, and the “fénéths oft gestatfon and
postpartum infecundable ’ periods | are - cdonstant for an
individual female regardless of age and parity. This is, in
general, not true.. For exampl?,J the‘ propabjlity of
cdnception for a given woman, though may be taken to be

cénsﬁant for a relatively short period of observation, is a



around 13 years, " the probability of conception for déyly
married females depends heavily on the'age at menarche. TheA
probabilities ' of 'conception terminating in non-live bifths
may also be functions of age and rank orden of ~pregnancy of
a woman. Moreover!.éhg prébabilities may va}y among women in
~a given marriage cohort. Although {f‘is .Very difficult. tQ'
overcome .the above ‘1imitaﬁibns, one\éoyld minimize these

limitations by applying the modél‘fo the .marriége ~ cohorts
gontroliing for‘ége and order of conceptions of wbmen. This
could not be done in the Prgsent study because of thé
smaller sizes of the marriage cohorts and.fewe: reported
conception5 higbef‘than the first ofder do not justify using

iy

the age and the order of pregnancy as. control variébléél
f - ' ! .

' ’%hg model assuhes constant durations of gestatioh ‘and
postpartum ' infecundab}lify for each type of pregnancy
6utcomés.'This is not always”tfue. éor instance, ' postpartum
ninfecuﬁdabili£y, following a bfemature‘ livé birth may Ge
shorter than that for a full term live birth because there
'is an increased psobabiiity of neonatal death for 5
preméﬁure live birth which"ﬁay beAExpecxea to: résult 'in a
shorter period of brea#tfeedihg. However, this may be

overcome by subdividing the live birth state 'into two states
' ‘ i ' . §

- prematuie.livé birth state and full term live birth state.



An important 11m1tat10n of the present study is xmposed
by flttlng the model 'to the data on first order conceptions
ocaurring to the cohortS’bf newly married females, during a
short fraction of their Eeproductive’ period ighoring
ttuncation effect. Thus results derlved in this study may
serve ‘as approxlmatxons to the actual reproductive procéss
of a group of women during their early years of marriage,
Further, ‘this study does not take into consideration such

)

factors as age at meparche (which is important in the case

-of Bangladesh), and the use of contraception. Moreover, the

imputation of dates of events for ~a vast majority .of

respondenfs‘ QES% vere ufijable to report these dates in
calendar years d months mig

results derived in this study.
A ‘

have some effects on various

"

Due‘to lack of ‘daté, mean waiting timg in various
states  of the _modei befofe a direct transition to next
possible state is assumed to be the éame for all women in a
marriage coho;t | irrespective of their background
characteristics. For example, mean wéitfng time since the
termination  of pregnancy in a live birth until the
:es:mptioa of ﬁvulat{on (which debends on the ‘duration of

lactation) 1is assumed to be 19 months for all women in a

marriage cohort. This 'assumption is .not tenable because

»



differential fertility patterns by some important background
characteristics of women, such as age at firsg marriage,
labodr force participation, use of contraception, etc. which
have consideraﬁlevpolicy relevaﬁcé could not be studied,

—~—

Thus if a study of fertility patterns using the stochastic

model is to be carried out in future, there is a ”eed for

conducting van- specially deéigned sample survey for input
data. ﬂlternatively, one may generate detéiled data ‘of human
reprdducﬁive ‘histories for a marriage or birth cohort of
women through Monte Cafld simulation. A - comparison of the
results derived by the application of the stochastic %odel
with those 6btaiﬁed through Monte carlo simulation may be
useful fof‘ investigating  the dynamics of cdnception and
birth intervals. - 2
, )

The stochastic model developed in this study does not
explicitly involve ‘the proximate determinants thr;uéﬁ\ which
‘socioeébqomic, cultural, and‘enviponmental factofs opefaﬁe'
to'influence‘ fertility patterns. One problem' of future |
'réseafch is‘tOAincofporate the proximate variablés @nto the
modél. Infant mortalitf wﬁich influences the biological uéﬁd
behavioural aspects of human reproduction should also be

incérporated explicitly into the model. -

'
A
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FREONANCY HIXIUNT 1ABLE

308 INTERVIEWER: USE ONE,ROM OF THE PREGNANCY HISTORY TASLE FOR EACH PREGMAKCY,
STARTING WITH THE FIRST A0 PROCEEDING CHRONOLOGICALLY, (THAT IS, THE FIRST
PREGNANCY [N THE FIRST LINE, THE SECOND PREGNANCY IN TNE SECOND UIE ......
UPTO THE LAST PREGNANCY), IF WINS USE ONE LINE FOR EACH ANO COKNECT NITH

A BRACKET AT THE LEFT, o

THE FOLLOWING QUESTION SEQUENCES ARE TO BE ASKED TO RECORD PREGNANCY
HISTORIES FOR THE FIRST SEGMENT, THAT IS, THE INTERVAL BETWEEN MARRIAGE AND
THE FIRST LIVE BIRTH. ,

1€ RESPNDEKT HAS HAD ANY LIVE BIRTH:

309, ﬁou I want to ask you some questions adout each of your pregnancies, that
1s each live birth, each still birth, each -hcnrrhge and each abortion,
If you have had any of these or any children who have died or who live auy

from home [ would 1ike to tnw about thea. .-

Mhat {5 the qu of your first bady born alive , )
o (rame]
310, After you (fir3t) Were marT1ed and befOre. ... .smansnnnnnanannsnand(neee)
was born, did you huve any other pregnancies? :

Yes m ‘ . N0

NOW ASK 319-323 AND RECORD FOR THE ENTER THE MAME OF FIRST LIVE

. FIRST PREGMANCY, REPEAT 319-323 FOR BIRTH UNDER 313, ASK 315-318

EACH PREGMANCY UNTIL TME FIRST LIVE AND RECORD,,

BIRTH IN THIS INTERVAL. THEN REPEAT ' ’ :
NAME OF FIRST BABY BORM ALIVE UNOER S - ‘ ,
313 IN THE NEXT ROM, ASK 315<318 NOW ASK 313 AND 314 AND o
AND RECORD. ACCORDINGLY PROCEED IN THE REXT

/ _ ROM TO EITHER 315-318 OR 319-

NOW ASK 313 AND 314 AND ACCORDINGLY 323. REPEAT SEQUENCE FOR ALL
PROCEED TO EFTHER 315-318 OR 319-323. | REMAINING PREGNANCIES,

REPEAT seou:ncs FOR ALL REMAINING , . .
PREG(MC!ES : ' o

IF PREGMRCY OCCURRED TO WE RESPNMT In ﬂﬁ PAST BUT ROT liSllTED
IR LTVE BIRTH:

311, Think back to.your first (secood_m,.,m..,..n,em ) prtgnlnq and tell
me about 1€, )

‘ INTERVIEN‘ER* NOW ASK 319-323, REPEAT SEQtE)((I FOR EACN PRiGNMCY .
IF MO PAST PREG’(MCY OCCURRED TO 'mi RESPG'([!NP '

(Skip 6 333) | o o

SQurce: Reproduced from Bangl}édesh—‘—(l978 : C9)
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s

ASK THE KEXT

oK 31—y
AGD (ASK 118) PREGNANCY
ves (1) Beng/Eng YES [1!
| (‘)
GKIP 10 319 [MONTH sov [0l |$ime nexr | renmss
0z 0 YEAR PRE ) |vears
ASK 25-319 | veaws aim, 21 [0 ASK THE NEXT
AGD (ASK 318) PREGUANCY
ves [1] Beng/Eng Tes
(oxip 10 319 | Moin sor [l |{Fnceeer [ronms__
o | v (2] YEAR PREGMANCY) | YEARS
e fsk 35-319 | rears airg [2] |0 ASK THE NEXT
Joe AGD (ASK 318) PREGNANCY
N s [1] Beng/Eng s (1)
of ¥ 6KIP T0 319) | MORTH sor (1] &f’;:cﬁg;’r MONTHS
"loa ., n [z TEAR PREGNANCY) | TEARs
st ro o (2] Ya—
e AsK 315-316 | TEARS GIRL, ASK THE NEXT
o PO AGO (ASK 218) PREGNMANCY
s L ——
ws (1 Beng/Eng gqres [u
(PROCE
GKIP TO 319) | MoNTH sor [l PR HoNTHS
Jos " TEAR mmﬁ;jr) YEARS
» Ak 15-318 | Years air (2] {™ ASK TME NEXT
. AGO (AsK 318) PREGNANCY
ves (1) Beng/Eng YES
A . ‘ (PROCEED
* GKIP TO 319) | MONTH sor (i | {0 - Jrowms
06 w (2] VEAR PREGRANCT) | YEARS
- — no' [2)
AsK 315-319 | VEARS cir [2 ! ASK THE NEXT
A — —. (ASK 318) PREGNANCY
- i ves (4 8eng/Eng ves [1
GKIP TO 319) |rONTH sor [1] 3:"}2‘5521 MONTHS,
07 w (2 YEAR ' PREGUANCY YEARS
HO T
RSK 315-218) |VEARS eir [2) . ASK THE NEX
AGU (ASK 318) PREGNANCY

Source: . Reproduced from Bangladesh (1978 : Cl0)
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P CT |€J|WITH NEXT | WITH NEXT| WITH MEXT
. [ASK leb‘" PREG) PREG. PREG. : DD]:DDG{:;”:D
MONTHS. . ... O[D Yes [;L 8OY E] ves 1]

skip 10— | (ASK J22) -

1) 7 0R_[NO .
Ao ... ol @Li{i‘ﬂ@h b P 32 34 35 ERTRTIT
| (ASK 321 | PREG B Xy PATH wExT
Beng/E LESS THAX 7 -
N;«“?}/tsng Yes [g sor [i] |wes ]
YEARS. .. ... (5kip v~ | (ASK 322) :

, gz:) 7ToR |[NO GIRL no J:DD [I:]Dj
VEARS MORE PROCEED | PROCEED 45 47 A8 525354 5
AGO. ... ... g]ﬁ [REXT | METH KEXT| WLDCREXT

(ASK 12 ) . REG,

" Beng/t LESS THAN 7
HONTHS .. .. 'JH YES @ BOY [ﬂ ves i
- (sx1p N(O*S‘( . 2) :
323) 7 0R _
YEARS MORE :‘! 3] Q]- c e ﬂ! C§ ” .
{ASK 32 PREG) PREG. PREG,

Beng/Eng  |LESS THAN 7
mN?NS.?... Jﬂ Yes [;_2] sor i ‘{res 0]
(skIp 2) .

ASK T
YEARS. ... ( vy 2] |wo [ T
TEARS , 323% 7 OR _[NO \ .' HJD 30
AGO.. . .\sne 2 '
e ol
YEARS .., ... sKIP
3) 7 OR
YEARS
AGO, .. ..... AORE
a ASK_321
Beng/Eng  |LESS THAN 7
MORTHS,, , .. .
YEARS. ..... ssnr
23) 7 OR
YEARS
A ... ""“g
{ASK 32

Source: = Reproduced from Bangladesh (1978 : Cl1)



Since

First Live Still- Abortion Live Still- Abortion
Marriage birth birth birth birth
0 11 1 - 14
1 5 1 - . 12
2 20 2 - 18
3 20 - - 20
4 22 1 1 19
5 21 - - 19
6 9 - - 23
7 21 1 - 15
8 30 - - 20
9 20 - ~ .20
10 21 - - ' 18
1 14 1 1 19

Total 214 7 2 217 -8 12

!

/

/

1

Source: BFS, 1975-76 T



Months Pregnancy Outcome * Pregnancy Outcome
Since —
First Live Still- Abortion Live Still- Abortion
Marriage birth birth birth l.)irth

13
15

I S B
]

)
]

15

16 1 -
24 ~ ~
15 ~ ~
17 ~ -
[N 1 o 1 -

— O VWX INANPLWN—=-O
~
1]
) )
BRI WOOAN WM
]
)

o]
O
N
w

Total 160 6 1

Source: BFS, 1975-76  \



Kxuraiud urban

Months Pregnancy Outcome Pregnancy Outcome
Since - —4
Ficst Live Still- Abortion Live Still- Abortdon
Marriage birth birth birth birth '

0 10 1 1 7 - 1

1 8 2 1 . 8 - -

2 14 1 1 3 - 1

3 14 1 2 10 - -

4 12 1 1 12 ~ -

5 13 - - 9 - -

6 17 - - 9 - ~

7 9 1 ~ 11 - -

8 ’ 14 - - 11 - -

9 15 ~ - - 5 1 -

10 13 ok - 6 -

11 14 - 3 8 -
Total 153 7 9 99 1 4

Source: BFS, 1975-76"



-t No Schooling Urban

Months Pregnancy Outcome Pregnancy Outcome
Since , :
First Live . Still- Abortion - Live Still- Abortion
Marriage birth birth -, birth birth
0 7 - - 4 1 ~
1 4 1 - 1 - -
2 N - - 9 2
3 11 - ( 9 ~
4 ‘ 15 1 1 7 - ~
"5 12 - - 9 - ~
6 5 - ~ 4 - ~
7 13 , - - 8 1 -
8 19 -k ¥ - -
9 16 -~ - 4 - -
10 16 - . 5 ~ -
1 12 1 By 2 - 1
Total 141 3 1 73 4 1
B

Source: BFS, 1975-76
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" No Schoolihg ‘ Urban

Months Pregnancy Outcome Pregnancy Outcome
Since . : - .
First Live Still- Abortion Live Still- Abortion
Marriage birth birth birth birth

0 8 1 1 6 - 1

1 6 2 2 6 - -

2 8 1 1 10 = -

3 5 1 1 15 1 1

4 10 - 1 9 1 1

5 14 - - 5 - -

6 14 - - 9 - -~

7 12 1 - 3 = -

8 13 - - 7 ~ 1

9 13 - - ' 7 - 1

10 9 - - 9 - -

1 14 - 1 5 - 2
Total 126 6 7 91 -2 5

Source: BFS, 1975-76



Religion

Muslim o Non-Muslim
"Months Pregnancy Outcome Pregnancy Outcome\
Since | ' -
First Live  Still- Abortion Live Still- Abortion
Marriage  birth bicth ‘ birth birth
0 9 1 -~ 2 -
1 4 1 ~ 1 - -
' 2 .17, 2 - 3 - -
3 16 - - 4 - -
4 17 Co- 1 5 1 -
5 18 ~ ~ 3 ~ -
6 ‘9 - - -, - -
7 16 1 - 5 ~ -
8 24 A - 6 - -
9 16 - - 4 - -
10 18 - - 3 ~ -
11 \\\+1\ ] - 1 - 1
i N
. ' Al \‘
Total 177 6 1 37 . 1 1
Source: BFS, 1975-76 C\

Al

o\



Religion

Muslim Non-Muslim
Months Pregnancy Outcome : Pregnancy Outcome
Since ‘ -
First Live Still- Abortion Live Still-. Abortion
‘Marriage bifth birth . birth birth '
0 10 1 2 4 - -
1 8 - 1 T4 2 1
2 13 1. N 5 - -
3 18 1 2 2 1 -
4. 16 1 - 3 ~ ~
5 15 - - 4 - -
6 19 - - 4 - -
7 14 1 ~ 1 ~ ~
8. 17 - 1 3 - -
9 15 ~ ~ 5 -
10 13 - - 5 -
1 16 ~ 2 3 - 1
Total 174 5 9 43 3 3
ad

'Source: BFS, 1975-76



First Marriage Cohort

Characteristics ' 1965-69 197074

A All . . 12.73 13;90
; ] ' ‘
B Place of Residéence
Rural 12.65 13.78
Urban 13.62 L 15.04

C Level of Schooling ‘ o

No Schooling ‘ .12.53 K 13.63

~Others 13.28 L 14.38"
D Religion - . y

Muslim | 12.70 ' 13.78

Non-Muslim - 12.87 . . 14.55

e
Sou;ce& Computed from the BFS, 19751;;; ‘

Iy
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f

Cohort

1965-69 1970-74
. Mean Survival Expecta- Mean -Survival Expecta-
Character- Age ' Ratiot tion of Age Ratiot tion of
;stxcs Lifet . Lifet
A All: . 15.23 .99599  45.88 ©16.40 .99544  44.93
l‘h‘ .o .
B Place of Residence ™ -
Rural ‘ 156.15 .99602 45.95 16.28 .99553 45,03
Urban 16.12 .99564 45.15 17 .54 .99462“.44.04
C Levég of Schoolxng
' No . ‘ ) n
Schooling 15.03 .99604 ' 46.05 16.13 .99564 5.15
Others " -15.78 .99526  45.43 16.88 .99510  44.55
D Relxgmn : e o , :
Muslim = ! 15.20 .99586 ' 45.91" 16.28 .99553  45.03
Non~MuslAm 15.37 .99568 45.77 - 17.05 .9%9497 44 .41

&
A

. .

e

s

)

TComputed from model life table for Bangladesh females (Census.

Comm1551on 1977 ¢ 91-92) .

»



So

[ 0.78646
0

0.99599
0.99599

0

0.77537
0
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0.99599
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0
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“s'

Sa

S,

Se

So
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0

0.99553

. 0.99553

0

[ 0.62253
0

'0.99462

1 0.99462
0.99462
0

Se
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Sh
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0
0
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0

0
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0

0

0

0

0

Sa

.04124

.00957

0
0.90128
0
.O‘

0‘

0

0
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S,
S..»
" Sa
Sy

Sa

0.99604
0.99604

0.99604

0.73299
0

*0.99524

0.99524

0.99524

0

\

0.26225

0

0

0.00687

0

0 .

0

0

. Others

0

0.01276

0.02061
0

0
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0.96856 0.00396

0

0

0

0
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0

0

f
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0
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