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JAG MOHAN SEHGAL. Indices of Fertility Derived From Data on The

Length of Birth Intervals, Using Different Ascertainment Plans.

(Under the direction of H. BRADLEY WELLS.)
Birth intervals have recently attracted considerable attention
because of their possible use
(1) as sensitive indices of fertility which could reflect
the early effects of contraception in a society, or
otherwise measure changes in the level of fertility, and

(ii) to understand fertility patterns and differentisls.

Birth intervals, however, have different distributions wnder
different ascertainment plans and the present study recommends the
ascertainment plans which yield fertility indices which are

(a) sensitive to changes in fertility level and
(b) robust if the only variables changing, if any are
those not directly affecting fertility.

A simulation approach, using the cémputer programs, POPSIM and
SURVEY, is used to generate events to both cohort and cross-sectional
populations, and to measure birth intervals for different methods of
ascertaiﬁment.

The analysis showed that the immediately previous closed inter-
vals and straddling intervals meet the above cfiteria. Open inter-

vals also are good indicators of fertility performance, if these are

measured by parity and age of the mother.
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CHAPTER I. INTRODUCTION

1.1. Introduction

1.1.1. Background

In most developing countries, demographic data for measuring
fertility may either be totally lacking, oi', if available, be very
unreliable.. Stable or quasi-stable popuiati§n methods can usually be
applied to‘available census data to obtain estimates of fertility and
mort;lity under varlous assumptions. The censuses, however, are
usually conducted at 1l0-year iﬁterv;ls,and to get estimates of levels
of fertility and mortality at more frequent intervals, sample surveys
must often be the sources for demographic data. TITnevitably, ques-
tions arise as to what data should be collected.

Implementation of a family planning program is usually followed
by an assessment of the success of the program in relation to fefti—
lity chénges, and it is desirable to have this information as soon
as possible after the program has been in force. Most common ferti—
1ity measures such as birth rates and age-specific fertility rates
usually reflect only large changes in fertility within short periods
of time, and the question arises, therefore, as to whether more

sensitive fertility measures which could be used for evaluating the

family planning program can be found.



.

Birth intervals, in the recent past, have attracted considergbler
attention because of their pbssible‘use‘as sensitive indicesl of
fertility (Srinivasan [1966], Sheps [196L], Venkatacharya [1969],
Sheps and Menken [19704], etc.). ‘Many questions about the properties>
of birth intervals, however, must be resolved before recommendations
can be made for the data to be collected and for survey design, e.g.,
longitudinal versus one-time surveys.-

Conventional fertility measures such as birth rates and age-
specific feftility rates relate to the number of births in a given
time period (relative to the appropriate base), and indicate how

often women have children. The parity progression ratio, which is

defined as the proportion of women achieving next parity, tells us
how many women of a given order ever‘proceed to the next‘parity.
Birth intervals include information about both quantity and timing
and therefore might be more sensitive in the short run. In a-general
sense, birth intervals are simply the inverse of birth rates? but_the
rationale for investigation ofbtﬁéir proberties as fertility indices
is that one of these properties may be an earlier reflection of
change.

Birth intervals may be defined and measured under different

ascertainment plahs. An ascertainment plan for a birth interval

lln & restricted sense, the term 'index' is used as & ratio
showing the value of a given quantity relatively to a base, and may,
therefore, be misleading in describing duration variasbles such as
lengths of birth intervals. In its more general sense, however,
index may be employed for any number measuring a given quantity, and
it is in this context that the term fertility index would be used to
refer to measures of fertility, including birth intervals.




refers to the manner in wﬁich a birth interval is determined. For
exanple, if a survey ié taken at time T, and all births occurring
between (T-y,y), where y is predetermined, are recorded, the birth
intervals can be determined prospectivelyT If, however, births are
recorded for only those women who are alive at survey date T, we
would miss those births which occurred to women who died before the
survey date T, and the resulting birtﬁ intervals would be according
to retrospective ascertainment. These ascertainment plans will be
discussed in greater detail in tﬁe next section.

A brief review of the litefature in the field of birth inter-
vals and related topics is presented next. In order to comprehend
the described material better, soﬁe definitions are given now.

Fertility is defined as the actual reproductive performance of
en individual or group. Fecundity, on the other hand, is the capa~
city of a man, a woman, or a couple to participate in reproduction
(i.e., the production of a live éhild). The lack of that capacity
is called infecundity, sterility, or ph&siological infertility.

Couplés who do not practice contraception during the period

studied are called non-contracepting couples. The fecundability of

these couples is defined as the probasbility, p, of conception in a
menstrual cycle. (More often, one month is preferred as the dura-
tion of a menstrual cycle, because of ease in mathematical consi-

derations.) Non-susceptible period is the time from termination of

a pregnancy to the next ovulatory cycle.

We shall always mean by an ith closed birth interval, the time

interval between the ith and (i+l)$h live birth; i > O. Thé time




elapsed since ith birth, if no (i+l)th birth has occurred is called

open birth interval. The zero-th closed birth interval is the inter-

val is the interval between marriage and first live birth.

A closed birth interval consists of the following:

a) & post-partum infecund period due to last live birth,
during which a woman cannot cdnceive;

b) a waiting time from ‘the eﬁd'éf infecund period to the
pregnancy leading fo live_bifth;'this mcludes two parts:

(i) ovulatory ecycles,- |

(ii) time added by pregnency wastage.i

c) gestation period of the next live birth.

The asymptotic fertility rate, p', has been defined as the
inverse of mean birth interval.

A woman is susceptible tq‘ihévrisk of having a birth, but this
risk is competitive with risks of sevéral other events. To be able
to bear a child at age A, she must remain fecund until the time of
becoming ﬁregnant, and must survive until age A. She'is, therefore,
subjected to the risks df'mortélity and sterility. In most societiés,
marriage, divorce,Aor widowhood greatly affect the probability of

conceiving and consequently affect birth intervals.

1.1.2. Review of the Pertinenf Literature

The distribution of birth intervals and related functions were

initially derived by Henry under various models. Henry [1953] put
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forward a simple mathematical model to esfimate natural fertility,
i.e., fertility in the absence of deliberate measures to limit
births. The inter-live birth interval depends upon:

(i) duration of pregnancy,

(ii) non-susceptible period following confinement,

(iii) fecundability of woman.

Under the assumptions of no fetal wastage, constant fecund-
ability, and constant duration of non-susceptible period associated
with a live birth, he showed that the instantaneous birth rate,
B(x), approaches the asymptotic fertility rate, p', with increasing
duration of marriage, where p' is.tﬁe inverse of the mean birth
interval. This result is the same as the one obtained in renewal
theory. Expression for the expectation of number of births to a
woman in x years of marriage were also derived. Similar expressions
for a population, where fecundability and non-susceptible periods
were allowed to vary, were also obtained.

An eitension of the above model included fetal losses, and
non-susceptible periods associated with a pregnanéy varying with
the outcome of pregnancy (Henry [1957]). Fecundability, p, was
taken as a fuﬁction of age in non-contraceptive society.

Perrin aﬂd Sheps [1964 ] introduced the notion of treating

reproductive processes as Markov renewal processes under certain



limiting conditions, and derived the distribution and moments of
birth intervals under these models.

Potter [1969], using the basic model of Perrin and Sheps,
obtained expressions for number of births averted when contraception
is used right after a birth and practiced without interruption.
Using two groups of women, identical in all respects, except that
one group used contraceptives, while the other did not, he concluded
that if a contraceptive user using Y. switches to Y2 within the same

1

pregnancy interval, rather than stbpping use of Yl and replacing it

with Y2 after the next pregnancy, the resultant number of births
averted is greater. Also, a single abortion has small impact, unless
it is coupled with contraception.

Potter, in association with Parker [1964], presented a walting
time model to study sterility and conqeption delays. They assumed
constant fecundability for a couple, a Beta distribution for fecund-
ability, and a large number of couples. Tﬁey also considered the
validity of the assumption that the next conception delay would be
as long as the last one, and the manner in which a mother's history
of previous abortilons W&uld modify the wait for a li&e birth after

discontinuance of contraception. Using Princeton Fertility Study

data, the model for predicting the delay of second conception (8)

as a function of first conception delay (F) gave the following

expression using a linear regression analysis



S = 3.5 + 0.36F

Next, the assumption that 100 pregnancies yield 10 third-month
miscarriages, 2 stillbirths, and 88 live births led to the conclu-
sion that the average time added by reported pregnancy wastage was
surprisingly small (between 1 and 3.5 months).

Sheps [1964], writing in seme issue of Population Studies which
contained Potter and Parker's [1964] article about waiting time,
tackled the questions of variations in the monthly conception ineci-

dence, expected distributions of waiting time to conception and the

underlying distribution of fecundability. She used the same

assumptions as Potter and Parker, except that instead of a Beta dis-
tribution for fecundability, she used an unspecified density function
f(p). She concluded that in a heterogeneous population with constant
p for any couple, the proportion of first conceptions tends to fall
during each successive month of exposure. For assessing contracep-
tive effectiveness, therefore, a life table approach is better than
the number of conceptions per 100 years of use, since the latter may

have very different expectations of conception rates depending upon

the mixture of long and short period of observations.

Wolfers [1968] differentiated between the concepts of birth
intervals (births) and birth intervals (women). He defined inter-

vals (births) as the weighted mean interval, where the weights are
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number of births to a woman, and the women are represented according
to the number of births to them. This is the ususl way any arith- |
metic mean is computed. On the other hand, in birth intervals
(women), each women in the defined reproducing population is repre-

sented equally, regardless of number of births to them.

Let i = length of birth interval
and fi = frequency of birth intervals of length i.
Then,

mean birth interval (births) = Jif./Jf,
i *i

" Mean birth interval (women) lies somewhere between

. .2
Zlfi . gl fi
and
1% I3t

i i

Wolfers contended that while the concept of mean birth inter-
vals (births) was appropriate for studies of some aspect of fertility

and birth prevention, the estimation of physiological determinants of

" birth intervals requires use of mean birth intervals (women).

Venkatacharya [1969a] investigated the effects of short marital

~ durations on live birth intervals. The bias, which is the difference

between the mean live birth interval estimated retrospectively from

birth histories of a group of women observed at a point of time and



the mean live birth interval in the population at the end of repro-

ductive period for the ith parity, i = 0,1,2,..., is important in the

context of changing fertility. He showed that these biases are not

necessarily small, and are serious in low fertility situations.
Srinivasan [1966] assumed a Beta distribution for fecundability,

constant fecundability for a woman over time,‘and no sterility.

Using the Gandhigram data, he observed that expected frequencies

under given models for parities 2 and 3 were consistent with

observed frequencies.

Later, he extended the above model to include open intervals

[1967], assuming the open interval (until survey point) to be a

random part of the closed interval. Based on this assumption, he
obtained expressions for the first two moments of open intervals.

Leridon [1969] debated the above assumption that distribution
of a closed interval which includes a fixed point (survey point) is
same as that of any closed intervdl. On the contrary, he showed that
the longer the closed interval, more likely it is to be interrupted
by the survey point. Therefore, the mean length of ith interval,
which include the survey point, is greater than the mean length of
all ith intervals.

Srinivasan [1966a] proposed that the open birth interval be

considered as a valid, sensitive and easily applicable index of
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fertility. Venkatacharya [1969a], however, stressed that the open

birth intervals should be standardized for marital duration and

. parity distribution.

Since the time for reproduction is finite, the length of closed
birth intervals Xi’ which hopefully provide information about the
probability density function of Xi’ the length of the corresponding
random interval if the reproductive period was infinité, form a
truncated sample of Xi's. Sheps et al. [1970c] discussed the trunca-
tion effect in detail, and concluded that birth intervals may be
misleéding as sensitive birth indices, and that whether the analyses
of open intervals would be more inféfmative than comparison of
parity distribution is questionable.

A closed‘interval straddles the survey date T if that interval
includes T. All intervals beginning and ending between T and T + y,
where y is predetermined are called interior intervals. Henry [1961]
used the concept of straddling and interior intervals to estimate
the fertility of "subsequently fecund" women of a particular age
group, where the age group is so chosen that a woman hadvat least
one birth before the start of the interval, and the width of the age
group is greater than longest birth interval, i.e., at least 5
Yyears.

Potter et al. [1965] utilized the basic formula of Sheps and
Perrin model [1964] to analyze data from Khanna Study, Punjab, India.

They observed that the relative long mean birth interval of 31 months
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among Khanna Study women is attributable to long post-partum
amenorrhoea, since birth control practices among them are negligible.
Here, birth intervals were classified by age of the mother. Since
birth intervals span a period of time, it is essential to know whether
the age of mother is measured at beginning of an interval or at the
end of the interval, because the resulting distributions in these two
cases are likely to be different.

Hoem [1968], in a series of working papers, advanced probabi-
listic models using competing risks to estimate marital fertility
using registration data. Retrospective fertility investigations
give rise to another kind of function, which he denoted by "purged"
measures. The model formulation was in terms of transition probabi-
lities, and not in terms of survivorship functions, which, according
to Hoem, are superfluous and even potentially harmful in that these
could lead to misleading conclusions.

In a comprehensiverreview, Sheps ; Menken, and Radick [1969]
described the available literature of probability models for family
building, and proposed a classification system acccrding to the
assumptions involved in them.

Shebs'and Menken [19704] discussed the duration variasbles under
different methods of ascertaimment and using very general forms of ‘
distributions for competing risks, derived their distributions for
cohorts as well as stable and stationary populations. This paper is

discussed in greater detail in Section 2.2.
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1.2. Specification of the Problem

As explained in Section 1.1, an ascertainment plan refers to the
manner of determining a birth interval. Following are somekof the
ways in which an 1™ birth interval (1=0,1,2,3,...) may be defined in
a cohort population, where all the women are of the same age:

1. ith intervals by age A

a) ith intervals ending before age A, and the

open interval, Ui'

Let
X, = random variable defining length of (i-l)th closed birth
interval.
In this case, Xi depends upon the probability of survival until
the (i+l)th birth, and also on the probability of survival from that

birth to age A. Intervals such as these, which do not consider those
who died before reaching age A, were named purged data by Hoem [1968].
b) i*® intervals ending at age A. Here, the open
interval, Ui = 0,
.th s .
2. 1 intervals ending after age A.
c) 1% intervals starting at age A.
.th .., . \ th .,
d) i”" birth occurring before age A and (i+l)”" birth
occurring after age A--straddling intervals
(Henry [1961]). |
e) All intervals beginning or ending in age group (A,A+y),
where y 1s predetermined--interior intervals.

Chart 1.1 illustrates the above intervals. The letters signify

the ascertainment plans described above.
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ith
birth =
I U,
8 i
b
e e
d
e
_da
c
6] A A+y
Age of Women
Chart 1.1. Birth Intervals in Different Ascertainment Plans.
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For cross-sectional ﬁopulations, the term 'age A' can be
repléced by the term 'time T' %o define different ascertaimment
plans.:

Since birth intervals will have different distributions under
different ascertainmenf plans, the problem is to determine the "best"
methods of ascertainment to produce indices which are

(i) sensitive to changes in feftility, and

(ii) robust to changes in other risks which do not

directly affect fertiiity.

The term 'robust', here, is used to mean that a birth interval
should not change if there are no changes in any risks which do not
affect fertility.- One may argue with the choice of this term, since
'robustness’' has different meanings in different disciplines, but
the author cbuld not settle on a more suitable word.

Birth intervais should be compared with the more conventional
indicés to determine which are the most sensitive. This study,
however,will be restricted to studying 6n1y the birth intervals.

In thé present study, a fertility index will be called sensi-
tive, if a change in fertiiity parameters is reflected by an early
proportional change in the index. Since most indices Wopld show
changes over a sufficiently long period of time, sensitive indices
should reflect these changes in the shortest period of time. A less

than proportional change reflected by an index would not necessarily
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meke that index insensiti?e, but we preferred an index with at least
proportional change. Any index which showed consistent change (pro-
portional or not), was examined as a potentially desirsble index.

If, in a particular ascertainment of birth intervals,
M, = mean length of any birth interval index without
fertility change, and
B, = mean length of that bifth iﬁterval index when the
theoretical'inpﬁt parameters are changed to increase
the birth intervals by 25%, say,
then H t U

0 2
> 1.25 Hy in order to determine whether the fertility index under

<1.25 My was the null hypothesis tested against Hl:

consideration was sensitive. A rejeétion of the null hypothesis
lends credence to the sénsitivity of the index.

A fertility index would be considered specific (robust), if it
remained unchanged when the only risks changing, if any, were those
not diréctly affecting fertility. If Mo is the-mean birth interval
in a particular ascertainment under a cértain set of parameters
describingAvarious competing risks (g,g,, fertility, mortality,
mérriagg, ete.), and My is the mean birth interval under a different
set of parameters; where the only differing parameters are those
variables not directly affecting fertility, then HO: My = Wy Was
tested against the alterﬂative H ua # By to determine specificity

1

of the index. Rejecting the null hypothesis HO would amount to the

index being non-robust.
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On the basis of these criteria, the 'best'! ascertainment plans
for tenth intervals could be recommended to be used for gauging the

level of fertility.

1.3. Study Design

Initially in this research, investigation of the theoretical
distributions of birth intervals under various ascertainment plans
was attempted. These distributions Wérelbased upon certain assumed
distributions for fertilify, mortality and marriage. Finding that
these distributions for birth intervals would involve numerous inte-
grations as shown in Chapter II, the theoretical a?proach was aban-
doned. Alternatively, a simulation approach was adopted.

Samples of women from computer populations were subjected to
different risks of mortality, fertility and marriage. Mean birth
intervals resulting from thé different ascertainment procedures,
simulating both cohort and cross-sectional survey procedures, were
then énalyzed both for sensitivity and robustness.

A computer program, POPSIM, was uséd in tackling the problem.
POPSIM reqﬁires an initial population for which vifal events are
generated for a specified period of time. Stable populations were
used as the initial.populationé, here. A stable population, which
is stable with respect to age, marital status, parity and duration
since last birth, is defined and derived in Chapter III. One method
to compute such a stable population is also described.

Chapter IV briefly describes the simulation program, POPSIM,
used in‘this study, along with the program, SURVEY, which was uti-
lized for analyzing the intervals generated in different simulated

populations. POPSIM was modified in order to enable us
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to use different subroutiﬁes for generation of vital events. This
chapter also deals with the e;timation of fertility, mortality,
marriage, and sterility pafameters, which were necessary for use in
POPSIM.

A1l sample populations consisted solely of females. In the sub-
routine generating date of marriage of a woman, we assumed that mar-
riage could not occur before age 15 yéars. The first initial cohort
population, therefore, was a population of 500 women which had all
members aged 15 and married. Table 1.1l summarizes the cohort runs.

The second cohort of 500 women was identical to the first cohort
except for the mortality schedule. The expectation of life at birth,
eg, was 60 years_in this case as opposed to eg = 40 years in first
cohort in order to give an indication of the effect of mortality on
birth intervals.

The time used by IBM computér model 360/75 for generating events
to 500 women was not appreciable, and coupled with the fact that some
of the ascertainment plans yielded onl& a handful of birth intervals,
it was decided to increase the initial sample population size to
1,000 women. Cohort 3 consisted of 1,000 women, married and aged 15
years at initial‘time. This cohort was subjected to the same risks
of vitél events as cohort 1 until age 30. Next, the parameters for
input birth intervals were increased by 25%, and the population of
872 women, who survived until age 30, was subjected to this reduced
fertility through age L5 years. Comparing changes after age 30 with
those in cohort 1 permits comparison of changes in fertility on

birth intervals.
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CHAPTER II. DISTRIBUTIONS OF BIRTH INTERVALS

2.1. Introduction

This chapter deals with the theoretical distributions of birth
intervals in a cohort, under differentimethods of ascertainment.
Section 2.2 hcorporates the discussion contained in the article by
Sheps and [i970d]. It was necessary to provide specific distribu-
tions for forces of happenings fqr various vital events, and these
distributions are developed in Section 2.3. Distributions of birth
intervals are derived in Section 2.k.

The forces of happenings are explained now. Let the event

Ej not occur to an eligible woman by time t, and let pj(t) be

force of happening of event E, at time t and let

J
P [Ej occurs between t and t + At] = pj(t) At + o(At)
P [E, and E}, J # J' occur in (t,t+At)] = o(at)
P [none of the events Ej’ j= 1,2,.;k, occurs in (t,t+At)]v
=1-) py(t) 8t + ofat)

where o{At) / At > 0 as At > o

unconditional probsbility that E, occurs

Let Yj(t) 3

between t and t+dt

then, ®©

yj(t) pj(t) l yj(X)dX



Let - P(t) = J'y (x)ax
J g
then p.(t) = -4 log P (t)
’ 3 Tat

2.2. Digstributions in a Cohort

Notation
. . . \th '
Xi = random variable defining length of (i-1) birth
interval.
¢i(x,a) = risk of an i'® birth at age (a+x) to a married

woman who had an (i—l)th birth at age a.
Fi(a,b) = probability that no birth occurs to a woman between
age (a,b) glven (i—l)th birth at age a
= exp [- .(x,a)i;
pL(a) = conditlonal risk of death at age a, given that
death has not occurred before age a.
pw(a) = conditional risk of widowhood or divorce to a
married woman at age a.
PL(a,b) = probability.of survival from age a to b
s [P
Pw(a,b) = probability that & woman does not get divorced or

widowed in age group (a,b)

. b -
= exp [E f pW(T)dT
a —

21



Let
) = cps R ,th _ .
gi(x,a = conditional density of an i~ birth at age (a+x),
. . th ..
given (i-1)"" birth at age a

= ¢i(x3a) Fi(a,a+x) Pw(a,a+x)‘PL(a,a+x) (2.1)

then, Wi(a), density of an 1% pirth at age a is given by

( fa—15 :

vy a) = gi(x,a—x) Wi_l(a—x)dx (2.2)

where Wo(a) density of marriage at age a.
The unconditional density of an 1% pirth at age (at+x) after

an interval Xi = x is, therefore given by

hi(x,a) = gi(x,a) Wi—l(a) . (2.3)
vhich yields, from (2.2),
a~15
w.(a) = [ h, (x,a-x)dx : (2.4)
i i
0
The unconditional density of X, is given by
i
50-x 50
hi(x) = | hi(x,a)da = hi(x,a—x)da (2.5)
15 15+x

Equations (2.4) and (2.5) aﬁgfme no births éccurring before age 15
or after age SOryears. Also, these densities relate to improper

random varisbles, since the integrals of hi(x,a) and hi(x) do not

~equal 1. The probability density function of Xi for women, whose

(i-l)th birth occurred at age a, and who have an'ith birth is,

. therefore, given by

(2.6)
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while the p.d.f. for all women in the cohort who have an ith birth is

) hi(x) hi(x) hi(x) ( )
B. X = = = 2.7
+ . 35 hi (x)dx fso'wi(a)da hEt
15
50
where vy = J wi(a)da

15

Since this considers all the intervals ocecurring to all women in the
cohort, this ascertainment is prospective.

(i) Intervals that end at exact age b have the distribution

given by

= (x5) hi(x,b-x) hi(x,b—x) (2.8)
B.(x,b) = = 2.
1 oo h, (x,b-x)ax wy (b)

0

which is different from Bi(x,a) or Bi(x) in egs. (2.6)
and (2.7).

(11) Birth intervals can also be ascertained at the end of
the intervals. The p.d.f. of birth intervals for such

ascertainment can be given by

fso h, (x,b-x)db
_ 15%x b
By (x) = of3515120 h (x ;b-x )dbax
lsf'so—x hi(x,a)da
= v,
1
hi(X)
== = Bi(x) (2.9)
i
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The reason E;(x) and Bi(x) in (2.7) are samé is that
both ascertainments measuré thé samé intervals, and
there is no loss of any womén due to any competing
risks. The same cannot be said about Ei(x,b) and
Bi(x,a), since E;(x,b) gives the'intérvals which end
at age b and si(x,a) is thé p.d.f. of those intérvals
which begin at age a, and, theréforé are different.
In case of E;(x,b), too, there is no loss of women

due to any other competing risks.

(iii) Interval X, for surviving married women who had an

6£(x,b) =

(iv)

~

ith birth at age a + x < b has the p.d.f.

b-x
15f hi(x,a).PL(a+x,b)_PW(a+x,b)da

b ' (2.10)
lsf Wi(a‘) PL(a,b) Pw(a,b)da

The data governed by above are purged data, because
the women have suffered étfritionvthrough death and
dissolution of marriage betﬁeen age (atx) and b. The
probability of survival decreases with increase in

b - (a+x).

In above case, Ui+1 =b - (a+Xi) will be described as

open interval measured at age.b. The distribution of

'Ui at age b is given by



Gl v

wi(u,b) =

. (v)

Wi g (b-u) P (b-u,b) Pw(b—u ,b) Fy (b-u,b)

OJ'b—IB wy_q (b-u) P (b-u,b) P (b-u,b) F, (b-u,b)du
(2.11)

R, (u,b) .
=r~l(—b)_ » 121 (2.12)

where Ri(u,b) and ni_l(b) are given by the numerator
and denominator of wi(u,b), respectively.
The p.d.f. of all open intervals at age b, regardless

of order, is a weighted average of wi(u,b), and is

given by
‘Z s (®) ¥, (u,b)
v(u,b) = 2 (2.13)
’ 5y (o)
i=0
z Ri(u,b)

i=1

'1sfb w (a) P (a,b) P (a,b)da

R, (u,b)
iZl i

s ‘——m—— ' (2.1’4)

A

25



26

where AA(b)'= lsjb wo(a) PL(a,b) Pw(a,b)da
= unconditional risk of marrying before or at agé b and
surviving in the married state until age b.
(vi) The most recent interval Xi for women of exact parity
i at age b has the density of an (i—l)th birth at age
a, and ith birth at age a + x < b, multiplied by the
probability of no births, no widowhood and no death
between ages (at+x,b). The p.d.f. is, therefore, given

by

b-x X
f hi(x,a) PL(a+x,b) Pw(a+x,b) Fi+l(a+x,b)da
- 15

m; (b) (2.15)

(vii) An interval which includes a certain point of time is

said to straddle that point (Henry [19611). An ;i

interval, which straddles age b and is of length x,

has the p.d.f.

fb hi(x,a)da

Q. (x,b) = 2% (2.16)
. 1 fb+y—15 fb hi (X ’a )da
b-x

In a cohort, a point of time and age of the cohort

are interchangeable.
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If hi(k) = h(x) for all i and if all women survive,
remain married and fertile, and if thé agsumptions of
a renewal process hold, the p.d.f. of intervals that

straddle age b, regardless of order, is given by

h(x) b—xfb da

ST ni) [,_f° aalax

1l

o(x)

= 5§%§§l (2.17)

an expression obtained earlier by Henry [1961].

An interval interior to age group (a,o+B) is defined

as one which is contained completely in (a,a+B), i.e,,

which begins and ends in age group (o,a+B). An ith

interval interior to (b,b+y) has p.d.f.

Ofy-x hi(x,b+v)dv %

ri(x) = = . (2.18)
ol of " b, (x,b+v)av dx
On assumptions made to obtain (2.17), we get
_ (y—=x) h(x) A
I'(X) v - E(X) . (2-19)
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2.3. Specific Distributions for Risks of FEvents

In order to investigate thé distributions of birth intervals
under various ascertainment plans, it was necessary to assume some
distributions for different competing risk. A combination of two
Weibull density functions appeared to be an appropriate choice for
risk of mortality, since the hazard rate in a Weibull distribution
is monotonically increasing for o > 1, and is unbound. Sincé thé
age-specific mortality rates are usually lowést in age group (10-1k)
years, it seemed reasonable to assume the cut-off point for thé

first Weibull distribution at age 15 years. The second part of

"the mortality curve may be given by another Weibull distribution

truncated at age w, where y is the maximum age at death.
From similar considerations of hazard rates, it appeared
reasonable to assume a lognormal distribution for age at marriage,

and a gamma distribution for births.

2.3.1. Distributions for Mortality
As described above, mortality was assumed to have a com-

bination of two Weibull distributions, one truncated at age 15 and

the other at age w. Later, we shall assume the age at mé.rriage not

to be less than 15 years, in which case, the first part of the
mortality curve does not involve any other competing risks (i,g,,
marriage, births, and widowhood, etc.), and the only part we are

interested in is the survival of a woman to age 15.
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The density of death at age t > 15, therefore, is given by
o
o=l A (t-15) *
1
A al(t-ls) e
£ (t) = X, PRt Lesosdy 20
1-exp[- Kl(w-15) ]
(2.20)
= 0 elsewhere
For widowhood, let the mortality curve of husbands be given by
ae—l a2
A a2(t-15) exp [~ Az(t—ls) ]
fg(t) = 5, = 15 <t < w; s A2 >0
1-exp[- 2 (w-15) °] (2.21)

Let pL(t) = conditional probability of death at age t, and,

PL(tl’tQ) = probability of survival from age t; toage t, 3 t, 2t

- - 23 Yo 2N
[
= exp |- pL(t)dt ' (2.22)
t , .
e 1 —
Then,
£,(t) = py (8) P (15,¢) (2.23)

’ ,
pL(t) tf £ (x)ax

| e_;\l (t-1t) ) _Al(w-lS)al
pr (t) -

%
1 - exp[- Al(w—lS) ]



which yields
o1
OLl"l "Al(t"l5)
Aoog (6215) 7 e T L
QL (t ) = o al—-
exp [~ A, (£-15) l]-exP [ ag (15) 7]

A O :
Let e; = exp [- A, (u-15) ,i=1,2
= independent of t
Then,
jb » o] b
pr,(t)dt = - log [exp {- 2, (t-15) 7} - ¢;]
a _ o _ 8,
1
e-xl(b—ls) .
= - log - L
, %
e—Al(a-IS) i
— 1—
Therefore,
b
_ 7 e (tlat

PL(a,b) =e 2 :

il
exp [- xl(b-ls) ]-¢

= » 15 <ax<b<y

e
exp [- 1,(a-15) 7] - o)

2.3.2. Distribution for Marriage

(2.2k4)

(2.25)

As discussed earlier, a lognormal distribution was used for

age at marriage. The earliest age at marriage was assumed to be 15

years, and since the fertile age is assumed to end at age 45 years,

30

marriage is of no significant interest after age 45, in this chapter.



- Age at marriage, therefore, has the density

1 exp IE_ (Log o(x-15))°|
(x-15) V2mm 2h
g_(x) = [10 30@} » 15 < x < L5
Lo} =98 w0
/e n>0 (2.27)
where
. n >

o(u) = ;%iz_wf exp (- %-)du (2.28)

The p.d.f. of (2.27) assumes that every woman gets married unless
she dies before age of marriage.
pg(x)

and PS(a,b) = probability that marriage does not occur

Let

risk of first marriage at age x

between ages a and b.

b
e |- [ oglwa (2.29)
a
Then, we have
g(x) = pg(x) Po(x) (2.30)
‘which yields ’
- (x)
pglx) = Lo fl);g 8(x-15), (2.31)
-
end pglx) =1 - ¢ [20BOUID) (2.32)
n

31



2.3.3. Distribution for Births

If Li is the longest of all ith intervals, the density of Xi

= x to an eligible married woman is given by

1 xei_l eX/Bi €0 By > 0
k; (x) = e G(L, ) > 0<x <L, <30
I'(e.) B. + +
1 1
= 0 , elsewhere (2.33)
where,
1 Li ei-l x/Bi
G(L.) = j x e (2.34)
€ 0
F(ei) Bi

2.4. Derived Distributions of Birth Intervals Under Assumed Risks

We shall use the same notgtions used in Section 2.1.
The density of an ith'birth at age t is given by
t~-15

wi(t) = f wi_l(t—x) ki(x) PD(t—x,t)dx (2.35)
0

where wo(t) = g(t) = density of marriage at age t.
Let,

proportion of ith order births among all

8, (t)
births to women at age t.
Then, the density of a birth at age t, regardless of order, is given
by

wit) = ] w.(t) s, (t) (2.36)
i




Comparing eq. (2.35) with (2.2), we find that
k; (x) = ¢, (x,t) Fy (b,04x) (2.37)

Now, we have, from eq. (2.27),

S R l:_ {log o(t-15))2|

w (t) = g(t) = {&=35) ¥2rn I
o» p (105 30@]
— )

Let
PD(t—x,t) = Pw(t~x,t) P2(t—x,t) = probability of survival in
marriéd staté until agé t.
Then, we get, from eq. (2.26),

o ’ s ]

f 1 [ 2
. =A (8-15) | 2, (£-15)
e - Cl e - 02
P, (t-x,t) = ' Ty : (2.38)
, ] %
—Al(t—x-ls) fkg(tfx-l5)
e - cfle % -c
{ c 2
&4
fki( -15)
where c, = e » independent of x (2.39)
This yields, |
Jt—ls-_el—l {1og 0(t~x—15)}2 + x
= N P S 2n B
vy (t) = Al(t)o t-x-15 © .
T o _ T _
T( Ay (6-15) ] [ A, (£-15) 2 I
e - C e - C
X 1 2 dx
dl de
-Al(t—x~15) —Ae(t-x—ls)
e -Cl e —02
- {27k0)
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wheré _1
. [105'309}
r(e;) sll,G(Ll),¢ /n.
Al(t) =|- (2.41)

The integration of éq. (2.40) is difficult. Coupléd with the
fact that ‘.Ji (t) can be obtained only a’.ftér i such 'int_égration, it
appears to be a formidable job to be handled theoretically. Once
the integr@tionland thé exact form of Wi(t) is obtainéd, howevér,
distributions of birth intervals under various ascertainmeﬁt plans
may be obtained as in egs. (2.6) through (2.19).

Numerical approximation to the integral in eq. (2.40) can be
obtained to estimate wl(t). To obtain ekpressions for wi(t) in
eq. (2.35), however, more iﬁtegrations and most probably more
approximations would be necessary. To'get the distribution of birth
intervals undér any ascertainment plan would require further
approximations. In view of the difficulties involved in getting the
theoretical distributions of birth intervals, it was decided to use
a simulation approach instead. This simulation approach using a

computer program, POPSIM, is described briefly in Chapter IV.



CHAPTER III. STABLE POPULATION

3.1. Introduction

Sheps and Menken [1970 ] have obtained theoretical distribu-
tions of birth intervals for stabie populgtions, where the popula-
tions are stable with respect to age, marital status, parity and
duration since last birth. For these results to be valid, the
existence of such a stable population is essential. This chapter
deals with the derivation of prooonf the existence of this
stebility, and one method of obtaining such a stable population is
outlined. Inasmuch as the cross-sectional populations in this
study use as initial population an input population which has been
subjected to constant schedules of fertility, mortaiity, marriage and
sterility for a long period of time, thevexistencevof this kind of

stability will be of considerable interest.

3.2. A Special Kind of Stable Population

. 3.2.1. Definition

Let c(x,t) = proportion of persons aged x at time t in a
populaiion.
If e(x,t) = c(x) for all t, and if the age-specific mortality rates

are constant over time, then such a population is called a stable
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population (Lotka [1939]). A stable population can be obtained by
exposing any population to constant age-specific fertility and
mortality rates for a sufficiently long period of time. Let c(x) ve

the resultant proportional age distribution.

W
[ ex)ax=1 (3.1)
0

This will be independent of the initial age distribution of the
population, though the time taken by a population to reach stability
is independent upon it." A stable population has constant birth and
death rates, ana hence, a constant rate of growth, which 1s called
the 'intrinsic' rate of growth.

As an extension of Lotka's conéept of stable population, Sheps
and Menken defined another kind of stable population, given below.
The proof of existence of such a population was derived in this
study.

Definition:

a female aged x years, with marital

Let (x,m,i,y) female
status m, parity i and duration y
since last birth,

and Nt(x,m,i,y) = number of (x,m,i,y) females at time t.

A population would be considered stable, if

Nt(x,m,i,y)

[ [ 11N Geom,i,y)axdy
1m

= C(Xamsisy) (3‘2)

XY



is independent of time t, and if the mortality rates (specific for

x,m,i and y) are constant over time.

3.2.2. Proof of Existence of Stable Population

Let marital status, m, be equal to 1 for single persons, 2 for

currently married and 3 for widowed or divorced and let

q(x,m,i,y)dx + o(x) = probability of an (x,m,i,y) woman

dying in age interval (x,x+dx)

1l
o

where lim
x>0

Also, let

b(x,2,i,y)dx + o(x) = probability of a birth to an
(x,2,i,y) woman in age interval

(x,x+dx)

m (x,i,y)dx + o(x) = probability that an (x,ml,i,y)

woman becomes (x+dx,m_,i,y+dx)

2

woman in age interval (x,x+dx)

no. of female births at time t

B(t)
= Nt(O,l,0,0)
‘Iiz. = probability that a woman has
1% pirth after exact marriage

duration z.



Assumptions:

(i)
(i1)
(iii)
(iv)
(v)
(vi)

(vii)

(viii)

(ix)

(x)

Most of the assumptions can be relaxed, but it will result in
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birth, death and marriage rates are independent of time.

no remarriages of widows or divorcees.

no premarital pregnancies.

no marriége befofe age 15 years;

all vital events are mutually independent.
multiple births are considered as one birth.
births can occur to married women only.

Births to divorced or widowed women shortly
after such events are also excluded.

survival prdbabilities are independent of marital
status, parity and parity duration.

birth probabilities depend upon age only,

i.e., ﬁ(x,2,i,y) = b(x,y)

parity duration is counted only up to age 45, Br
married women, and until dissolution of marriage

for divorcees and widows.

a more complicated, though similar, proof.

Now,

The number of single women in age interval

(x,xtdx) at time t = Nt(x,l,0,0)dx

The number of married women aged

(x,x+dx) at time t = [

30 .
) N, (x,2,1,y)ayax
o i



and, number of widowed or divorced women of age (x,x+dx) at

time t =

Now,

Nt(x,1,0,0)= B(t-x) p(x) e (3.3)
where p(x) = probability of survival from birth
to age X.
Jx—IS
N, (x,2,1,y)= B(t-x) p(x) A mp(x-2) I; (o 1y
y x -
x exp |- J b(x-v,v)dv - J T,o(u)duf pdz
23 .
0 . x-z .
=17 (3.4)
where, x-z = age at marriage
and,
) x-15 Zl
N (Xa3:isy) = B(’t—X) P(X) tom _
t o 0 12(x zl)
w23(x—zl+zg) Ii(ze—y) dz, dz,
(3.5)

rx-15

%

Her~

Nt(x,3,i,y)dy ax for x > 45

Nt(x,3,i,y)dy ax for x > 45

, fx
~ (w)a
! ™o (u)du
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where, Zq = duration since marriage
and, 22 = dquration of marriage (till getting widowed or
divorced)
Let 1 = maximum parity of a woman.
max
Then,
B{(t) = number of female births in year t ‘
Jw J3O Lnex
= I N (x,2,1,y) blx,y)dy dx (3.6)
0 0 i=0
Jw J30 Emax x--15
= B(t-x) p(x) . (x~z) I,
0 0 i=0 0 12 LY
y X
- I b(x-v,v)dv - f 7, (u)du
0 X-Z 23
X e e dz [dy dx
W
= J B(t-x) p(x) R(x)ax (3.7)
0
where
i 30 x~15
max .
R(x)= J I T, (x-2) I,,(z-y)
i=0 0. 0 12 1
v X '
- f b(x-v,v)dv - I 7. (u)du
0 X~Z 23
X e dz 4y (3.8)
p(x) and R(x) are non-negative for all x.

Lo



To solve equation (3.7), let the trial solution be

rt
n

Q, e (3.9)

te—18

B(t) =
T .on=l

By substituting eq. (3.9) in eq. (3.7), this yields,.

® r ¢ Jm w r (t-x)
) qQ e = . Z Qn e B p(x) R(x) dx
n=1 n=1l
g rt Jw -r X
= ] e’ [ e ™ px)Rx)a
n=1 0
Therefore,
J e_rnX p(x) R(x) dx = 1 (3.10)

0

The limits of integral are O to = instead of 0 to w, since the
integral vanishes between w and + o,
Since e p(x) R(x) dx is + » for r = - » and 0 for
0
r =+ « and is a monotonic function of r, there is only one real
root, r. In addition, there are infinitely many complex roots of

equation (3.10). The co-efficients Q, can be determined by initial

conditions. Substitution of Qn and r in equation (3.9) yields for

L1
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B(t), a curve with damped oscillations. When t is very large, the
oscillations become negligible, and B(t) almost wholly relies on the

real root r. At that stage, it is possible to write
B(t) = B(t-x) ™ | (3.11)

since B(t-x) = Ql er(t—x) = Ql ért " T¥ = B(t) &7FF

where Ql is the co—efficiént corresponding to real root r.

total no. of women at time t

Now, Nt

('\ .
J B(t-x) p(x) &, | (3.12)
0

Therefore,

b
- [ L (u) du

W (x,1,0,0) 5 ) b)) e ©
N, - Jw ,
B(t-x) p(x) ax
0
X
_ f o (u) du
- 0
_ B(t) ewrx p(x) e (3.13)
I »e-rx p(x) a&x
0

which is independent of t.
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Similarly,

Nt(x,2,i,y) Nt(xa3915Y)

= N

are independent of t for

ail X, 1 and y.

Therefore, the population is stable.

3.3. Derivation of Speéifically Defined Stable Population

While the following method of obtaining a stable population
holds for continuous as well as discrete time, we would assume time
t0 be discrete for explaining this method.

Let X(t) Dbe a vector, thse elements are number of people at
each age, marital status, parity and parity duration (and any other
characteristics to be stablized) at time t. Suppose the population

is steble at time t = T,

Let X(T) = (Xi(T)) (3.1h)'
and N(T) = J X, (1) (3.15)
i
Then
X, (T)
N%T = 8 constant for class i, énd independent
of time T.
) Xi(T+l)
N(T+1)
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Therefore, N(T+1) g = Xi(T+l) (3.16)
Now, if r is the intrinsic rate of growth of this stable population,
r
N(T+1) = e N(T)

which yields, by substituting in eq. (3.16)

e’ N(T) g; = X (T+1)

or, xi(T¥1) =" X, (7) (3.17)

Since eq. (3.17) holds for all i, it holds for the vector of these

elements, too. Therefore,
X(T+1) = e X(T) (3.18)
Let M be the matrix of hazard rates, i.e.

X(T+1) = M X(T)
nxl nxn anl

(3.19)

Then, M X(T) = e x(T) | (3.20)

Thus, X(T) is the characteristic vector corresponding to the
latent root e" of M. 8ince such a stable vector exists, M does have
8 latent root equal to er.

Let Al,k .,xn be n characteristic roots of M. If xl is the

2’.-
principal root, the absolute value of Al will be greater than that of

xz,x3,...,xn. Then, the effect of Ai's (i#1) will be smaller with

increasing time compared to Az, and when t is sufficiently large,

we have

M X(T) = xl x(T) » fort="T.
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e M0 = (mij(t)), and if for all i and J
n, (t+1)
—E%—FET— = k, a constant
i]

then, Xl = k is the principal root of matrix M. In most cases,

t = 64 or t = 128 will be sufficient to achieve the desired stebility:
If one desires stability with respect to age, marital status,

parity and parity duration, the size of the matrix M would depend

upon the no. of sub-divisions in each of these four charactaeristics.

Even for a small number ofvsub—divisions, the size of M becomes

prohibitive, to be manipulated easily. For example, 30 age groups,

3 marital status, 6 parities and 15 parity durations give rise to

a square matrix M gf order 30 x 3 x 6 x 15 (= 8100). Therefore, in

order to investigate the distributions of birth intervals in a stable

population, it is essential that we take a hypothetical situation

.with fewer sub-divisions and much smaller fertile age group. One

such hypothetical population, chosen arbitrarity, is described below:
Assumptions fér the hypothetical population:
(i) fertile age group is limited to (15-19) years only.
(ii) earliest marriage age is 15 years.
(iii) meximum no. of births = 1 per year.
(iv) parity dﬁration remains constant after end of
fertile period or at widowhood, whichever comes first.

(v) all events occur at the beginning of the year.
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(vi) births can occur only to married women.
(vii) probability of a birth to a married woman depends
.only_upon age of marriage and interval since last
birth, and is independent of parity.
(viii) no remarriages. !
Usiﬁg the following notation for marital status:
1l - single
2 - married
3 - widowed or divorced, and
Nt(x,m,i,y) = pumber of women at time aged X, with maerital
status m, parity i and parity dﬁration Y.

Then, the stable vector, X(t), representing the population distri-

bution at time t can be written as

X(t) = (3.21)

QW

where,

_Nt(o,l,0,0)

N, (1-13,1,0,0)
Nt(lh,l,0,0)l
Nt(lB,l,0,0)
N, (16,1,0,0)
.Nt(l7,l,0,0)

Nt(18,1,0,0)

Nt (19 ’l’o ’O)



— —

Nt(15+,3,o-u,o-h)

Nt(20+,2,o-h,o-h)

Nt(20+,l,0,0)

e ) —

and,

Nt(15,2,0,0)
Nt(16,2,0-l,0)
Nt(lT,E?O—E,O)
ut(18,2,0—3,0)
Nt (19 32 ,O—)-l- ,O)
Nt(l6,2,0,l)
Nt (17 32 :Q"l sl)
Nt(18,2,0—2,1)
15 % l N_t (19 32 90_391)
Nt (17 32 ’O 92)
Nt(18,2,0-l,2)
N‘t (19 ,2 30_2 ’2)
N£(18,2,0,3)

N£(19,2,0—l,3)

N‘t; (19 52,0 :h‘)
The vectors A and C cannot give rise to a birth while vector B
consists of women who are eligible to bear a child. Matrix M, in

this case, would be of order 26 x 26. A similar abridged matrix for
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a population with fertile age group (lS—hh),yéars will be of order
412 x 472, and obviously unmanageablé, in addition to thé‘vast amount
of data required for estimating thé céll probabilitiés of matrix M.
Subjecting a populatioﬁ to constant schedules of risks over a long
period of time, therefore, offers a bettér'chqicé of obtaining this
stability. The time required to achiéVe this stability, of course,
will depend upon the distribution of thé initial population, and
a near stable population distribution at initial time will lead to

this stability over a relatively short duration of time.

Instead of using the matrix M, therefore, as the initial popu-

lation in this study, an age-stable population was subjected to con-

stant schedules of fertility, mortality, marriage and sterility for

ﬁ long period of time. In view of the small number of people in the
populations studied, however, it is difficult to say whether the
differences in distributions of populations by age, marital.status,
etc., is because the population had not reached stability or because

of random variations.



CHAPTER IV. POPSIM: DESCRIPTION, MODIFICATION
AND ESTIMATION OF PARAMETERS

L,1. Introduction

As described in Chapter II, it was decided to use a simula~
tion approach to study the distributions of birth intervals. The
computer program for this purpose was a program named POPSIM (POPula~-
tion SIMulation), and this chapter describes it briefly along with
the modifications and estimation of parameters for this study.

POPSIM was developed jointly by the Research Triangle Institute
and the Department of Biostatistics, UNC at Chapel Hill.

POPSIM is a demographic micro-simulation model, and is so'
designed that principal demographic events occurring to each member_
of a human populstion may be simulated on & éomputer.b It is
designéd for a two-sex cross-sectional population, but its flexi-
bility permits one sex cohort populatioﬁs. The behavior of popula-
tions with é given hypothetical structure can be investigated as can
be the behavior of a population possessing distributions and the
risks éf vital events verylclose to some existing population. POPSIM
is designed as a tool to permit the investigation of responses of
population to various risks.

POPSIM generates vital events for each individual in the popu~

Jdation. Tt is stochastic because the events and their time of
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occurrence are determined 5y a random sampling of probability distri-
butions. It allows the input probabiliﬁies to change with time and
can incorporate a feedback mechanism.

The initial popula.tioﬁ2 in POPSIM represents a random sample
of individuals, without regard to any familial relationship. There-
fore, not everyone in a familyvis a member of the computer popula-
tion in this model. As an example, wﬁile a woman may be a member of
the random sample, her husband may be excluded from this sample.

The PQPSIM program.consists of thrée méin steps:

(i) initialization of population,
(ii) aging of initial population and generation of
vital events over time, and

(iii) tabulation of number of events and population

distribution over time.

The initial populations of the POPSIM program are generated

by separate programs,AWhile the generation of vital events

2The term 'population' here, in fact, refers to a sample of
individuals, who age and have the vital events generated to them
over time. It seems more convenient to use the term 'computer
population' describing a sample of individuals than the term
'computer sample'. These words, therefore, should be read in this
context, here.
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over time utilizes a common program which also carries out periodic
tabulations of the events.and of total population by various
echaracteristics.

Complete histories of all vital events generated to each
individual cen be written on a tape, and a éeparate program
called SURVEY (described later in this chapter) can be used to carry
out tabulations from this history tape.

The open model, used at the University of North Carolina at
Chapel Hill, here, will be described briefly, along with the

program used In this study.

L.2. POPSIM: Open Model

4.2.1. Initial Population

The initial computer population ought to be as near to the
desired populafion as possiblé. The economic feasibility of
generafing a very large population, as well as lack of complete data
for all individuais place limitations on this objective. The approach
used in POPSIM considers the initial population as a random sample
from the desired ropulation, with characteristics distributed és in
the population under consideration.

Initial populations in the computer using POPSIM are created
by using a series of sub-routines to assign age and sex to the

members of population. Then, each member is subjected to all
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possible events which can occur to him/her from birth to initial
time, excluding, of course, death, since these members are alive at
the time of initialization.

Assignment of ageé is accomplished by use of stratified random
sampling. Size of the initial populstion to be generated, the pro-
portion for each sex, and the proportions in specific (though
arbitrary) age groups for each sex, are required as input data. The
cunulative distribution function and its inverse are calculated for
each of these age-sex classes.

The (0,1) interval is next divided into N intervals, where N
is the total size of population to be generated, and then, a uniform
random number for each of these N intervals is generated to sample
the appropriate inverse. The same procedure is used to distribute
the persons in an age group by sex.

The remaining characteristics are ass%gned to each individual
as described above. For example, a female,aaged 20 years at the
time of initiglization, has all possible events generated from
time = -240 months to time = 0 (initiel time is usua;ly set as zero,
though special considerations may necessitate a change in it). All
the events, except death, are recordéd for her. These events may
include marriage; birth of one or more children, any spontaneous or
induced abortions, use of contraceptives, and Widowhoo@ or divorce,

ete.
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4.2.2. Generation of Vital Events

After the initial population has been created, POPSIM can be
used to generate vital events and histories. POPSIM has the flexi-
bility to use any desired time period as simulation period in any
specified‘intervals of tiﬁe. For example, vital events can be
generated for 25 years in steps of 1 year each, 2.5 years each, 5
years each, or 12.5 years each. The éteps, however, cannot be
longer than 15 years, though the events can be carried over, if so
desired, if the steps are shorter than the time to a particular
event. A request for a total simulation period of, say 25 years,at
6 years' interval, on the other hand, will be complied with a total
simulation period of 30 years, instead of 25. In this study, events
were generated for 15 or 30 years in 15-year steps.

Vitai events sub-routines can be changedito one's specifica-
tions, if so desired.

To generate a date to next event for an individual, an event-
sequenced simulation procedure is used. Dates for each competing
event, whiéh can occur to an individual, are generated and the event
corresponding to the earliest date is deemed the next to occur to
that particular individual. This event and its date is carried in
the record for this individual. This proceduie is correct under
assumption that the input parameters are independent probabilities

rather than crude rates.
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The generation of date of an event is accomplished by the use
of inverse of geometriec distribution within a time périod during
which the monthly probabilities of the event remain consteant. For
example, let us consider»a male exactly 21 years old, and let Pg
denote the monthly death probability, cohstant for male age group
(20~2L4) years. Then, a random number between (0,1) is generated
and
_-2n(l—r)

- zn(l—p6)

gives the date of death of this male, provided t < 48 months. If

-t > 48, this man would die not earlier than age 25, and a new monthly

probability p7 (say) would be used to generate the date of his death,
and if t < 60, then, date of death = B00+t) months. If t > 60, the
next age group is used, and the process is repeated, until a date of

death within the age group is generated.

4.2.3. Tabulations
POPSIM provides tabulations of the initial population as well

as at the end of each "step" of simulated périod. The rates (death,

“birth and marriage, ete.) are printed for the last year of each

steﬁ at the end of simulation period, as well as after every 20
steps. A vital event history tape is written for each individual in
the computer population, and this feature can be used for special

tabulations or further analysié of the simulation data.
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‘4.3. Changes Made in POPSIM for Use in this Study

The number of vital events which can occur to an individual
was reduced in this study, which cut the data réquirémént to a
minimum, and still served the purpose of analyzing birth intervals.
No males were included in this study. A woman could have only
the following events occurring to héri
(1) deatn
(ii) marriage
(iii) 1births
(iv) sterility.
The sub-routines to generate date of an event were thé samé
as in POPSIM with the exception of births. All conceptions were
assumed to end in a live birth, unless the woman died. In addition,
the interval to next birth was assumed to havé a lognormal distri-
bution with paiameters depending upon ﬁarity of & woman. For all
other events, date of an event was generated using inverse of thé
geometric distribution within a time period as in POPSIM uséd at
the University of North Carolina at Chapel Hill.'
The events were recorded on tape, and another program, SURVEY,

was used to get desired tabulations of birth intervals.

k.4, SURVEY Program .

SURVEY provides tabulations of intervals by duration and up to -

two more cross—variables. The tabulations span all the members of
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the population, or if desired, a sub-population (g,g,, females only,
a population aged 15 years and above on survey date, etc.) can be
chosen for which any number of tables can be provided. SURVEY can
provide tabulations for birth intervals, contraceptive segments,
conception intervals and conception delays, and the type of intervals
may include open, immediate past closed,’straddling, all previous
closed or ith closed intervals. Means and standard deviations of

intervals are also computed in these tabulatioms.

k.5. Estimation of Parameters for Generating Events

As described in Section 4.1, generation of events as well as

'an initial population with the desired demographic characteristics

requires use of parameters in POfSIM program. A sample initial
population of specified size (approximate size, because of random
variations) had the following characteristics assigned to all women:
(1) age,
(ii) marital status,
(iii) age at marriage,
(iv) durstion of marriage,
(v) number of children born,
(vi) age at sterility.
These characteristiés were assigned by methods explained in

Section k4.2,
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4.6, Birth
Data for birth intervals by parity of women and age are scarce.
Henry [1956] has, however, published some data for ancient Geneva

th centuries), reconstructed from their histories.

femilies (16°P-20
These data include the length of birth.intervals for each woman by
parity. It was decided to use these data for our purpose of simu-
lgting virths among women.-

A lognorﬁal distribution was fitted to these birth intervals
for each parity. Table 4.1 shows the computer chi-square value for
the fit for each parity.

Thus, if Xi = length of ith birth interval, then log-Xi is
approximately normally distributed with mean (~1log pi) and variance
@, . Py and a, were estimated using maximum likelihood estimation
technique. A polynomial in parity was fitted to pi_and ai and the
results are shbwn in Table L.2. "

The fitted polynomials used'in this study were:
p. = .052567 - .011k25 i + .003269 32

- .000k20 1% + .000019 i*
R® = .9L8

and,

a. = .49830 - .85058 i + .72855 12 - .29005 i3

+ .05801 ih - .005622 15 + .0002095 i6

R™ = ,965



TABLE 4.1, COMPUTED x2 FOR GOODNESS OF FIT OF
LOGNORMAL DISTRIBUTION TO BIRTH

INTERVALS
2

PARITY OEEE§§§§OM cgg%gggng (FRSMO%ABLE) -IggéR$£L8»>
0 6 12.12 12.59 Th
1 5 9.51 11.10 67
2 7 3.28 k.10 66
3 5 9.12 11.10 Sk
L T 13.22 -~ 14.10 L8
5 6 6.46 12.59 Lo
6 6 | T.65 12.59 3k
(f T 8.00 14.10 25
5.11 9.49 17

9 1 0.60 3.84 8
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TABLE 4.2. COMPARISON OF M.L.E. ESTIMATES OF

gaLéﬁgM%iLWITH ESTIMATES FRQM

.L.E. ESTIMATES POL&NOMIAL ESTIMATES

PARITY

Py % i %
0 .527 ~ .hogk . 5257 4983
1 LLho .1307 Juho1 1388
2 .390 .1785 <397k 1526
3 .386 L1131 .3791 1576
L .366 .1839 -371k Lk
5 .387 146k .3651 16k1

6 .337 .2059 .+ 3554 .2110

T .327 .2069 .3419 197k
8 .353  .1189 .3201  .1231
9 .318 .3796 .3258 .3789
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L.7. Monthly Probabilities of Death by Age

It was decided to use life table functions to estimate the
monthly probabilities of death. The Regional Model Life Tables
computed by Coale and Demeny [1966] were source of the two 1life

tebles used in this study, with eg = 10 and ez = 60, model West.

Let
% = number of survivors at exact age x
and 60Lx = person years lived ages (x,x+60) months
Jx+60
= 5, ax (k.1)
x
Then

Probability of survival from age group (x,x+48) months to age
group (x+60,x+108)

60LX+60

i
60 *

(4.2)

Assuming that the event of death has an exponential disfribution

with parameter § within an age group, we have, the probability of

survival

- L

J -8t . _ -605 _ 6o X*60

se% at = e =80 _

60 Lx
60

(k.3)
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which yields
1 60 X+60 |
§ = - 75 log —f— : (4.k)
60 *

The Weibull distribution did not fit these monthly death
probabilities well for ages greater than 15 years. Therefore, the
monthly probabilities derived from Regional Model Life Tables were

used in POPSIM.

4.8. Age at Sterility

A lognormal distribution for (50-age at sterility) was used
for this simulation experiment. If f is age at sterility, then

log(50-Y) was deemed to be distributed normally with mean 1.9 and

wvariance of 0.5.

4.9. Yearly Probabilities of Marriage

Conditional probabilities of first marriage were obtained

from the Khanna Study, conducted in Khanna villages of Punjab, India.

Let Cx'= cunulative number of marriages to age x. -
and N = number of single women at age 15.
Then,

yearly probabilities of marriasge in age (x,x+1)

¢ _-C
x+l X

N-¢C
b'd

Table 4.3 gives the cumulative number of marriages for certain

ages.



TABLE 4.3. NUMBER OF MARRIAGES
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CONDITIONAL NO. OF - NO. OF

AGE PROB. OF UNMARRIED  MARRIAGES CuﬁgﬁﬁgIVE
x FIRST MARRIAGE  WOMEN AT IN AGE R
IN (x,x+h) AGE x (x,x+h). x+5
15 . 864 10000 86L0 8640
20 .90k 1360 1230 9870
- 25 .15k 130 20 9890
30 .091 110 10 9900
35 .000 100 0 9900
ho .000 100 .0 9900
45 .000 100 0 9900

Source: Khanna Study, (1965)
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Polynomials were fitted to the lest column e in Table 4.3.
Cumulative number of marriages at single years x, x+1l, x+2, x+3, x+b
were estimated from these polynomials, and yearly probasbilities of
marriage computed.

One may wonder what the effect of fhese paramete;s would be
on the ascertainment methods themselvés, siﬁce these estimates are
from different sources. However, for the purpose of our study, we
believe that this effect would be minimal, because even though the
sources of information, from which these estimates were derived,

are different, these are congenial to each other. For example, the

“initial age distribution was so chosen from Regional Model Life

Tables that it reflected the fertility level of Geneva women and the
mortality level of eg = L0 years. The marriage pattern of Khanna
Study women gave'rise to early marriages and high fertility levels

which were not far from those of Geneva women.



CHAPTER V. SIMULATED POPULATIONS AND
ANALYSIS OF BIRTH INTERVALS

5.1. Introduction

As described in Chapter I, a cross-sectional pbpulation is a
weighted mixture of several cohort populations, the weights deter-
mined by the age-sex-marital status distribution of the desired
cross-sectional population. To achieve a better understanding of
various distributions of birth intervals under different ascertéin—
ment plans, it would, therefore, be helpful if these distributions
were also determined for some sample cohort populations. It was,
therefore, decided to investigate some cohort populations first, and
use any experience gained in the analysis for designing the study of
the cross-sectional populations.

At the risk of beiﬁg repetitive,'a brigf description of the
cohort and cross-sectional populations is given next.

A1l of the computer populations were restricted to female only.
While the cross-sectional populations included all the‘primary mem-~
bers as well as the femalés‘born during the simulation period, the
cohort populatidns consisted of only the primary.members and the

female births were not included.

5.1.1. Cohort Populations

An initial population of 500 women aged 15 and married were the
members of first cohort. The sample size of 500 women was based upon

the cost considerations of computer -time based upon previous
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experience of POPSIM use.‘ The second population was same as first
cohort with the exception that fhe expectation of life at birth for
the second cohort ﬁas 60 jeérs as compared with ﬁo years in the first
cohorﬁ. The next cohort was same as the first one, except that input
birth intervals were increased by 25% after the women reached age 30
years, and that the size of initial population was 1000 women. The
last cohort.consisted of an initial pépulation of 1000 women aged 15
years and single at the time of initialization. Table 5.1 contains
the details of the cohort populations.

Since all‘ﬁembers of an age-cohort are the same age, it is
simpler to write a computgr program to generate the initial popula-
tion than to generate one at random, since the characteristics of
the poéulation such as age,‘marital status and fertility history of
15 year olds are not subject to rgndom varistion. Also, it is faster
to read in a population than to generate it with ité history. The
initiél populations in the cohorts, therefore, were read in with

appropriate histories of the members of the populations.

5.1.2. Cross-Sectional Populations

For cross—sectidnal populations, it was decided to use the
generate the initial population at random. In POPSIM, the‘simulated
initial computer pdpulation is considered a random,sample, repre-
sentative of.the parent populationf To generate this random sample,
age-sex distribution of fhe parent population is'needed, and an.
appropriate stable popula.tion from model stable populations computed

by Coale and Demeny was decided upon as the parent population.
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For eg = 10, a death rate néar 25 pér'lOOO.population seemed
reasonable. From the experience gainéd from génération of fértility
histories of women in cohort populations, a raté of growth of about
3.5% pef year was considered appropriaté. Thé’population selectéd
will be considered in Section 5.4. For this population, wé had

24.65 per 1000 population,

Degth rate

59.65 per 1000 population, and

Birth rate
r = rate of growth = 3.5%
This initial population of 500 women was generated for a period of

30 years, with all female births becoming part of the population.

-The population thus generated became the initial population for each

of the four cross-sectional populations géneratéd for 15 yéars latér.
This initial population was called run 1. Run 2 generatéd'vital
events for members of population of run 1 for anoth§r715 yéars
without any change in parameters. Runv3 was similar to run 2,
except for the level of fertility. The input parametérs for this
run were changed as to permit an increasé in input birth intérvals '

by 50%. The birth intervals obtained in this run were compared to

those obtained in run 2 for assessing the effect of decrease in

fertility on differént ascertainment plans. Run 4 was similar to rum
3, with the input‘pirth intervals increasedvby 50% for only thoéé
women ﬁho had ‘achieved parity 4 or more. Run 5 had all thé paramétérs
of run 2 except for ez = 60 instead of e2‘= L0 of run 2 to study thé

effect of decrease in the level of mortality on mean birth intervals
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obtained using different ascertainment plans. Table 5.2 gives the

details about these cross-sectional populations.

5.2. Birth Intervals in Cohort Populations '

The following birth interval ascertainment plans were analyzed
for each cohort:
(a) all previous intervals ending by age A.
1. all previous intervals ending before
age A.
2. open interval at age A.
.th . .
3. an i~ interval ending at age A.
(b) all intervals ending after age A.
4, an B interval starting at age A.
.th . .
5. 177 birth occurring before
TR < R .
‘age A and (i+l) ~ birth occurring
-after age A--Straddling Interval.
6. all intervals beginning at
age A, and ending before'age
45--Interior Intervals.

(¢) T. immediately previous closed interval.
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The interval in (c) above is applicable both to (a) and (b). For
aséertainment plans 3 and 4 gbove, a one-year time feriod was.used
instead of age A, since fhe probability of any interval ending or
beginning at exact age A isvzero, and we would not obtain any birth
intervals in these categories, otherwise.

To test whether two mean bifth intervals (in the same ascer-
tainment plan) were equal, a t-test was used. Let HO: My = Mo be
the ﬁull hypothesis against the alternative H,: # ﬁz. The

statistic for testing this hypothesis is

t* = 1 2
/1 1
8 S 4 =
P /'Nl N2

where 52 is the pooled mean square estimate of 02. This statistic
was used withA(Nl+N2—2) degrees of freedom. A P-level was obtained
for each of the tests, and where applicable, Pearson's PX test was

used to obtain a combined level of significance. The statistic for

PA test is

. K

# o= _

ph 2 .2 log_ P,
i=1l

and is distribﬁted as x2 (2x ) where k is the number of independent
tests} Level of significance was arbitrarily set at o = .05.
To test'whether the decrease in fertility resulted in a pro-

portional increase in lengths of the different mean birth intervals,
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the appropriate null hypothesis would be HO: W <1l.25 By (or 1.50

¥,» &8s the case may be) versus H,: My

the increase in input parameters for births was 25% or 50% in

> 1.25 y, (or 1.50 ue), where

different populations.

5.3. Examination of the Ascertainment Plans -

5.3.1. All Previous Intervals Ending Before Age A

In an age cohort, the terms "survey date" and "age of woman"

are Iinterchangeable, since the difference between those two is

~constant. For example, since the women were aged 15 years-at time

zero, a statement referring to the women's age A years automatically
refers to the survey date of (A-15).

All'previous intervals ending before age A can be determined
in two ways; all intervals whether any dean is living or not
(prospective ascertaimment), and all intervals for living women only
(retrdspective ascertainment). These intervals were tabulated for
parity completed and by age,vthe differént ages being 25 years to
45 years in'steps of 5 years.

Table 5.4 gives the mean birth intervals for certain selected
group of women at each age. These intervals are computed for all
women, whether or not ali've at a particular sufvey date. The women
were so selected that each of mean birth intérvals in Population
No. 1 were most nearly equal fo the corresponding input birth
intervals. This implied selection of 25 year olds with L4 births,

30 year old women with 6 births, 35 year olds with 8 births, 40 year
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Th
olds with 9 births, and 45 year old women who had exactly 10 births.
This selection scheme was only to provide an'éxaméle, and any othér
group of women would equally be effective in discussing thesé
intervals.

As can be seen from this table, the change in mortality lével
from eg = 40 to eg = 60 years has very’littlé efféct on méan birth
intervals at all ages and parities. Thé difference was non-
significant for all ages of women.

The effect of reduced fertility is not readily apparent on

these birth intervals. A closer look, however, indicates the

~

direction in which these intervals would be influenced by change in
level of fertility. _Let us consider a women with parity 8 in run 1
and énother woman of equal parity in run Ut at survey date 35 years.
Both of these women have had eéual time for reproduction, but the
woman in run 4 had been subjected to 1bwer fertility for 5 years, and
her last‘two intervals total approximately 5 Years on the average;
The woman in run 1, however, had not been exposed to;reduced ferti-
lity.and her last two intervals were, on the average, shorter than
those in run 4. With constant time for reproduction, however, this
implies longer intervals up to parity 6 for woman in run 1 compared
to the woman in run 4. This phenomenon is observed in-Table 5.h4,
though the increase in the last few intervais is not proportional.
The number of intervals which could be affected is determined by the

time elapsed since the change in’fertility.



o NAE % NNY
ZNRY T NN S1 SIVAMILNI  HL¥I@ 3HL 4U ¥3IGEG 3H1

T3 3HL NI S3ITYINT ON ATdhl #dookk#

75

(84% ) (09€ ) (802 ) (%12 ) (S61 ) (zZ2Z ) (022 ) (€28 ) L0E€Z ) (%b% )
9612  E9°0€  66°LZ  HE*DIE  66°62  66°LZ  S€°¥Z  66°9Z  £9°22  I9°Se
(29€ ) (€22 ) (60T ) (LOT ) (SST ) {2T1T ) (LLT } (6ST ) (26T ) (oLl )

9e°82 $6°82 88°62 Z1°DE S¥°lZ £b°Le S§L*92  94°92 €9 °52 €e°6e NV3IW

1916 OTBE  #kkkick  fatiak kkkkhk  Rakhkk kAkERE RRRREK KRKRKK  RKEEKRK

‘6L°wE 6L %E WRRRRR RRRRRR RRRRKE RRIRKK RRRRRE OKRRRK RKlRkk kkkkkk 6 GOLE
T TG %0E T2 T L0VHET G TEE T Rk wkddkk  dokkkkk  kkiokkE  kkKkEE  RkkREE o
U - : LLBETEE  kdakkdck  omkokdok | kdokdokk okdkkdok orkokwokk kksokkx 8 68°2¢ .
- S8°62 %2 .om.,. LI1°Te  QE°Iy 8% 12 06°2%  wdokkdkk  dokkdokk  kkokokdkok  ckkkkkx o0
061 ge* ¢t SlL*he ‘60%Ge T weeZe T 8etiE dobdokk  okkkkk  ordoklokk | dopkkE X L L2 ¢k
T T GO TS CGE T T UREYIE T TLLC9E T L0V T HETOE | Takkukk  Akkdokk  mEkkkk  RAKKAK o T
e BEtOE XTL6Z  T9tWE L6°1E  ZTITOE  Z9T6Z . kkkkkk  dokkikk  RRREIE  RREREKK I X2 42 }
i Iyteg L8 A1°0€ 29°82  2€°6C  BL*9Z  9E°BZ  0%T0E  kkkkkk  okkdkkkk e
b3 A T4 19°6¢ PETEE L0 1t L T -Y4 go*gz 81°0¢ 62°L2 Kodokkiok ok ddokkok S ‘€L 6c
LTI NG TGl T UE6 6 Le 2T 66T 1892 22762 96°87  smmkkx  mAkdokkk -
e, 6082 €£1°82  YE°0E | €¥°62  y%'82  ¥O°LZ | 65162 03762  wxikxk  wkkkkx % 68°¥C
¥6°12  92°S2  29°62 60°LZ $0°92  82°SZ 26°9Z LC°6Z  99°GZ _ 88°8Z S
2L 92 86°62 L2262 41%62 #9°9¢ 96°*8¢2 £0°*8e 68°82 GE°8e #6°82 € »G* 8¢
O9°92  9%°9Z  %9°9Z  §6°SZ I HZ L9°GZ  HGHwZ  E1TLT 492 6S°LT y
.. ... ...bezeoz  69°9Z  egt8e  6%¥"0E  ZETlZ  ¥0°8Z  L8T9C  wZ°le 95*Le 61°8¢ o€ 9%t
. gBEZ  wg*€z 62° ¢N  9B°EZ  90°€Z  9Y°€Z  $8°ZZ  96°%Z  §5°22  25°%2 o
99°¢¢ wE"€2 29° S 20°se  ¥6°ge Li*%ye 2t *e2 G He 1L*%e 8L*ed 1 SE* He
80°2¢  0€°0Z 81°Zz 60°1Z $6°61 Sv*e61  1z°8T  08°12 s0°81 Is°1¢
e ... Ob°Tz  68°€Z  0S°12  1Ss°Sc  BET1Z  vwETle 8%*2z = Te°¢e 60°12 €8°0¢ R AUURT & A0 £
. : IWALIEINT
1 S 6 8 -9 B Alldvd  NvIw )
%4 (834 33 g¢ Y4 1NaNT
i { SYVIA N1) Y3HIOW 40 39V ’ -

S1dOHOD*INIWNIVIEIISY IAILD3dS0dI3Y - *SIWAYIINI Nv3IW Q3SONI SNOIAIEL IV * 5°S 31avl




76

The women in run 5 (ﬁnmarried cohort at start) had shorter
intervals than those in run 1. This stems from the fact that for
equal parities, women in run 1 had a longer time in the marital status
—-and to reproduce--than those in run 5. For example, for a woman
aged 25 years with two births in her fertil;ty history in run 1,

First closed'interval + éecond closed interval + open.intervai

= 10 years
while for a similar women in run 5,

Time from age 15 to marriage + first closed interval + second
closed interval + open interval = 10 years.

This would, therefofe, yield shorter closed as well as open inter-
vals for an unmarried cohort (at initial time) than for a married
cohort.

| Mean birth intervals for living women only are tabulated in
Teble 5.5. The group of women selected corresponded to those in
Tgble 5.4. Here again, changing mortality ;evel’has a non-significant
effect on mean intervals at all ageé aﬁd parities for surviving
wemen.

Although the difference between correspbnding intervals in
Tables 5.4 and 5.5 is small, the intervals for living Wémen only are
slightly longer than those for all woﬁen. This may be, becéuse for
women who die before survey date, longer intervals may not be
included, simply because some women died before giving birth.

Because of the way in which POPSIM generates the date of next event,



[
the date of death ocgurred before date of next birth, and what could
have been a long interval would be terminated without being consi-~.
dered as & birth interval. In the case of living women, howevef,
date of death cannot occur until after the survey date, and all
intervals, long or short, are included. |

The remarks about the effect of reduced fertility for all
previous closed intervals for all women, living or not, apply here,
too. With constant time for reproduction, longer mean birth inter-
vals are obtained for parities six or less in run 1 compared to the
mean intervals for women in run 4, where the fertility was reduced
by increasing the input birth intervals by 25%.

As in the case of all previous closed intervsgls for all
women, the cohort with single women as thé initial population had
shorter mean birth intervals as compared to the cohort with married
women as the initial éopulation; because of the shorter marital

duration for unmarried .cohort.

5.3.2. Open Intervals

An open interfal is defined as the time period between the
last birth and the survey date and are based upon surviving women
gt survey déte. Thgse intervals were determined by age (25 years
to 45 yeérs, atVS—year intervals) and by parity, and are tabulated

in Table 5.6.
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A decrease in‘mortalify level from eg = 40 to 60 years does
not significantly change tﬁe mean open birth interval. A 25%
increase in input'meén élosed intervals, i.e., a decrease in ferti-
lity, however, results in significant difference between correspond-
ing open intervals o’btained in popula.fions 1 and 4. The difference,
however, is in opposite_direction to change i closed birth inter-
vals. Moreover, while the ox}er—all decrease in mean open interva.ls
at each survey date is apbroximately 25%, the same is not true about
these open intervals at each parity.

The resultant decrease in the mean length of open intervals

when input closed intervals are increased by 25% may be unexpected

. at first glance, but can be explained by a simple example below.

The example here considers women of parity 2 arbitrarily, and proof
for any other paiity will be similar. The notation here is for this
example only, and should'not be cbnfused with earlier ones.

Let -

62 = open interval of a woman of parity 2, before
fertility change.
W, = open interval of woman of parity 2, after

inerease in closed interval.
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Now, w,.1s a weighted average of 0o and 032, where

new open interval for those women who would still have

two births before sﬁrvey date,
and ©,, = new open interval for those women who would have two
births (instead of three) because of fertility decrease.

There will be very few women with open interval 0 i.e.,

12?

those women who would have two births now (instead of one) because

. of decrease in fertility, and may be ignored without seriously

Jeopardizing the argument, here.

014 Fertility Parameters New Fertility Parameters
! l L e2 | L 1 |922
I I N ] | ] I
2] ' ,
i ! 1 13 L ] ! 0?2 |
| — I | — f | | |
Age 15 ‘ Survey Age 15 : : Survey

Date . Date

CHART 5.1. OPEN INTERVALS, COHORTS
Now, 6, > Opp s @3 <6, and v, = ¢; 6y * (l—cl) @32 where, ¢, is

proportion of women ﬁith open interval 9 o €]

5 3 may or @ay not be

2

. less than 0. If 632 5'63, then w, < ¢; 0, + (l—cl) 0,> l.e., W, <

3 .
62. Even if, however, 632 > 63, one would expect 932 to be nearly

equal to.@ in which case,

2;
Vp =y 0y + (1-c)) B4y

<0 9+ (1mey) 0, = 0



81

Even if 032 > 62, it would have to be sufficiently larger as to

counteract the decrease because of 622 < @2, Thus, it seens, fhat

only under very restrictive conditions can w_ be larger than ©

2 2’
The women in run 5 (unmarried cohort at start) had shorter
open intervals than those in run 1. The reason for this is

explained in Section 5.3.1.

5.3.3. An ith Interval Ending at Age A

Since not many women in a population of 500 or 1000 women
have a birth of séme order at a fixed age, it is better to use an
inter&al of time as reference point during which a birth interval
should end. If, however, this integval of time is too large, any
birth intervals beginning and ending in this time intérval would be
omitted. It was, therefore, decided to use an interval of one
year as the reference periéd in this study.

The change in mortality does not significently affect mean
closed intervals obtained in the aforementioned ascertainment plah,
as can be seenifrom Table 5.7.. There are too féw women having an
interval ending at later ages and even though an increase.in input
birth intervals apparently resulted in an increase in mean birth
intervals, there is no obvious trend in this lengthening. Mean
birth intervals for the unmarried cohort, as usual, were sho?ter
than corresponding intervals in the married cohort, because of the

short marital duration for women in run 5.
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5.3.4. An ith Interval Beginning at Age A

As explainéd in Section 5.3.3, the reference ﬁimé intérval
was taken as one year in this case as wéll; béCausé véry}féw womén
had an interval starting at same point of time. Tablé 5.8 tabu-
lates mean birth intervals for selectedvagés and paritiés, and
discussions in Section 5.3.3 hold for this section also becausé
except for those few Womeﬁ who have completed their paritiés or die,
an i®® interval ending in age group (x,x+1) also signifiés the
beginning. of (i;l)th birth interval, starting in.agé group (x,x+l)

years. While one—year'age groups selected for this ascertainment

: are different from those in Section 5.3.3, the results are similar

for the two ascertainment plans.

5.3.5. Straddling Intervals

A straddling interval is defined as thé Closéd intérval which
"straddles" the survey date, i.e., as the inﬁérvél which begins
before survey date ana ends after it.

Teble 5.9 reveals that as all other ascertainmént plans dis-
cussed so far, lower'mortaiity has insignificant éffect on méén
straddling iﬁtervals, too. Straddling iﬁtervals are also slighfly
lower for women in run 5 thén for‘thosé whé start as marriéd at .

age 15 years.

The reduction of fertility, howeVer, has a substantial impact

on straddling intervals, which tend to increase with decrease in
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fertility. A 25% increase in input clésed birth intervals resulted
in more than 25% increase in straddling intervals'af survey date 15
yeafs'(age 30), while at survey date 20 years, resultant increase
was 25%. One would be tempted to infer that straddling intervals
show the effect of decreased fertility in less than 5 years, but
this may lead to wrong conclusioné. First; the data is insufficient
for assessment at later survey dates, and second, it takes Jonger
than survey period to compute straddling intervals, since by
definition, these intervals end after survey date. As will be seen

later, however, straddling intervals seem to be a sensitive index,

- even for cross-sectional populations.

5.3.6. Previous Closed Intervals

These intervals were ascertained by age of mother both at
beginning ofvinterval and at end of an interval. Age of mother at
survey date can also be used, but in a cohort poéulation, fhis
would be a duplication of efforts, because at survey date, say, T
each women in cohort is of age T + C years where C is the age of

women at survey date zero. Thus, if we determine birth intervals

" by age of mother, it also determines the birth intervals by survey

date,

The decrease in mortality level does not significantly alter

mean birth intervals, classified by either method for mother's age.

Also, women in the unmarried cohort had the shorter mean birth

intervals than those'in the married cohort of run 1.
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The decrease in fertility resulted in a corresponding increase
in mean intervals in both Tables 5.10 and 5.11.
A summary of the results for the various ascertainment plans

appears in Table 5.12.

5.3.7T. Interior Intervals

All intervals that begin and end in age group (A,A+y), where
¥ is predetermined, are termed interior intgrvals, with respect'to
agé. These birth intervals are also interior with respect to
survey date, since we are dealing with cohort populationsf

These intervéls are useful in comparing the original input
distribution of birth intervals with empiricai distribution, and
will 5e described in greater detail in the section dealing with
comparison of parity specific interval distribution, léter in this

chapter.

5.4%. Cross-Sectional Population
In POPSIM, the simulated initial computer population is con-~

sidered a random sampie, representative of the parent population.

. To generate this random semple, age-sex distribution of the popula~-

tion is needed. It was decided to use a stable population as parent
populéiion, from model stéﬁle populations computed by Coale and
Demeny. |

For-eg = 40, a death rate near 25 seems reasonsble. From the

experience gained from generation of fertility histories of women
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in cohort populations, a rate of growth nearing 3.5% per year was
considered appropriate. Table 5.13 gives the needed age distribu-~

tion for females.

TABLE 5.13. AGE DISTRIBUTION FOR FEMALES
: IN THE INITIAL POPULATION

AGE . PERCENTAGE
(in years) OF FEMALES

0-1 5.18

1-4 16.29

5-9 16.36
10-14 13.32
15-19 10.84
20-24- 8.7k
25-29 6.99
30-3h 5.56
35-39 k.39
Lo-LY4 3.L45
45-kg 2.69
50-5L 2.07
55-59 1.5k4-

60+ 2.58
TOTAL 100.00

Source: Coale, Ansley J. and Demeny, Paul, Régional
Model Life Tables and Stable Populations,
Princeton University Press, Princeton, New
Jersey, 1966, p. 42.




In this population, we had

Death rate = 24.65 per 1000 population,
Birth rate = 59.65 per 1000 population, and
r = rate of growth = 3.5%

5.5. Cross-Sectional Computer Populations

An initial sample of size 500 was generatéd using the female
age distribgtion in Table 5.12. A history of marriage, births and
sterility date was generated for each member of the initial popula-
tion until time oflinitialization. Events were generated for each
of these women and recorded on the history tape. All female births
became members of the computer population. At end of 30 years of
simulation, a total female population of 1605 was obtained. This
population was the initiai population for each of four subsequent
runs used in this analysis.> These cross-sectional populations are

described earlier in this chapter in Table 5.2.

5.6. Birth Intervals in Cross-Sectional Populations

Following are the ascertainment plans used to comﬁute birth
intervals in cross-sectional populations.
(i) open birth intervals, by parity,'b& age of mother
gt survey time.
(ii) all open intervals, by parify.
(1ii) straddling intervals, by parity. |
(iv) rall previous-closed intervals,‘by parity and by total

number of intervals at survey date.

92
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(v) all previous ciﬁsed intervals, by parity.

(vi) previous closed interval by age of mother
(a) age of mofher at beginning of interval
(b) age of mother at end of interval

(c) age of mother at survey date.

5.6.1. Open Birth Intervals, by Age of Mother at Survey

Since the length of intervals increase with parity (and age)
of a woman, we would expect longer intervals, both closed and open,
as the age of mother increases. This trend is apparent in the case
of open intervals in Tabie 5.14, at -each survey date. Change in
mortality level does not significantly affect the lengths of open
intervals while the decrease in fertility is reflected in a pro-
portional increase in open intervals. We have called an index
robust if there is no change in it over time if the factors which
do not directly affect fertility are the only oneé which undergo

changes over time. Open birth intervals by age of mother are robust.

5.6.2. All Open Birth Intervals

Table 5.15 gives all open intervals by parity of mother at
different survey date. The decrease in mortality significantly
increases open intervals at each survey date, and these intervals
decrease over time for each of four computei populations investi-
gated. Therefore, these intervals are not robust even though they

are sensitive to changes in fertility. For example, decreased
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fertility is reflected by increased birth intervals in runs 3 and k.
This increase, however, is less than the change in parameters used

for generating these computer populations.

5.6.3. Straddling Intervals

A1l intervals which include the survey date A straddlé A, Thésé
intervals, however, cannot be measured at survey daté, sincé thésé
intervals, obviously, have not been completed by that timé.‘ Follow .
up of each woman until her completion of that interval, or until the
end of her fertile period, or until hér death, whichevér occurs
first, would yield these straddling intervals. A truncated distri-
bution of these intervals can be obtained at any time aftér the
survey date, and in high fertility situations, where bifth intérVals
are shorter, this truncation‘effect will be negligible, especlally
if these intervals arevmeasured at least 5 years after survéy daté,
since only a few (though long) intervals will bé ﬁissed.

The effect of decreasing mortality on straddling intervals is
insignificant, as can be observéd from Table 5.16. Thé éffect of a
decrease in fertility, however, is reflected by a corrésponding
increase in the straddling intervals. The change in these intervals
over time is insignificant in‘all computer populations.

5.6.4. All Previous Closed Intervals, by Total Number of Intervals
at Survey Date .

As in the case of cohort populations, these intervals can be

measured in computer populations prospectively and retrospectively,
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i.e., for all women, whether. living or not, and for living women

only; and as in cohorts, the mean birth intervals are slightly

longer for surviving women than for all women.

Change in mortality does not significahtly affect these
intervals, nor do these intervals change significantly at different
survey times. Decrease in fertility, however, is reflected by an

increase in last few closed intervals only, the number of intervals

affected depending upon the time elapsed since change in fertility

level.

5.6.5. All Previous Closéd Intervals

These intervals are weighted averages of the intervals
obtained in Section75f6.h, the weights being the number of women
in each parity. The intervals for all women are slightly shorter
than those forvliving women only. Mortality change does not signi-

ficantly affect the mean birth intervals, buf more importantly,

-fertility changes do not affect the mean intervals significantly

until about 15 years after the decrease in fertility. These ihdices,

therefore, cannot be referred to as sensitive indices.

5.6.6. Previous Closed Interval by Age of Mother

Age of mother was grouped in five-year age groups and ascer-
tained in three ways:
(i) at beginning of birth interval,

(ii) at end of birth interval,

(iii) at survey date.
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The discussion in Section 5.6.4 indicated that the last closed
interval may be a sensitive fertility indei worth looking into, and
therefore, it was decided to investigate this particular birth inter-
val in more detall by mother's age at different times. As in other
ascertainment plans, the effect of decreased mortality is insignifi-
cant. The effect of decreased fertility, however, is mixed, as
evident from Table 5.18. For the earlier age groups, the last birth
intervals increased proportionatély, while for later ages of mothers,
the increase in length of previous closed intervals is smaller.
This -could be due to a truncation effect, as sterility and end of
fertile period play their roles. This truncation effect is espe-
cially evident in the birth intervals where the age of mother is
determined at the beginning of interval. A woman who has a closed
birth interval starting'at age, 42 years, does not have a very long
period before the end of fertile period sefs in, and, therefore, that
particular interval would be, on the average, of'shorter length than
if it had'starfed when age of the woman was, say, 30 years.

~Previous closed intervals do not significantly change over a
period of time, other competing risks beingvconstant, and, there-
fore, can be regarded as robust.

Table 5.21 summarizes thé discussion about various methods of

ascertainments above.
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5.7. Investigation of Sensitivity of Selected Indices

The discussion so far has centered ﬁpon whethef or not a parti-
cular ascertainment plan gives rise to birth intervals which would
indicate changes in fertility, if there have been any,‘and whether
these infervals are robust. These analyses, however, were based
on survey dates five years apart, and any changes could be reflected
no earlier than five years. For an ihdex to be termed sensitive, it
is desirable for change to be reflected as soon as possible. This
section is devoted to further study of those methods of ascertain-
ment which showed promise.as sensitive indices. Previous closed
interval was a promising index in the analysis of cross-sectional
populations, and it seemed reasonable to investigate this index in
two more ways, namely, by parity (for all birth intervals), and
by parity (for all intervals ending after survey date 360 months).

The different birth intervals‘investigated for short-term
senéitivity chénges are as follows:

(i) all open intervals, by parity.
(i1) straddling intervals, by parity.
(iii) previous closed intervals, by age of mothér
| (a) at survey date
(b) at beginning of interval
(¢) at end of interval.

_(iv) previous closed intervai, by parify.

(v) previous .closed interval; by parity; only those

intervals to be considered which end after survéy date
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360 months. (The parameters for fertility decrease
were changed after survey date 360 months in runs 3 and
L).
Runs 2, 3 and L correspond to the numbered runs in the cross-
sectional computer populations in Table 5.2, éarlier.
Instead of tabulating the above intervals at survey dates 5
years apart, we tabulated them at survey dates 384 months, 396
months and 408 months. Since the effect of mortality had been deter-
mined as non-significant in all methods ‘of ascertainments, this
effect was not studied in these tsbulations.,
The intent was to find the shortest period of time for each of
the above ascertainment plans after the change in fertility had been
put in effect so that the increase in birth intervals was propor-

tional to the change in input parameters.

5.7.1. All Open Intervals

These intervals ﬁere tabulated by parity of the mother at sur-
vey date 32 years, 33 years and 3L years, i.e., two, three and four
fears after the fertility decrease had been effected. As can be
seen from Table 5.22, these intervals show increase in qu years,
but the increase is not as much as 50%, the amount of the increase
in input parameters. Further, with the advent of time, these inter-
vals tend to decrease within each run, even though no parameters
have been changed. This index, therefore, ﬁhile sensitive, is not

robust.
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5.7T.2. Straddling Intervals

Table 5.23 contains the straddling intervals by parity which
straddle different survey dates. These intervals show proportional
increase three years after the reduced fertility hés been in effect.
HOwever, it would take longer than three years to obtain all straddl-
ing intervals, because all of them would end after survey date 33
years, |

These infervals are robust, since these do not change if any

parameters directly affecting fertility remain unchanged.

5.7.3. Previous Closed Intervals

These intervals were classified by age of mother, and by parity.
The age of mother was determined at survey date, at the beginning of
the birth interval, and at the end 6f the interval. Tables 5.24
through 5.28 give the:mean previous closed bifth intervals cross-
tabulated by the above classifications and at survey dates 32 years,
33 years, and 34 years. |

All the classifications show these intervals to be robust, but
the minimum time required for showing change in fertility in each
case was at least four years which was for intervals ending aftgr the

fertility change had been effected.

5.8. Comparison of Distribution of Birth InterVals——Inpuf and
Output

In the present study, known distributions of birth intervals by
parify were used as input in generating births in the computer popu-

lations. It would be of interest to know how the distributions of
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TABLE 5.29. SELECTED BIRTH INTERVALS:
CROSS~SECTIONAL POPULATION
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TIME REQUIRED FOR

KIND OF BIRTH INTERVAL

PROPORTIONATELY

INTERVAL TO INCREASE ROBUSTNESS

1. All open intervals

2. Straddling intervals

3. Previous closed interval,
by age of mother at

(1) survey date
(ii) beginning of
interval
(iii) end of interval
4. Previous closed interval
5. Previous closed interval;

for intervals ending after
survey date 360 months

Less than propor-
tionate increase
in two years

Three years®

Between four and
five years

More than five
years

More than five
years '

Five years

Four years

Yes

Yes
Yes

Yes

Yes

Yes

*¥It will take more than 3 years to obtain all the straddling

intervals at survey date 396 months.
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birth intervals are affected by changes in fértility, and whether we
can make any predictions about the actual (input) distributions
basing our judgment on the output distributionms, i.e., whether the
distributions of output birth intervals’reflect any changes in ferti-
lity. This section, therefore, is devoted to comparisons of these

input distributions with those obtained as output from the use of
POPSIM and SURVEY programs.

The functions chosen for comparison are distribution funetions.
The Kolmogofov-Smirnov test will be used to compare the time and the
empirical distribuﬁion functions.

Let H be any completely spebifigd distribution, and let F be
an empirical distribution. We want to test H.: F = H against the

0

general alternative HA: F # H; Then, the Kolmogorov-Smirnov test

uses the statistic

D = sup | F(x) - H(x)|
: x

as test criterion. Tabulations of this criterion are availsble

(Miller [1956]). This test is conservative for grouped data,

5.8.1. thort Populai;,ions

The distributions considered here were distributions of interior
birth intervals interior to age groups (15,30), (15,35), (15,40) ana
(15,45) years, i.e., all the intervals which started and ended within
a particular age group. Both fhe lower and upper age limits are
arbitrary and chosen only as means of providing an example. Any

other age grqups would also serve the purpose adequately, though any
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upper limit less than 30 years would not inélude any intervals
affected by changes in parameters fof fertility.
Table 5.30 gives the empir;'Lcal distribution function for the
married cohort (run 1) compared to the theoretical distribution

function. In this table, ' !

x
, Hi(x) = f hi(x)dx, theoretical distribution function
-0
for birth order i
and Fi(x) = ) fi(x)dx, empirical distribution function

for birth order i

We find that as long as the fertility level does not change,

Hi(x) are approximated nicely by Fi(x) with P > .20 in lower parities

and .05 < P < .10 in higher parities. We cannot make the same claim;
howeVer, when the parameters affecting fertility are changed, as can
be seen in Table 5.31. In thisvtable, in loﬁer_parities, there has
not been any changes in fertility level, bgcause'most éf the lower
parityAbirth intervais were completed befo;e the new parameters weré
put into use.for simulation. In these iower parities, there is no
evidence which would enable us to reject Ho: Fi = Hi’ but as soon

as the parameters.change (in 68 ang higher parities), EO: F, = H
is rejected. These null hypotheses were rejected because at any
survey date after changed fertility, the distriﬁutionvof birth inter-
vals is a mixed distribution comprised of some births occurring

before the fertility change and the rest after the change, and does

not‘favorably compare either with Hi before change or with the new
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theoretical distribution (after fertility change). The parities
0, 4, 6 and T here were chosen solely as exemples, and not for any

particular reason.

5.8.2. . Cross-Sectional Population

Since the empirical distributionsin cohort populations Qompared
favorably with the theoretical distributions (in the absence of any
changes in parameters affecting fertility sub-routine), it was

decided to investigate whether the same thing would be true in case

" of cross-sectional populations. Table 5.32 reveals that even in the

absenée of any changes in fertility, HO: Fi = Hi is rejected with
P < .01 for all parities investigated. It should be noted that
distribution functions at lower values of x are reasdnably close,
and the maximum | Hi(x) - Fi(x) | is achieved near the farther end.
A truncation effect can be advanéed as an explanatién. Some of the
prospective intervals never reach that status Eeqause either the
woman dies or becomes sterile before the interval is complete. The
sterility effect is particuiarly severe, becausé the woman remains
alive and, in computing the empirical distribution, is used in the
denominator,'and Fi(x) ~—f> 1 as x » «. It is possible to eliminate

all sterile women, and recompute the empirical distributions so that

'VFi(x)-—+l as x + », In this case, however, another kind of trunca-

tion effect plays its role. Suppose we are considering a woman of
parity (j-1), who would give birth to her jth child. Then, the

(j-i)th closed birth interval would have to be completed before she
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becomes sterile or dies. >This is particularly true of women with
higher parities, since they have less time to complete an interval
than those with lower parities.

In cross~sectional populations with decreased fertilit& (runs
3 and ﬁ), HO: Fi = H; was rejected at P < .0l.
Some con;lusions based on the results of this chapter are

presented in Chapter VI.



CHAPTER VI. CONCLUSIONS

6.1. Introduction

This study dealt with computer populations as opposed to real
life populations. An attempt was made to produce cross-sectional
populations to be as élose as possible to real populations in a high
fertility situatioﬁ. The‘input parametefs for mortality, fertility
and mérriage were-chosen to approximate this situétion. The manner
in which the fertility decrease was effected are not representative
of the real life situations, since the mean birth intervals would
not usually increase uniformly at each parity in reai life. Other
limitations which should be borne in mind are:

Females were the only ones considered in the study, and any
relétionship with males which may result in divorce or widowhood was
not considered. Fertility was taken as a function of parity which

would also make it a function of age indirectly. A diréct relation-

ship of fertility with age would héve been preferable, but the lack

of data barred this consideratién. Changes in fertility were effected
uniformly over a gfoup of women, e.g., all women in a population, all
women with parity 4 or higher, ete. A more realistic approach might
be introduction of varioué contraceptive methods and different
acceptance rates of contraceptives by practicing couples, but this
would make the analysis more complicated. The birth intervals were
considered continuous time variables and measured accuraﬁely. Mea-

surement errors, were not considered.
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The artificiality of the studies of this kind‘should be recog-
nized enrpasse. The variables canAbe manipulatedvaccording to the
desire of the investigator. There are no memory lapses among the
members of population about reporting ény of the vital events,
because each event is recorded at the time of its occurrence. This
artificiality, nevertheless, is one of the reasons for making such
a study an important one, because one can control the experimental
conditions in a way such that effect of any Variable or a combination
of variablés can be studied. This study was restricted to investi-

gation of the relative sensitivity of birth interval indices.

6.2. Conclusions

This stﬁdy investigated ascertainment plan(s) to produce indices
which are sensitive, i.e., would reflect changes in birth intervals,
when the fertility level has been altered ‘and which are robust,

i:g;, would not change if none of the parameters directly affecting
fertility undergo any changes.

Mathematical expressions for the distributions of birth inter-
vals under.different'ascertainment plans involved numerousrapproxi-
mations, and the attempt was abandoned. The conclusiéné>here, there-
fore, relate to the simulation part of this study.

Open intervals had been earlier advanced as a sensitive index
of fertility (Srinivasan [1966a]). This claim was supported by the
present study, but it was seen that classification of open birth

intervals by age of mother at survey date made this index robust,; in

addition to being sensitive.
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Straddling intervals ﬁere shown to be bbth sensitive and fobust.
These intervals, however, cannot be defermined at the time of survey,
and are,‘therefore, useful mainly as potential tools for follow—up
studies.

The immediate previous closed interval is another sensitive and
robust birth interval. This interval reflected changes earlier when
classified by parity of the mother than when groupings were made by
age of the mother, presumably because the changes in fertility level
were linked directly to parity. If the changes in input birth inter-
vals had been made by considering the age and parity of the ﬁother,
there seems no reason to believe that this would be the case. The
immediately previous closed intervals which end after the date of
implementation of family planning program, however, show the ferti-
1lity changes earlier than g;;_previous closed intervals. |

Mean birfh intervals are not sensitive indices, except when
these intervals are studied by completed parity of women at the time
of survey. In that case, the last feﬁ closed intervals reflect any
changes in fertility level. This leads us back to.previous closed

intervai as the index of preference rather than mean closed birth

interval by mother's completed parity.

6.3. Practical Implications of the Study

If birth intervals are used for evaluétion of a family planning

program, the kinds of ascertainment plans, suitable for use, will
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depend upon the kind of surveys, i.e., whether the surveys are one-
time only cross-sectional surveys, or whether the population is
followed over a period of time.

Suppose a family planning program is put in effect at time T
and the population is observed for a period of_b years. Let

0 <a<b., At time T + b, one

CHART 6.1. TIME SEQUENCE OF SURVEY DATES

could ascertain all types of birth inﬁerva%s, except those which
straddle (T+b). It is possible, however, to determine those inter-
vals which straddle (T+a), if ail intervals beginning before (T+a)
end before or at (T+b). If b is sufficiently large, i.e., at least

5 years, only a very few intervals, which straddle (T+a) and end
after (T+b), will be missed. If, however, a one-time survey is
taken at time (T+a), only a few straddling intervals which straddle
a point of time occurring after the implementation of the program can
be recorded and this ascertainmen£ plan will be of limited interest.

It is possible to conduct a one-time survey at time (T+b) and get
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stradaling intervals at (T+a) where a is arbitrarily chosen. The
problem of recall of the events may be an important éonsideration,
in that event.

It appears, therefore, that the selection of an index depends
upon the type of survey and its purpose. Eor example, if the pur-
pose of the survey is to estimate fertility level for maternity needs
in a hospital, an index describing the frequency of women giving
births would be the choice, even if it may nbt be the most sensitive.
Evalustion of a family planning program, however, would require a

sensitive and robust index.

6.4. Suggestions for Further Research

The problem of measuring fertility changes over time is faced by
anyone who wishes to evaluate a family planning program. Almost
every fertility index will show the change, if there has been any, if
the time since the impleﬁentaiion of the program had been suffi-
ciently long. In most cases, however, it {s desirable to know as
soon as possible if there has been a change in the level of fertility
of the population under observation, and the need for a sensitive
index, therefore, cannot be dver—emphasized. On the'other hand,
the desirable index should not chénge if the level of fertility has
not changed, to avoid any misleading conclﬁsiops. -

The present study has tried to pinpoint such indices under the
specified limiting aséumptions and risks of happeningé of wvarious
vital events. These assumptions mey be relaxed and the changes in

fertility should be effected so as to more closely resemble the
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real-life situations. If would be of interest to know whether the

conclusions of this study hold for the analyses of latter type in

which all or some of the following changes have been incorporated:

(1)
(ii)
(iii)

(iv)

(v)

inclusion of males in computer population,
widowhood and divorce of the women,
births to unmarried as well as to widows and divorcees,

fertility parameters dependent upon age, parity and

other socio-economic variables,

contraception as one of the means of changing

fertility level.

The above list is by no means exhaustive, and any changes

which would bring the computer populations to be a representative

of the real-life populations may be incorporated.

There is further need to compare these indices with conven-

tional indices. Introduction of measurement errors would bring the

experiment closer to reality. Finally, the need fo test these

results_with real life data cannot be overlooked.
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