K. B. Pathak*

Effect of Secondary Sterility on Open Birth
Interval

1. Introduction

OPEN birth interval was proposed by Srinivasan (1967, 1968) as a
summay measure of current fetility levdd of a married woman.
However, the concept of closed and open birth intervals is well known in
tre reend theary in the fom o recurace times o resdd lifeime of a
unit a a specified time, Cox (1962). Particularly the open birth interva
is quite close to backward recurrence time. Recently various objections
have been raised againg it and it has been observed that this isinsengtive

to the changes in fecundability at least for higher parties, (Vekdacharya
1969 and Pethak, 1971).

The discusson suggests the need for a Hill deeper study of the
mechanism underlying the variation in open birth intervas associated
with different parities. The motivations behind its use as a measure of
fertility are probably the facts that (1) the information needed in its
cdculaion may be collected very easly without incurring non-sampling
erors, and (2) a better dternative to it is not yet avallable in order to
predict the current fertility levd of a woman. For a fecund woman,
open birth interval fals to reved the exact fetility leve if the point of
the legt live hirth is vay nexr to the dosavation paiod because its sstivity
is confounded with the truncation effect. It is, however, expected

*The author isthankful to Dr. K. Srinivasan for suggesting the problem and hisvaluable
discussion.

No. 11974 Denogaiyinda 133



that in case of intervening secondary erility, open birth intervd may
change dgnificantly and may therefore be trested sendtive to the
inddancedf ssooncary deility.

The am of the present paper is to examine the effect of secondary
serility on open hirth intervad by means of a probability modd derived, in
Sion 3 bdow, on te bess of some dnpe aaumpions This waud
indirectly suggest that the open hbirth interva should be used to examine
the extent of recurrence of secondary dterility after each parity a time T
from the marriage of a woman. Since age and paity of women are
postively associated, it is convenient to associate the incidence of
secondary gerility with parity rather than age as an approximation. The
findings of the study have been summarised in Section 4. The vadues of the
involved parameters of the proposed modd have been taken arbitrarily but
they are consgent with the empirical experience in India We tiave,
however, consdered only non-contracepting women for assessing the
impact of varying paterns of secondary serility on the open birth
inevel.

3. Notationsand Assumptions

(1) We denote by (0, T) the totd period of maritd life enjoyed by a
woman a the time of survey snce the date of consummeation of
her marriage. The origin of this represents the effective date of
marriage where both hushand and wife gart living together ;

(2) It isassumed that none of the women at time T=0 were pregnant;

(3) It isfurther assumed for the sake of smplicity that every conception
leads to a birth, and the chance of miscarriage is zero, giving riseto
a one-to-one correspondence between a pregnancy and a hbirth
during the period (0, T);

(4) Denoting by h the totd infecundable exposure following a
pregnancy, we assume h = a gedation period of 9 months + a
period of post partum amenorrhoea of 6 months = 1.25 years and
this is taken as congtant, irrespective of the age of the woman and
the order of the pregnancy. We dso assume for smplicity that the
legh o ths infecuncebdle expoare doss nat vay from waomen to
woman;
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(5) The number of coitions for 2 married woman during any arbitrary
time-interval (#;, £, 0 < t;, € 4, < T, 1s a random variable and-
follows a Poisson distribution with the parameter m {r, — ¢,),
where s 2> 0 is a constant. Thus the probability of having #
coitions during interval (¢, — #,) is given by

fa — )}
ol — 8" exp [ — ity — 1) @D
(6) The coitions are mutually independent and p, the conditional
probability for a coition at time ¢ to result in a conception, is
constant and is positive if there were no conception in the period
(t—h0,t <T Otherwiseit is zero;

{7 The probability that a woman with parity i 2> 0 is fecund is «; and
that she is not sois1 — «. Though it is very difficult to know
when the incidence of secondary sterility occurs, we may assume
that it occurs ounly after the end of the infecundable exposure
associated with a pregnancy. This assumption may be treated as
a first approximation to the real sifuation, " o

The above asstumptions lead to the derivation of various forms of
modified Poisson distribution which may be applied for different pur-
poses, (e.g. Singh and Bhattacharya 1970; Pathak, 1971). The assumptions
stated above are over-simplified but are supposed to give a close descrip-
tion of the reality in the first instance for studymg the eﬁect of sccondary "
sterility on the open birth interval, =~ i o e 0 -

3. Development of the Model

Now let the woman be observed at time 7 from her marriage. Then
the continuous p. d. f. of U (open birth interval after parity i at time T
from the marriage date) for a women at time T'is given by

i—i

w@)=( 5 o) i@+ (= ws)t —a) £ )
forh < U < T— (=1 ...t,.
- (;;%)fg(m) for 0 Ui < h (3.1)
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~ g~ (=D
i—-1)!
exp[— & (T —g— i)}

where filU) =k r—u

v e AT —Ui—g— (-1 i
fe(U)=k : G-01

exp[—k(T—~-U—g~{~1DH]

g == the length of the gestation period.
Pn;of

Let us assume that the married woman under study has 7 Jive-births
during the period (0, T) and the i-th child was born at time 7" — Ui
from her marriage so that U;is the open birth interval at time 7, the
time of the observation. Let i successive conceptions occur at times
X1y Xaye o « o, X3 TESpEctively. Obviously x; = T—U; — g. Since A is constant
for all conceptions, x:-, lies anywhere in the interval {(i —2) A,
T— u—g ~— h}; xig Hes anywhere in the interval {(i — 3} b,
Xe-y — B} .. .. x lies anywhere in the interval (0, x, — h). Also since
i conceptions occur successively at times Xy, Xa,. . . Xr~1, Xy, 1O CODCED-
tions occur during the exposed periods (0, x3), (x; + #, x2), . .. and
(xi~x + &, xs). Thus under our assumptions the probability that the first
conception takes place during the period (x;, x; + dx;) is given by the
product of the probability that there is no conception during period
(0, x,} and the probability that a conception takes place during the period
(x1, X3 + dxidi.e.

exp [ — ix\). kdx, (3.2)

where k= mp

Probability that there is no conception during the period (x; + A, x.) and
the second conception occurs during (x,, xo + dx;) is given by

5 exp { —k (x, — x1 + M. kdx, S &)

S :

Similarly, the probability that there is no conception during the period

(x; + A, %), j=2, 3,...i— 1 and (j + 1)-th conception occurs in the
infinitesimal period (X,41, X441 + dxsa) is given by

exp [ — k& (x50 — X5 + 8)] kdx;41. _ (3.4)

136 . Demography India Vol 111



Hence the joint probability that isuccessive conceptions occur to the
woman at times X1, X4,. . ., X; from the date of her marriage is given by

x.[" 'I i) exp[ — A (0, xl) — A(x; + h, Xp) — 0. — A(xm + A, Xs)]
4 Xe X
L K dx drs. . dv (3.5)

X
where Alxy, x) = 12 kde O<€x<x
1
since X =T —U:;— g, dx; = — dus

where du: is negative. By integrating the above integral xy, Xz, « . « Xi-y,
the probability that i successive births occur, the i-th birth occuring in the
interval (T — U, T — U, -+ dUy), is given by

T —w—~g—~ G- DR (E~ DI
expl —k{T—w—~g—(~1Dh1ds (3.6
{(where du, has been measured in the positive direction).

After the i-th conception has occurred at time x; = T — U; — g, under
our assumption no conception can occur for a further period of length A
and no birth other than the one following the pregnancy corresponding to
the i-th conception can therefore occur till the end of the period 4 + ¢
from the point x;. In such a case, U, the open birth interval at time
T should not exceed 4. Thus the probability that U; = u;, for 0 <u; < A
is equivalent to the expression given by (3.6), which may be expressed
as fludus.  If U 2 h, the probability that U; = w; is given by the proba-
bility that i-th birth occurred at time T'— U, and there were no concep-
tions in the interval of length U: —g of which only U — h happened to

_be the length of the exposed period. The probability that woman does
not conceive during the period of length U; — A is

exp [—k(w:— h)] (3.7

Now multiplying (3.6) by (3.7), we get the probability that U; = u,,
(> fl) as

Kexpl - T —g—ib)) T —-w—g—@G— DYGE— D dus
' =filu)dui  (3.8)
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The woman with parity iis either fecund or sterile, The probability
i i—1
that she is fecund is given by = 0«5 and that she is not soj T ooc;(l ~ ).
JF= =

Again in case a woman becomes secondary sterile after attaining parity
i, there is no question of occurring another birth to her with probability
one and therefore the probability of the event U; = u; is given by /2 (1)
du, for all U:. Combining the arguments above we can therefore obtain
easily the result (3.1) with the help of expressions (3.6) and (3.8).

Now let X denote the parity of the woman at time T from her marriage,
Then it can be shown that

Pix=0)=1—oyfosexp — k(T — g

i~1
P[x=i1=( = as)[l_ua+¢;exp[-—k(T—-fh — N

( 5 k@ —in—gyist)]

' i—1
—expl—k{T—(— l)h—-g}]SZ‘-ok’(T-—(i* DA~ gy st
fori=1,2,...,n—1 (3.9
Plx=n=1-~Plxgn—1}

where » is the last parity which can be attained during the period (0, 7).
The proof of the above result is very simple, The parameter ‘%’ may
vary among couples but for simplicity we assume here that it does not
vary from couple to couple.

4, Results

We have presented the mean open birth intervals associated with
different parities along with the parity progression probabilities for 7=,
10 and 15 years and ¥ = .40 and .60. We have considered the values of
%, %3, %g, %, . . ., Oy ASSOCiated with parities 0,1, 2, 3, . . ., nrespectively as
(.95, .95, .95, .95, ... .95); (.95, .95, .95, .80, .., .80); (.93,.95,.95 .25
W25, ..., .25) forming levels i, 2 and 3 respectively. The values of k scem
10 vary between .40 and .65 as suggested by some studies of Indian data,
by Singh and Pathak (1968) and Singh and Bhattacharya (1970). We
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select two values .40 and .60 for k. However, these values for £ may be
treated as only arbitrarily selected for the study of the mechanism of open
birth interval. Selection of values for e, «,, . . ., %, is also arbitrary con-
sidering that afier parity 3 the proportion of secondary sterile women
would increase. Mean open birth intervals for different values of k¥ and
Tand different levels of secondary sterility have been shown in Table 1.
In Table 2 the parity progression probabilities have been shown.

Due to the incidence of secondary sterility we expect an increase in
the mean open birth intervals associated with different parities assuming
other parameters of the model to be constant.

Following are some of the salient points which emerge from this analysis :

I. The increase in the level of ‘4’* causes increase in the mean open
birth interval irrespective of the level of secondary sterility, parity and
marriage duration. Also the increase in the level of secondary sterility
causes a uniform increase in the value of mean open birth interval for
all parities, '

2. Parity has negative association with the open birth interval because
the latter complements the sum of the preceding closed birth intervals
for a fixed marital duration. In order to understand the mechanism
underlying the variation in the open birth interval it would be useful
to know the probabilities of attaining different parities by a woman
under study. The probabilites of aitaining different parjties have been
given in Table 2. T

3. As expected, for all the parities and for all the levels of secondary
sterility, the mean open birth interval increases as the duration of
marriage increases. However, for higher parities the mean open birth
intervals fail to show differences distinctively even if the marriage
duration increases from 10 years to 15 years. ‘

4, For extreme latter parities the mean open birth interval becomes
insensitive either to the changes in fecundability or the pattern of secon-
dary sterility. This may be due to two factors (i) very few women
attain such higher parities, and (#) with given pattern of fecundability

The paramenter k isrelated to the monthly chance of conception 'p' as p=l—ep[—k12). This
pisdifferent fram p given in the assumptions of Section 2 disussed earlier.
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TABLE 1-MEAN OPEN BIRTH INTERVAL CORRESPONDING TO PARITY i FOR DIFFERENT VALUES OF TAND
k AND DIFFERENT LEVELS OF SECONDARY STERILITY

T k Level of Last Parity
(Years) st
1 2 3 4 5 6 7 8 9 10+
5 . 40 1 2.2161 11136 .484% 3118
2 . 2.2161 11136 4848 *
3 2.2161 1.1136 4857 *
. 60 1 2.35% 1.1687 509 4215
2 2.359% 1.1687  .5102 *
3 2.35% 1.1687 5117 *
10 . 40 1 5.3293 2.4893 1.8875 1.2448 . 8086 4824 AL
2 5.3293 2.9893 2.0262 1288 .8193 4835 . 2345
3 5.3293 2.989? 23054 14308 8571 4875 234
. 60 1 6. 3552 2.33%2 2.0166 1307 .8610 .5119 L2429
2 6. 3352 3.3%2 2.2933 14033 . 8802 538 2829
3 6. 3352 3.3362 28591 1.6435 . 9462 5209 . 2429
15 . 40 1 10.1143 5. 6655 3.5004 2.4092 17537 1.3 . 9683 013812 287
2 10. 1145 5.6655  4.2880 27611 1.9063  1.3691 9937 7005 488 2988
3 10.1143 5. 6655 5.4212 3.5149 2.3 15125 1.0805 7386 4888 .2900
. 60 1 12. 2644 8. 0496 4.4942 27515 1.9046 1.3058 1.0343 491 518 3%
2 12.264 8.04% 5. 9104 3.5%27 2.5269 1.0829 1.0829 7648 5153 L3137
3 12.264 8. 04% 6.8863  5.53% 2.9244 1,859 1.2386 8175 561 3R

*These values are based on rare events and are not very significant.
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TABLE 2—PROBABILITY OF ATTAINING PARITY /FOR DIFFERENT VALUES OF T,k AND

DIFFERENT PATTERNS OF SECONDARY STERILITY

T Parity
Level of
Y
versh -k w 1 2 3 2 3 78 9 10+
5 0 1 % 49 50 083 00k
2 W ANy om0
3 o4 2R 0000
60 1 M8 3003 4o 0L L0002
2 M8 B Ao 065 0N
3 M8 M8 A6 .07 00006
10 .40 1 0Bl e e a2 42 e 00 oo
2 .0 ;e B 05 06 05 00066
3 .09 e B BB M 06 00 C
601 %0 e M AR % R 0% 0008
2 0% 0BR  lw a7Is oM1 08B L0MB2 0004
3 G0 09 19 58 0% L0008 003 *
15 .40 1 (0B 0B9 W 5 B0 e 0RD2 05 007 M
2 (R OOBN e 300 2806 5% 05 06T 00 00t
3 I8 0B e B0 DR 085 00 0y x ‘
.60 1 (B 065 0% 1B 285 24659 AT L0600 00001, 00001
2 (B 05T 063 2B 208 2% U8 0E6 065 .00 ¢
3 (0B 05T 063 65 LISMD 000 0N 00 o2k .

*These values are very small and are equal to zero upto 5 decimal places.
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TABLE 3—VALUES OF PARTIAL DIFFERENTIAL COEFFICIENTS OF E (U} WITH RESPECT TO a; AND
&k FOR DIFFERENT VALUES OF & AND T=10 YEARS*

{LEVEL 1 OF ‘a;’ MEANS (.95, .95...95)} AND LEVEL 2 MEANS
{(.95, .95 .95 .80 .80. . .80))

With respect to k Last Parity
Sevel 1 2 3 z 5 6
of oy

i 1 40 -0.0142 -3.1760 -0.9964 -0.2918 -0.0057 -0.0000
60 -14.5833 75173 -2.1617 -0.5802 -0.1303 -0.0900
2 40 -9.0142 -3.1760 -0.8550 -0.2886 -0.0056 -0.0003
.60 -14.5833 -7.5173 -1.5772 05215 01274 -0.0188
k 1 40 5584 20149 02230 -0.4378 -0.3631 -0.0622
.60 86310 44257 11624 -0.7240 -0.3214 -0.0554
2 40 5584 18406 10436 -0.1879 -0.1183 -0.0322
.60 86310 42301 23690 -0.2953 -0.1826 -0.0422

*Values corresponding to parity seven have been ignored since they depend on very small proportion. 142



and the value of h, the closed birth intervals sum to the nearest point of
the dosarvation period, no metter howsoever compressed.

5. The patid differentid coefficients of the mean open birth interva
associated with parity 'i' with respect to aand k as given in Table 3
measure the reative changes in open birth interva with respect to a
keeping k as congtant and with respect to k keeping g as constant.
Only two leves of secondary Serility have been consdered for illustra
tion. With increasing parity, it is seen tha mean open birth interva
shows pogtive changes with respect to ay. However, the differentia
coefficient of the mean open birth interval with respect to k changes its
dgn after parity 3, which seems to be the moda parity for women with
maritad duration of 10 years and with h equa to 1.25 years. This means
tha for given maitd duraion, the fecundability parameter k has
podtive asociaion with the open birth intervd for initid parities but
this changes for the latter parities.

5. Conclusions

Ths duwdy is illgrdive in reture Bah the leds o ssoonday  daility
and the fecundability play importat role in determining the open birth
inavd. Though the legh of amenorhoea paiod ean dfet vay much the
open hirth intervd, it can be assumed congtant from parity to parity for a
Woman as a firg gpproximation. Or we can ded with such cases by
omitting the .women who are either in gestation or in amenorrhoea from
the study while collecting data from actud populaion. Even incidence
of foetad losses would have effect of increesing the open birth intervd.
Their effect can be ascertained separatdy by introducing two of more
types of pregnancies. It is expected that with the increase in the maritd
duration, the mean open bhirth intervas for different parities might go on
increading but for the same maritd duration they would decrease with
the increase in paity dnce the closed hirth intervads would attain
dabilisng trend and so will ther complements. A sudy of parity
progresson probabilities would explan the dtuation which leads to
ingengtivity of openrhirth intervd as an index of current fertility for
women with higher paities because a vay fev women of a aohart dtain the
extreme higher parities. Moreover, mgority of the women are tied up
with moda parity where the open birth interva seems to be quite
sgtivewith respect to secordary Seility eswl asto feoundlity.
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