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SUMAIARY. Adopting a gonoration approach rotrospoctively, and using tho principles of raulti.
plo docroment tables, and on tho basis of a given condition of oligiility, a given rango of age of wife to camo
wndot tho s0pe of atorilisation and a given rate at which aterilisation ia sought to be performad, the propoe.
tion of unatorilised mnrried couples at various ages of wifo in tho raproductiva poriod ond at various inter-
vals from the initial year of storilisation ure obtained, from which the birth rate (All.Jndia Tural) at succea.
sivo inlorvala can bo calculatod.  Assuming that married eouples with ages of wifo botwoen 20 and 44 and
with at loast 3 children ars oligiblo for ilisation, 7 ilisations per thousand pper annum
would bring dawn the birth rate by only about 20% in 10 yoare, but with an (ncreasod rato of 14 por thou-
sand, the drop would bo about 40% in 10 yosrs, Such a drop howsver involves sbout & million storilisa-
tions annually in the rura) soctor.

1. Sterilisation as a mothod of reducing the birth rato scoms to have boon
Teceiving inoreasing attention in this country in recont times. This is porhaps duo to
tho growing realisation of the practical difficultics in tho way of an clfectire implomen-
tation of the Family Limitation Programmo and honeo to search for an elternative or
additional and more effoctive mothod of controlling fertility. One might wonder if
the difficultics in promoting a storilisation programmeo and its edoption by the peoplo
might not be as great; but it is not proposod in this paper to discuss thom or how they
may bo ovorcome, nor to go into the morits (or dofects) of sterilisation from its social,
psychological, political and other aspects. \What is attompted in this papor is to dove-
lop a mothodology by which given n cortain rato of storilisation or the numbers of
sterilisation porformed year to yoar, and in tho absonco of any othor mothod of reducing
fertility, the drop in the birth rate in a poriod of yoars may bo ostimated. This would
also give an idea aa ta the adequacy or otherwiso of tho sterilisation ourrently performoed
or expeoted to bo parformed in tho future, or to tho extent to which a suitable storili-
sation programmo must be pushod in ordor to reach the lovel of adequaoy.

2. Considoring tho love) of fortility in the country in torms of the fertility
performance of married women, wo do not in this paper distinguish botwoen malo and
fomalo sterilisntions. Storilisation of a wifo ab o certain age, or that of hor husband,
Pputs tho wifo out of reproductive action in either caso, and will thorofors bo considored
simply to bo storilisation of a married woman. Sterilisation Is also takon to bo porma-
nont, on tho basis of evailablo modical evidenco. In this respoct it differs from widow-
hood whoro the cessation of 10production lnsts only till a possible romarriage. Further,
if tho numbor of sterilisations of marricd couples porformed in & yoar is olassifiod by
ago of wifo, and tho procoduro is ropentod year aftor yoear, wo could then traco the
samo generations of married women undorgoing sterilisation through successive ages
and suacessive years of timo.
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3. Inany year 7', wo havo a distribution of marriod women by ago in the
reproductivo period (sny 15-44) and assuming thero had beon no sterilisations, the
sum of tho marital fortility rato at cach age weightod with the proportion of marricd
woinen at that ago, through the reproductive period, woukl provide tho goneral marital
fertility rate, all ages takon togothor.

In symbols,
u
I= Yn,
x=18

whore 7, = ratio of tho number of marricd women at age z to the number of all married
women (15~44),

1, = marital fortility rate at ago z,
I = gonoral marital fertility rate

“
and Y= )

4. Now supposo that sterilisation had been going on for some yoars prior
to the year T', on married women of ages, say y and above (15 < y < 44). If wo do
not take into account tho fresh storilisations that will take place in tho yoar 7' and
consider only tho cumulative effect of the sterilisations that had taken placo in the
years up to and including the year 7—1, tho marricd women in tho year 7 at all ages
botween 15 and y are unsterilisod and will contributo fully to the general fortility rato,
whilo thoso aged y+1 and above, aubject as they had been to sterilisation from earlior
ages and possibly through varying poriods of years from difforont initial ages, will
not bo at their full strongth for roproduotive action, for which the existing propor-
tions unsterilisod will have to bo taken into account. Thus if this proportion at age
z i8 u,, wo havo

a
r=$neigk B ougngi,. - 2)
w13 =411
Tho above approach is a tion apptoach, as indicated eartior. It will bo soon that

the body of married women (15-44) in any yoar consists of soparato genorations cor-
rosponding to tho individual ages, cach gonoration subjoct to storilisation to an extent
appropriate to itself. Assuming that tho age-spocific fortility rates (i,) and the pro-
portions of married womon at diffcront agoes (7,) aro known, the main problom is to
ostimato ¥,. It i3 also necessary to fix tho earlicst ago y at which sterilisation is to
take placo.

6. A mothod, simple in theory, would bo to arrivo at & standard distribution
of womon according to macital atntus and also according to storilised or unsterilised sta-
tus,by construoting a sorics of intor d multiplod t tables ing that
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tho oxperionco is not subject to migration), such na (1) apinators’, (2) marriod women's
(unsterilised and also atorilised), (3) widows’ (unstorilised and also sterilised) tablos,
cach subjoct to deoromonts appropriate to itsclf (storilisation is & decromont for tho
married women's (unsterilised) tablo), and to appropriato incroments from other tables
showing at each possiblo ago, tho nitmber Jiving as woll as the numbers corresponding
to its own decroments.

If R = tho basio radix of tho spinstora’ tablo at tho earliest ago ab marriago
2, and P and @ tho tabular numbers living in the married women's (unsterilised) and
married women's (sterilised) tables respectivoly, at age z+4¢(z+! > y > z), thon sinco
P and Q both ariso out of R, wo have out of a total number of marricd womon at age
2+¢=P+@Q, tho number unstorilisod = P.

Henco, v, = P}(P+Q).

While tho above mothod is of general application, covering communities having
various marriago and remarringo expericnces, tho construction of the tables is labo-
rious, and is possible only when tho indepondent rates of d& t (tho rates of the
common decrononts may again differ in different tables) aro known and the appropriate
depondent rates deduced and applied to build up the tables.

6. Itisat onco ovident that with tho Indian population, such a serios of tables
cannot be constructed for want of data to provide the rates of decroment, if not for
anything olso. Novortholess, in India, whoro remarringes of widows are comparatively
fow, and marriages aro usually completed by a comparatively early age, & considerablo

implification of the proced lined above is possiblo.

Assuming that y, tho age at which it is doecided to start sterilisation is also tho
ago above which marringes or remarriages are not supposed to take placo, we have
at age y, a number of marricd women, suy P,, subjeet to mortality, widowhood and
sterilisation, cach putting the corresy t out of the oxpori of ro-
productive married women. Tho body of h\ca is subject to no othor docrements,
nor to any incroments by marringes of spinsters and remarriages of widows above
agoy. Itis also supposed to bo freo from migration. Thus if P, is tho number of
married women who have attained ago y+¢, surviving all tho threo decroments, and
P, ,, tho corresponding number surviving tho first two only (i.o., mortality and widow-
hood, sterilisation ing but not idered o8 a d ), both P,,,and Py,
having arison out of P, wo have

Wyt = Pyl P )

If &, # and vy, represent tho decroments of mortality, widowhood and sterilisation
respectively, tho probability of a marricd woman attaining ago y+f, surviving all
tho threo deoroments,

Py = dap); dfp)y; {YP)
whero tho factors aro tho indepondent probabilitics of surviving tho sepatato docromeonts,
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Similarly,
2y = dap)y dBP),

whero sterilisation is ignored, provided of courso that tho rates of mortality and widow-
hood of a marricd woman aro indopondent of whothor sho or her husband is storilised
or not. From availablo medical ovidenco, tho hoalth of a porson is not significantly
affected by sterilisation.  We can theroforo nssumo that storilisation doos not affect
marricd women's mortality and widowhood rates.

Wo thus have
Py = Py fap);: (BP)y; vP)y
and Py = Py fap)y; {Bp),
Thorefore Uy = (7P), w4

7. We thus need to have a tablo of ,(yp), at successivo integral values of ¢
Rememboring that tho values aro those of survival factors whero the singlo docremont
of sterilisation (and no mortality or widowhood) is in oporation, the case is similar to
that of a Lifo Tablo, whero tho singlo decrement is ono of mortality. Procceding on
tho lincs of construction of a Lifo Table, wo start with s suitablo radix I, at age y and
applying the indopendent probabilitics or rates of storilisation at succossive ages,
wo can build up a tablo of values of Iy, 1,4y 0t0., 50 that (yp), =1/l from tho
above table, which may bo called a sterilisation-survivorship tablo.

That is, o = lully- )

8. To find tho rates of sterilisation, (yg),, (yg),41 ctc., or to construct the tablo
oven without having to find the rates as we shall sco presently, wo havo first to consider
the question of oligibility, arising, for instanco, from tho docision that only such married
women at any ago as have at least two or threo living children should bo considered for
slerilisation.  Tho proportion of such womon increases with ago and if tho proportion
ab ago ¥ is Z, and tho proportion of eligible womon sterilised in tho (¢41)-th year
from tho beginning of tho sterilisation programmo is S, (which is supposod indopendent
of ago), tho number sterilised at age y in the first year =1,2Z,-Sg and Iy =
1{1~2,8,). Provided that tho normal valuo of Z,,, is not affocted by sterilisation
at earlier nges, tho number normally cligiblo at ago y+1=1,2,,,, but as tho number
already sterilised at ago y =1,2,-S,, tho numbor romaining availablo for storili-
sation at ago y+1 = 1,(Z,,,—Z,S,). Thereforo, tho number sterilised at ago y+1 =
(%11~ 2,51 S, and

s = b=l 21— 2y So S,
= (1=2,;S)—1(Z,41— 2, 8o) S,
=111=2,y 8= 2, S1—8})).
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Also, the number normally oligiblo at ago y+2 = 1,:Z,45, but tho number already
sterilised

=1,Z,5, (at sgo NHSZy01—Z,8,)S, (at ago y+1)

=112, 8+ 2,541=8,)].

Therefore the ining number availablo for sterilisation at ago y4-2
=U1Z,13—Z,,y8,— 2, 8,(1—S))).

Proceeding as above, it can bo shown that

b= M =2, 81— Zy gy Sl L= S+
—Z,-S.(l—s,)(l—S,)... (1=5,,))

and =l,u,,, by equation (5).

In the same way, the remaining numbor available for sterilisation at agoy+t
=UZ,=Zy ' Si— ye-s S 1=Si)—...
=2, Sl1=8,)(1—8,)...(1=S,y)),
= l,'c,,,.

wheroe ¢,,, is the proportion availablo for steriliration at age y+¢.

The number not cligiblo at ago y+4
=hu—e) = W(1=2Z,4),
which is otherwise obrious. Also, the total number including the number not eligible,
the number already storilised and the number now availablo for sterilisation, at age
ytt
= L1=Z,.)H (2,0~ 40

=1,

as it should be.

Tt will bo noticed that (yg), = 2, (Yalyer = (Zpur—2, SIS (1—2,-8,) and
80 on. It is thorefore not necessary to oxtract theso rates and construct the tablo as
indicated in Soction 7. On the othor hand, as explained above, & storilisation-
survivorship tablo of I,,; can bo built up diroctly with an arbitrary radix 1, and with
valuos of Z and S at integral ages and in successive years respectively, from which the
valuos of u,,, and ¢,,, may bo obtainod.

9. Tho formulao in tho provious soction are derived by tracing & gonoration
of merriod women currently aged y forward through succossive years. Equation
(2) howover requires that a generation currently aged r should be considerod in rotroa-
poct, giving tho values of u, after cumulative storilisation through an appropriate
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poriod already elnpsed. If, thoreforo, uf and ¢, aro tho values of tho functions in the

(t41)-th year from tho atart of tho storilisation programmo, wo havo, from tho expros-
sions already derived in tho previous scotion,

wW=1,
W 1=2, 8 =2, ¢S 1 =S 1)—.0. 2, S{1—8)) ... (1 =8,,),
for 1 t&n, where 2—y=n, o (8)

o =1=2, 8 =2 4 Siefll=8)— s L Sl =Spmapr) - (1=8,y)
for ¢>n. o (D

Equation (8) represents what may bo called the variablo stato, where ¢ inereasing from
1 ta n, tho Initial ago of sterilisation, z—? diminishos from z—1 to 2—n(y), thore is an
additional nogative term at each successivo step (tho total number of such torms at
each atep = () and storilisation of tho women aged z had always started from tho first
year of the programme. Similarly, equation (7) together with the expression for
47 from equation (6) represonts what may bo called tho steady stato, whore ¢ inoreasing
from n, the initial age of sterilisation is always y, tho total number of negative torms is
always #, and sterilisation of womon aged z in the (t41)-th year had started in the
(I—n-41)-th year.

9.1. Expressions for ¢ can be derived simply by replacing 1 on tho right
hand side of equations (6) and (1) by Z, (. u, = 1—2Z,+¢,). Alsoe, is always = 2,

0.2, From equation (2), the gencral marital fertility rate in the (¢141)-th
Yyear,

"
=S mit B oatni, - (8)
=15 =yl
The number availablo for sterilication per thousand population in the (¢41)-th year,

Ey = 10000 & 10e0 )
ey

where 7™ = ratio of the number of marricd womon (15-44) to the total population
(malo and fomals). The number of sterilisntions por thousand population in the
(¢+1)-th year,

M
N, = 1000-1™-8, X e, e (10)
™~y

10. From tho oxpressions for w4 and ¢, in tho proviuus soction, wo may arrive
at the following gonoral results.
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10.1. With a sct of higher {lowor) valucs of Z,{the valuos of §; romaining the
samo), uj is emaller (greater). Also, with the samo sct of values of Z,, u! is smallor
at a higher age, as 2, is an increasing function of z.

10.2, Equation (6) can bo written as
= 1=2, + 2, (1=8,_ X1=80) ... (A =8 HZ o — 2,5}, {1—8,,)
HZ o= Zams) * Sl =S M1 =Spy)+ o +(Z,1— Z, ) S{1—5,)
(1—8;) .. (1=8,,).

Similarly, equation (7) can bo written as
W =1-Z, 1+ 2, (=S X1=Sy) o.. Q=S ) HZ ey~ 2oy} a1 —8,y)

HZus =2 ) Sl =S MU~ 81 )+ F(Z2 ey — Z) Si_ ol = Spear) - {1 =8,)-
As the function Z, increases with z, in either expression for u!, all torma after the sccond
are positive for all values of 8 < 1.
Thereforo > (1=-2,,).

But if S,_, = I{tho maximum poasiblo valuc), all terms after the sccond aro reduced
to zoro, 80 that the lowost possiblo value of ), = 1—2, ;. Similarly, the lowest
possible valuo of ¢, = Z,—2Z,_,.

Now, §,_, i3 the value of S in the provious (i-th year), so that for u, and e,
to attain their respeotive minimum values, § must be unity in the provious year.

10.3. The minimum valuo of /; is obtainod by substituting u{ in equati
(8) by 1—Z,_,, and tho minimum valuo of E, by substituting ¢, in equation (9) by
Z,—Z,,. It follows, thoreforo, that for given sct of values of 2, (corresponding to
the condition of oligibility adopted), tho Jowest possiblo valucs of I and E can bo ob-
tained outright as

Tan =2 mpigt & (1=Z, )i, e (11
=14 F 22

and B = 1000.0:  5(Z,~Z,.,) = Py . (12)
o=y

10.4. From tho description of tho variablo and steady states in Scotion 9,
it follows that for the purposo of applying equations (8), (9) and (10) through successive
yoara from tho first, wo should roquiro a set of storilisation-survivorship tables with
initial ages ranging from y to 43, cach atarting from tho first yoar (and so drawn up
with tho same sot of values, S;, S, ...) and continuing up to ago 44, and salso anothor
sot of such tables, ench with initial ago y and continuing up to ago 44 but starting from
tho second, third ote., yoar, and so using diffcront sota of values of 3.
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1041, If Sy= 8, =..=2_, «!, and ¢ both diminish with inorcasing ¢ in
tho variablo state but remain constant in tho stcady state. The sterilisation-survi-
vorship tables will bo tho same as deseribed §n Scotion 10.4, but with a constant valuo
of 8 operating throughout. Tho tables with initial ago y and starting from succossivo
years avo in fact one table and will bo tho only ono required, whon aftor tho lapso of
44—y ycars or moro from tho start of the sctrilisation programmo, tho steady stato will
have been attained for each ago botwoen y and 44.

10.4.2. With a fixed valuo of S,

v =1-2,,8=2, yS(1—-8)—2Z, yS(1—8p— ... —=Z,_0S(1—8)",
(in tho variablo state).

% = =2~ 2, ¢ S(1—28)= 2 {1—8)Y1—38)—...— Z, {1—Sy-X1—8,).

d

If 8 < 1Jt, &ll tho torms aro negative, but if S i ly i and
1/t, tho torms from the right will start becoming positive and noutralising to tho cor-
rosponding oxtent the total of the remaining negative torms. But, when § inereases

! ¢
to}, %‘ =—(2,.,—2Z,,), which is nogative. Hence, 5—:,' always remains negative,
d ing h fn absoluto valuo as S increases to unity. Thus ns § increases,

) (and also ¢) diminishes, and their respectivo minimum values aro (1—2,_,) and
(Z,—Z,_,), o result already obtainod (Soction 10.2). Obviously, tho samo results
hold, if doducod from tho stoady etate, Z,_, being roplaced by Z, and ¢ by n.

11. Suppose tho sterilisation programmo is to work with a given uniform
rate of sterilisation, say p por thousand population por annum, instend of a given
set of values of S, or a fixed valuo of S. We shall sco prosently that S is dependont
on tho year of sterilisation, but that tho values of S, for various values of ¢ aro given
by and have to be dotermined from tho given condition.

From equation (10)
a“
1000-7'™-8, £ m¢l = p, o (13)
-y

for all values of ¢.
Wo have &g =2,
for all values of £
For z=y+1l to 44, &= 2,
whence S, is obtained from oquation (13),
and e=2,—2,,8,
which is <e¢2, 8o that from equation (13) §; > S,.
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For z=y+l, & = 2,—2, Sy, which is < ¢},
and for z=y42b44, =22, 082, y5{1-38),
which i3 also < ¢}, 20 that from equation (13), §,> §,.

For z=y+1, A =2,—2,.,8, which is <el,
for r=y42, =22, 82, y8(1-5).

Comparing with tho corresponding oxpression for ef, in tho torms involving Z,_;
83> 8y, in thoso involving Z,_y, 8, > S;, but (1—S;) < (1—S,), 80 the torms should
bo nearly equal, which may moan that ¢} < ¢2, and

for  z=y+dtodd, d=2,—Z, 18— 2, ¢ 81— S)=2 {1 —-S)1—8y).

Comparing with tho corrosponding oxpression for ¢!, bosidos the considorationa made
in respoot of ago y-}-2, thoro is an additional negative torm in ¢} involving Z, ,, which
makes it more reasonablo that ¢} < ef. Thus, ing all ages, 8,, obtained from
oquation (13) should be > 8.

The procedure may bo sontinucd to higher valuos of 4, and on considorations
mado abovo, wo could oxpoat that tho inereasn in S in the eatly years would bo conti-
nued till § ultimatoly would roach unity. But tho above treatmont is not rigorous,
and an excoption o tho progression of § till it reaches unity can bo obtained as follows.

111 Ifin tho (t41)-th year, S, is to bo = 1, omitting to mention the limits,
1000 75 g7l must bo < p. Dut tho lowost possiblo valuo of the quantity
= 1000+ 7™ - £ 7,(Z,—2,.,) = p, {equation (12)). Thereforo, if p < Py, tho quantity
must always bo greater than p, and § must always be less than unity (which means that
the inoreaso in § or the diminution of £ 7, - ¢, in the early yoars must be arrosted later
on) and tho number of sterilisations would bo continuad at the rate of p por thousand
population por annum. Also, 10007 - £ ¢ must always bo groater than py
bocauso ¢ can fall to Z,—Z,_, only when § had bocomo unity in the provious yoar
(Soction 10.2). Similarly, ul, must always b groator than 1—Z,_; and I’ (and slso tho
birth rato) can nover attain jta lowest possiblo valuo.

11.2. On tho other hand, if p> p, 1000+ n*™ - T n,: ¢, may fall below
pand S, becomes equal to 1. In tho next, i.o., tho {42)-th year tho quantity bocomes
1000 - ™ + S 5 (Z,—2Z,_,), which is still lower than p (and = p,), and Sy, =1.
That is, if § has inoreasod to unity in the (141)-th yoar, it will remain stoady at that
value thoreaftor. At tho samo timo, the number of sterilisations falls bolow p in the
(t+41)-th yoar, falls furthor to p, in the (4-2)-th yoar and romains stoady at that value
thoreaftor. It follows thoroforo that only whon tho givon rate of aterilisation p Is
groator than p,, § can ultimatoly reach snd remain stoady at unity, I (and also tho birth
rato) falling to and romaining constant at jts lowost possiblo valuo, and tho numbor of
sterilisations por thousand population per annum also falling to and sttaining a oons-
tant Jovol Ious than tho rato intonded to bo maintainod through tho yoars. Tho poriod
that should clapss boforo this transition takes placo doponds on tho magnitudo of p,
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and on tho particular sot of Z-values given by the condition of eligibility. For instance,
a higher valuo of p, and for lower values of Z which would correspond to lower values
of ¢, would make for larger values of S, which would reach unity sconer and thereby
shotten the period. Durlng thia poriod, tho diminution of £ e, is oxaoctly counter-
bal ] by the 7 4 in 8, so that tho numbor of storilisations romains
at tho given rate of p per thousand population per annum.

11.3. In any given caso, for the dotermination of the successive valuos of S,
as explained in Section 11, by the repeated application of equation (13), the value of
¢,in any year ia firat found by a sterilisation-survivorship table starting from the appro-
priate injtial ago and constructed by vsing the values of Z from that ago up to z (in-
clusive) and of S from tho year corresponding to the initial ago up to tho provious year.
The samo tablo also gives the value of u,, so that I’ in that year can bo caleulated from
equation (8). It will bo noticed that tho sterilisation-survivorship tables are exactly
the same as described in Scction 10.4, but that the tables instead of boing
completely built up at tho outset with a given set of values of S, aro built up in steps,
aftor dotermining the next valuo of S, in tho scries.

11.4. Assuming for simplicity that aterilisation starta from tho carliest repro-
duotive age (15) and ignoring for the purposo of d ion, the it
ariging out of the fact that marriages would tako placo after that ago, equation (13)
would be

S i‘l . € = p[l1000 - ri=! = p', gay.
=15

It might appoar that since tho body of marricd women (15-44) is depleted in respeot
of reproductive action by 100-p'%, every year, the proportion unsterilised of this body
of women at tho end of ¢ years, would ba 1—ip’ and I; would be (1—fp).] without,
theroforo, the uso of the procedure outlined in the provious scotions. Tho argument
doca not however take into account tho fact that tho body of married women (15—44)
at the end is not altogothor the samo genorations as that in the beginning, fresh gonera-
tions cntering into tho roproductive potiod at tho carlier ages and existing generations
going out of it at the older ages. Each generation aged z at timo ¢ has theroforo to
bo treated scporately giving to it the appropriate period of exposure to sterilisation,
which is not necessarily ¢ years at overy ago. Sccondly, tho result gives a fall in I,
which is independent of sny condition of eligibility, but tho proportion unsterilised
at ago z must depend on tho values of Z at tho previous ages involved, given by the
condition of eligibility imposod.

Writing U' for 1—(p’, we have
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which is indopondent of any condition of eligibility. This has to bo compared

0
with ‘2‘. myul or i: n,B,, writing B, for v},
=" =N

If n=2z—18, for n> t—1(io.n > 1),

Ay =1-2,;8—~[2,= 24y *So)8,~ 2= 2,y 81~ Z1-4So( 1 —5)))55 ...
2= 2 ey Ser— 2y Sial =Sy =0 = Z iy = Sl 1=81) oo (1 =8, ] X 8y

=1=2,84=(2,=2,)81-4=[2,=ZpyS;-a=Z sy 2 Sps(1 =8, )]y —.
(2= 24y 81— 24y S1—8y) ov. Zop(1— 5y} oo (1= 5-4)S,4]S0
by rearranging torms.
Now, B,=1=Z4 84— ZeySisll=81e1)= By 81 = 81— 8y ) —.e
—2Z, 81—, X1—8,) ... (1=85,,),

from equation (6).

We have, therefore,

4, = B,~2,~ Zy1) §1,—((2,~ 20 )}~ (Zer— 2 1)81-1) 512
~U2a=Z43)—(Z s~ Zes)S1s= (2 0y~ 2, )81 (1= 81 )8 g~
~[(2.=2, Y2y — 2, )81 = o =(Zpir— 20 K1 = 81} (1= 8,9} X 8] X S,

= B-—((Z.— Zy ) 8, -1 HZ— zr—l'sn-l_zn-xu—spx)]sl-l
+[Z.—Z...‘-SH—Z._,(l—s,_,)s,_.— .-a(l_Sl-l)(l—slﬂ)]sl-u‘f""
HZu= 2y $1—~ 21 =8))Sy— .= B {1 =S, N1=5y) ... (1—5,.,)] S0}
=B,—Q.,

where Q, is positive, since by reducing it by replacing 2, ... Z,, by Z,, @, becomes

oqual to zoro.

Thus, Bu= 4, +Qu,
4 “ "

‘B, = - L m.Qu

end 2 oneB= § a3 ni0

whore b n,Q, 38 & positive quantity. If tho condition of eligibility be such that
g
Z =1 for all valuos of z,
$ n;8,= 3 nid,
o1k o=1b4

booauso @, = 0, cithor from the oxprossion for @, or by comparison of tho oxpressions
for 4, and B,
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If nt—1 (e, n <),
Ay = V=2, 84— (2, = Z -y Sol $1=1Z,= 20y 81— 2y So1—=8))8y—...
2= 2y Sur=Zrg Sadl = Sat) == B Bf1=8)) .. 1= 8, 1S,
(2,2, 82y S {l=8)— .= 2, o 8(1=83) .. (1= 8,018 s1—.c
—[Z."z.-fsa-l—z.—n'st-a(l—SH)—:--—Z.-.'sl-»-l(l—su--)---
(=8, )1X 8,
= (l_zl'sl-l—[zn_Zl—l'sl-l]sl-!_[zl_Zl—lSl-l_Zn—l(l_Sl-l)sl-llsl-a_
o= Z= 2y St nts— L sl = St at1) St pir—

= Zpasl1=81enia) o
(1=83)8:-118,.}
~U2,=Z ey Sjeu— 2t =81 ) Sy —ere = Z o (1= 8,20 o (18, 0) 8, 1)
XSiopr et Z,— 2, 8, — 2, {1 —8,)8;—
Zo1-8)) o (1-8,1)8.08),
by rearranging torms. Tho first expression in { } brackets above
== 2y Sj1= 2y Spedl 1 = Set) =10 2 o8y (1= 8 1) oo (1= 81— Q50

where Q; is a positive quantity, and =0, whon Z =1 (as beforo), = B,—@; by
equation (7). And the socond cxpmlon in{} brackok above = Q,, say, whero Q;
ia a positive quantity, both when Z, is a functi ing with z (| reduced
by replacing Z.,, ... Z,_, by Z,, it remains positivo) or Z =1 for all values of z.
We have however to compare the values of Q; in the two casos, and for that purposo,
wo may consider any one of tho {—n expressions (in [ ] brackets) included in Q;.

The last of such expressions

=[2,= 2,8, 20y (1 =885 ... =2, (1-8)) ... (18, y) . 51 5,

= Z1=8X1=8,) ... (1= 8.} S H(Z,— 2, )8, +H{Z,— 2} 1 — 88y +

HE =2 J1=8,) o (1= Su 1))

If Z =1, the abov.o = (1=8{X1=83) ... (1—38;).8;, using dashed symbols to denote
tho conscquent lower values of S. Comparing the sccond expression (with Z = 1)
with tho first term of tho ficst expression (with Z, values), each is the product of larger
and smaller factors, whilo there is an additional positive torm in the first expression.
Since again, @ is positive with Z, values and = 0 with Z = 1, we could expect that
Q, = Q;+Q; would be groater than when Z = 1.

We haveo A,=B,—Q;—0;.

Thereforo, B, = 4,+(Q,+Q:) = 4,+Q,,
4= 13H-1 1841

and Y myB,= X ned+ X nsQ
=18 =18 =il
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“ " 183-1 i
Finally S nyB,= L4+ X nQ+ X n:Q,,
=18 =18 =il FT
and for Z =1,
Rt a 184¢-1
Xn:B,= Xn;d+ X n,.Q,40
~16 =is =16

1841-1 “
whore I #,Q, is emalior than bofore. Sinco E!ﬂ, +A , is indopondent of any condition
=18 Pt

of eligibility, its value ia tho samo In both tho above oxproasions (boing equal to 1—1p’).

Honco Yrot> ¥ mat(Z=1> (1-1p).. )
=)l =18
14=1
Furthor. Z 7,;Q,50. 2310

Thorefore, in the oarly years ofutorilimlion,lz‘.'.:’ 70w (Z =) will approxi-
matoly correspond to (1—1p') but its oxcess over the latter would increase with
increasing years,

From the inoquality (14),

> u(Z=1)>(1—tp), e (18)

where u is tho avorage valuo of w}, with 7, as weights.
H = U
Now, L= X npulpi,=u 2 i,
£=18 218

whero & is tho avorago valuo of uf with m,i, s woights. Considoring the curves of
n, and #,4,, and also tho rolativo variations of uf withz, for Z, values and for
Z = 1 respoctivoly, wo can say that tho incquality (11.3) holds when % is substituted
by =
Hence, L> I (Z=1)> (1—tp') - T (Section 15.1),  (18)
and tho inequality botween tho last tiwo is small in tho cacly yoars but greator as tho
poriod of aterilisation inoreases.

In tho above annlysis, S is less than unity in both tho ooscs, namely, with
Z, values and with Z = 1, but it can bo shown that the inoquality {16} holds also whon
8 attains unity in one or both of thom.

12. Ta applying the mothod outlined abovo on tho rural population of India,
to minimiso arithmetie, wo shall work in quinquonnial age-groups, 15-19, 20-24,... 40-44,
using the contral ages 17,22, ... 42 for purposos of roforonco. For instanco, if f, is
applicablo to individual age z, the function applicablo to the ago-group z—2 to z+2
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will b donoted by the symbol f;. Storilisation will bo assumed to start with the age-
group 20-24, i.e., on tho averago from age 22, and to cavor all higher ago-groups.
This age (22) is also tho maximum ago at marriage® so that tho mothod described
above is applicablo. An adjustment for marriagos if they ooour aftor this age can bo
mado but it will bo small in any caso and has not Leen shown in this paper.

Modifying equations (8}, (9) and (10) to bo applicable to tho age-groups, wo have

&

L= ¥ ur )
=17
where uy =1,
E,; = 1000+ 7' - i‘t e v (18)
=31
and N, = 1000-7™-S, - :‘3 LAA e (19)
=2y

where the summations aro in stops of 5. Tho following table gives the values of the
basio functions (exeept Z) and tho sources drawn upon for applying appropriate methods
for deriving thom aro also montioned bolow.

TADLE 1. PROPORTION OF MARRIED WOMEN IN AGE QROUPS
(All-India Rural)

] marital
married! fortility ratat

womon (15-44) . 0
agegroup  conlral ago, 5 in .10 =410
ago-group (%)

20"
s
(U} @) 3) ) (8)
15-19 17 18.4 180 33.1
20—2¢ 22 193 244 4.8
2129 2 20.7 215 480
3034 32 10.0 173 20.8
2520 87 W1 128 18.0
40—i4 a 10.4 70 8.8
100.0 180.8

1 Source: Ceneua of India, 1031, VoL ), Part XIA, Domographio Tablos, pp. 238-246.

% The National Ssmplo Burvoy, Vital Rotes, (108%)r Govonth Round, Octobor, 1053-March,
1034, 54 Cabinst Socrotariat, Govommont of India Tablo 4.7, coluran (4}, p. 20.

*Bos Rogiatmr Oonoral, Indla (1902) 1 Vital Stutistica of India for 1000, Ministry of 1lomo Allsirs,
Now Delbi, pXXIT.
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13. Wo now assumo that ft ia docided that only such marricd womon as
havo produced threo or moro live births aro oligiblo for storilisation. Vo thon neod to
havo a distribution of mariicd women at onch ago according to tho numbor of live
births produced, to find Z,. In the absenco of direot knowledgo for such a distribution
we fall back on any possiblo estimates of tho proportions of married women at difforont
ages, in a position to produco the fourth or a highor order birth (having already producod
threo or moro live births) and dofino these proportions as thoe values of Z,. Ve have
in tho National Sample Survey (1962) : distributions of births in a year by ordor of
birth and ago of mothor, from which the valucs of Z, aro derived as follows. If, = tho
total number of births in the yoar, to married womon aged z, & == tho numbor of births
(out of b,) of tho (k+41)-th ordor, i} = fortility rato at ago z of marriod woman at
parity £, i, = total fortility rato at ago z of marriod woman, ¥, = tho total numbor
of married women at ago z, and N = tho number {out of N,) in a position to produce,
births of the (k41)-th ordor, we have

b, = NN i,
NN, = (o) 6,055,
and NN, = (B b) it

whore 3+ moans 3 and above, = Uit,

pproximately, on tho that i,/i3+ is approximatoly = 1.

P

Z,="b3%/b, approximatoly.

Tho table in tho National Sample Survoy (1962): gives d3*/b, in ago-groups 12-21,
22-26, 27-31, 32-36, 37-, from which the values of Z, at individual ages and thonco,
thoso of Z; (for quinquonnial age-groups) aro obtained. Tho values of Z; are given in
the following tablo.

TADLE 2
(Al.India Ruml)

contralage contmlngo conteal age

ego-group z z; ago-group = Z; ago-group F] ;
m (2) 3) (0] (5) (6) (7 (8) )
2024 22 J82 213t 20 .90 3438 30 030
21—26 2 28 2832 30 168 3539 7 047
2226 (2] 300 2033 3l 1800 30—0 38 053
2327 26 380 3034 32 861 31— 30 087
24—28 20 o6 3138 as 8R4 3842 40 080
2620 21 847 3220 KL 000 o] 4 003
20.-30 28 020 337 EL 027 40—44 42 008
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It is to bo noted that the normal vatues of Z{as in tho above table) are not affectod by
any sterilisations porformed up to age z—1. At ago z—1, tho normal proportion
eligiblo is Z;_, (3 or more livo births) and tho normal proportion not oligiblo is 1—2;_,
{0, 1 or 2 live births). In the yoar of ago z—1 to z, & fresh live birth may occur in
either category, but tho fncrement from Z,_, to Z; is solcly duo to tho fresh live-
births to the 2 live-births women in tho Iatter eategory. That is, the wholo of the former
category, Z;_, comes to bo includod in Z, and it is immaterial if somo or sll of them
are sterilised and provented from producing a live birth in the year. It is also to
bo noted that tho function Z, increases with z.

M. Practical applications: 8 ia constani. In what follows, wo shall assume that
sterilisation had started in 1061 and would continuo with a given value of §, indopen-
dont of tho ago of tho woman (sinco there is hardly any ovidenco to show that the
proforence of a married couplo for sterilisation s solective of the ago of tho wifo), and
also of the year of sterilisation (Scction 10.4.1). Wo further assumo that the
valuos given In Tables 1 and 2 would remain stablo in time as tho martiago pattorns
and tho basio fortility performance in rural India may not vary to an appreciable
oxtent in the not too distant future. Wo can then artivo at a series of forecast gonoral
(marital) fertility rates (as also birth rates) at successive quinquennia from 1061,
for which tho following schemo, indicated in Scction 10.4.1 may bo considored first.

TADLE 3

year T (numbor of yesrs feom 1981)
1981{0) 1986{8) 197110) 1976(15) 1981(20) 1086(28)

8ge groupa 1 durstion of aterilisation in years

2024 20—-21 20—-24 2024

{0), (0) {0), (0)
2620 2628 zs—z\ 29 u—.\ —:9\
Nﬁ-« 0-3¢ ao—u 303
I (o (10) t
u—\ \:—aNa-ao\:ao
X (0}, {8), 10) (18) (18 13)
0~ ‘o_“\j_‘\:-‘\o_‘\“‘
© (5 10) 18) 20) 20)
In the table, cach diagonal rop ts the prog of a different goneration, indi-
cating tho ago attainod and the duration of sterilisation undergono (within brackots),
at tho ond of each quinquennium. Taking a vortical column through a partioular

year T', the number of yoars of sterilisation undorgone by a particular ago-group is
shown in brackots undor that age-group, tho left-hand end of the diagonal passing
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through it indicating the initial ago-group for sierilisation in roapoot of that age-
group. It will bo econ from tho diagonal lines that for calculating the u’ functions
for tho different quing ia, 4 independent steritisati vivorship tables will bo
required, viz., (I) starting from ogo-group 35-39, (II) stacting from ago-group 30-34,
(I11) starting from ago-group 25-20 and (1V) starting from ago-group 20-24, each conti-
nuing to aga-group 40-44, from a suitablo radix at jts initial age-group.

Congidering, howovor, marricd womon (20-24) in 1966 or theroafer, thoy will
bave boon in fact already subject to storilisation for approximately 2 years on the
averago (20-0, 21-1, 22-2, 233, 244, avorage 2), so that along tho diagonal lines through
20-24, tho durations of storilisation{within brackels) should bo 2, 7, 12, 17, 22 inatesd
of 0, 5, 10, 12, 20 respootively. To give offect to this at tho age-groups affooted in
1968 or thereaftor, wo have to construct an additional table, Table No. (V), starting
from 20-24 but with & cortain averago proportion already storilised, The u’ functions
at the sgo-groups sfeeted will be smaller, causing & correaponding reduction in fortility.

After constructing tho sterilisation-survivorship Tables, (1), (I1I), (III), (IV)
and (V) with & given valuo of 8, the v’ and ¢ functions may bo tabulated for
convenience intho form given below, following tho schome of Tablo 3, The figures
are taken from tablos drawn up with § = ,1,

TABLE 4. VALUES OF w’ FOR VARIOUS INITIAL AGES AND DURATIONS OF
STERILISATION (S=.1)

duration of sterilivation (n yosrs

initisl coatrs] sgo

ago-group 0(2) 87 10012) 1317 20(23)
2020 2 1.000 .80d 633 1 280
(.977) (.851) (.623) {-407) (.289)
2530 21 1.000 it 450 .29 _
30—u 32 1,000 .62 389 - -
3330 31 1.000 .e08 - - -
40—44 [ 1.000 - - - -

TADLE 8. VALUES OF ¢ FOR VARIOUS INITIAL AGES AND DURATIONS OF
STERILISATION (§=.1)

durstion of storilisation in years

initial  contrel sge

ge-group 0(3) [} 10013 13017 20(22)
2024 2 e 412 48 .359 .226
(.159) (.308) (.478) ({-3584) (.233)
28—19 n 647 664 408 284 -
2034 as 881 876 384 - -
-390 37 KT 873 - - -
40—t [t} 003 - - - -

Nota: Tha valucs in brackots in tha above tablee sro takea from Tablo V.
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14.1.  Using the values from Table 4 tho genoral fortility and birth rates can
now bo obtained when .1, as shown in the tablo below applying equation
(7).

TADLE 6
1061 1060 1971 1076 1961 1086
=gonoral fortility
mie (marital) = 180.6 133.1 urs 3.8 145.9 145.2
- = . 4 = -
22 .22 22 .23 .12 -]
birth ratet 3.7 341 38 2.0 3.9 3.0

1To @nd the birth mte, wo have to remombor that the valuocs of {are dorived from group fortility
rates (ec0 Boction 12 for aource) which wore not corrocted for undor-roporting of birthe. A study of the
data from tho same source (N83 7th round, rueal), revealod that undor.reporiing was of the order of
10% and (urthor that ‘™ was about 20%. llence the faotor .23(m1.12.2).

(800 Qupta, P. B. and Malakar, C, R.(19683): Forlility difforontisl with lovel of living and adjugte
meat of fortility, birth and desth ratos. Sankhys, Serics B, 25, 23-48).

Similarly, using tho values from Table 5§, the numbor of storilisations por 1000
population through tho quinquennia is obtainod from tho following table (applying
equation (12.3), whoro 'S, = .1 for ell valuca of ¢)

TABLE 7
19081 1960 wn 1976 1881 197¢
‘:’ " 828 .35t 288 .208 .208 285
nl 0 - — = = == = =
- » E] ) 3 ] F]
8 - .1 B 1 Bi .1 1
053 035 020 027 027 021
] I x 2 ) )
1000. n'®) - 200 200 200 200 200 200
number of statilisations
por 1000 population 0.6 1.0 8.8 5.4 8.4 &4

As indicated in Sootion 10.4.1 and ropresonted in Table 3 the position will attain a
stationary condition by 1086, the steady state having boon reached for all ages. Tho
o’ and ¢’ factors at all the age-groups will attain thoir respeotive oonstant values, all
given by Tablo 3, i.e., tho values in braokets in Tables 4 and & rospoctivoly, and tho
general marital fortility rate and also the numbor of aterilisations in tho yoar thelr
minimum values.
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1.2, A caso of groat importanco arises whon S == 1. In tho first placo,
wo have tho maximum number availablo for sterilisation in tho first year, and honco,
with § =1, the maximum pousiblo number of storilisations por annum, say p..
Secondly, from Scotion 10.2, I’ and E must fall to thoir rospootive lowest possiblo
valucs in tho second year and romain steady at them theroaflor. Thus, wo have also
tho values of I, and Eng (py) under the given condition of oligibility (Scction
10.3). Applying equations (17), (18) and (19), we have the following table.

TADLE 8

I (1081) I’ (1002 and after)t a9 .

x %, .2,
1 -1
(1981) {1003 and aftor)

.0 AR
~ 47" ~i Tt

m @ @ )

180.6 105.8 (1’_,_ ) 828 .1
- E L 2
2 22
birth rate
9.7 2.3
9% drop (mazimum possiblo) ws 1000, 7' =200 200
nambor avilable for storifixation
per 1000 population 100.2 1.4(p.)
numbor of aterilisations por
1000 populstion 108.2(pm) .4

1The proportion unstorilisod &t ago-group 20-24, i.o., upg e 1/8 [1+(1—Zse) + (1 —Zn) +(1=Za) +
(1=25,)] spproximatoly=.881, from valuos of Z at individual agoa from 20 to 23. ujy=1, For othor
values of 3, ujm=1—3;_, from columna (3), (6) and (0) of Table 2

11n 1962 and afler, the proportion of women romaining availablo for stesiliation {n age.group
20-24, 10, 03, = 1/5{Zs0 +(Z31 = Z10) +{Zss = Z31) + (Zss = Z13) #(Z34 = Z1s)) approximately =1/5.2:4=.060.
For other values of , o] = Z,—Z,,_, from columns (3), (6) snd (9) of Tablo 2.

Tho implications of full storilisation is theroforo that in the first year, the
numbor of sterilisations to bo porformed would be of tho ordor of 100 per thousand
population. The birth rate would fall outright from about 40 per thousand to about
23 por thousand and remain stoady at that valuo with about 7 atoritisations por thou-
sand population oach year in subsoquont ycars.

14.3. It will bo romomborod that in deriving the valucs of Z(Soction 13),
3./i3% has boon taken to bo unity approximately. The preliminary resulis of a study

of fertility rates according to parity and ago of mother, in which the author is at presont
engaged, howover show that /i3 * ia loss than unity and y ly 60, aax i
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If this feature ia taken into account in tho presont connootion, it will rosult in the lowor-
ing of tho Z values, ospocially at tho higher ages. At tho samo timo, it is apparont that
in tho total of unstorilisod married women at any ago, the normal proportions exposod
to risk in rolation to i3+ and i2-? respoctively aro disturbed by provious aterilisation,
the latter predominating more and moro with cumulative sterilisation and edvoncing
ago. Tho averago fortility rato at ago z with which the body of unsterilisod marriod
women will bo ereditod will thoreforo beless than tho normal valuo of 5, and tho offect
will bo moro pronounced at a higher ago. Theso two factors will have opposito offocts
on tho ovorall fertility rato (sco equation (2)), for the diminution of the Z, values will
result in an incroasoin tho u, valuos (Sootion 10.1), but tho latter will bo associated
with decreasod values of §,. Caloulations have shown that the cffects almoat countor-
balanco ono anothor and in this papor, tho rofinoment montionod above is omitted.

15. Praclical applications : Examination of alerilisation programmies, current
or proposed. Wo shall now oxamino, on the basis of our mothod, somo of tho sterili-
sation programmos current or proposed in this country, with a viow to assoss thoir
offects on tho fortility lovols of the population in tho coming years, and also to 800
whothor the specifio olaims, if any, made in respoct of them, aro justified.

16,1, Wo shall irst consider the storilisation programme in Maharashbra State
as outlined in tho Governmont of Maharashtra (1963). In tho programmo “it is
ostimated that tho rate of 7 storilisations por thousand population per year fora
poriod of 10 years will decreass the fortility rato by 50%.” Whilo tho target is woll
dofined, the mothods for arriving atan estimato of tho reduction in fertility aro not oloar.

Further in tho opinion of the Committee (Gov t of Moharashtra, 1963, p.20)
which went into the dotails of the target, sterilisation in ordor to bo effoctive, should
bo ted within tho age-group 25-30 years in women and 30-35 in mon, snd

therofora the selection of cases for sterilisation should bo restricted to couples normally
baving 3 children. Tho condition of eligibility laid down abovo is oxpooted to ensuro
greator incidence of storilisation on tho women of tho fortilo ago-group 25-29, bocause
the proportion cligiblo (having 3 children) in this ago-group is oxpocted to bo groator
than in any of tho othor age-groups, which are of lowor fortility, oxcopt porhaps the
ago-group 20-24. At the samo timo, it may bo thought inadvisablo to oxeludo from
sterilisation women having more than 3 childron. If she bolongs to o young ago-group,
it would mean that sho is not provonted from furthor contributing to tho birth rato,
which sho will, boing fertilo. If sho bolonga to an older age-group, sho is at least more
fortilo than another of tho samo age-group with exactly 3 childron and no moro at tha
ago, and it may bo thought to bo more gainful to steriliso the moro fortilo womon. It
soems to us that a bottor procodure would bo to considor women with 3 childron or
moro for storilisation and it might aftor all produco a groator reduotion in tho birth
rate (a3 wo shall soo lator).

Lot us first nssumo tho condition of oligibility as stated in tho Maharashica
programmo.  Wo would h ider tho problom at the All-India lovel but on
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tho Maharashtra basis, and ly, in tho abaonco of our knowlodgo as to tho propor-
tions of 3-childron marricd womon at tho various ago-groups, wo would takoe tho pro-
portiona of 3-livo births married womon as our values of Z, which may bo obtainod
from Vital Rates, Table 4.13, p.80, of tho National Samplo Survoy (1962), and which
show a maximum at central age 29, a result similar to that oxpocted with 3-childeon
women as noted above. Tho number of atorilisations is 7 por thousond population
por annum, and from oquation (11.1) modificd to apply to ago-groups.

wo havo,

9
1000m%-5, ¥ miet =7 or Sp £ mpel = 035n™ = .2).
=12 -3t

Applying tho procedure oxplained in Soction 11.3, the birth rate can bo caleulated at
tho end of any given period, by applying equation (17). In tho practical application
of tho T duro, it has to bo bored that, whon at tho highor ages, Z, diminishes
with increasing z, tho normal decrement will be affected by sterilisation at an earlior
ago, sinco tho docrement is mainly causod by a fresh birth, tho woman concerned
leaving tho 3-births catogory and entoring tho {-births ono. As a fresh birth in this
eategory is prevented by storilisation, the actual decroment will bo less, and an appro-
priate adjustment of tho Z-values is theref ry. It is found that § increases
to about unity in tho fourth year, rcaches and remains steady at unity in the fifth
and subsequent years. The number of atorilisations per annum remains at 7 por
thousand population up to tho fourth year, falls to about 2 per thousand in tho filth
year and remains steady at a slightly lowor valuo thereaftor. It is thus not possible
to maintain the 7 por thousand rato boyond tho fourth year, because of tho reduction
in the numbors of available womon due to cumulative storilisation, ovon though all
such women aro supposed to Lo storilised. It is found also that tho reduction in tho
birth rate is about 149 in 10 ycars, which is tho maximum roduction possiblo in the
given circumstances. Furthor, tho adoption of tho condition of eligibility as dotor-
mined by exaotly 3 children and not exactly 3 livo births is not oxpected to mako any
material diffcrenco.  The values of Z would bo somowhat differont with the maxinum
probably shifted to a slightly higher ago, but as highor valucs of Z (lower u, Scetion
10.1) correspond to highor values of ¢ and to lowor values of S (highor w, Soction
10.4.2), and vice vorss, and as tho cases are of comparablo magnitudes, wo may bo
justificd in saying that the reduction in the birth rato in 10 years would still bo of the
ordor of 14%.

o now assumo that tho condition of oligibility is that the wonian must bave
3 children or more. As in the provious caso, wo adopt tho alternative condition of
3 livo births or moro, cotrosponding to the Z-values in Tablo 2. It can bo scon at onco
that tho maximum drop possiblo in this cnso is about 419% (Tablo 8), so that & drop
of 60%, iu out of tho question. Socondly, sinco from tho same table, p, = 7.4 and
greator than p(= 7), ovon tho drop of 419 is not attainablo (Sootion 11.1). Howover,
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procceding as boforo, wo find that & increases to o little ovor, .1 in 0 years, and that
the reduction in the birth rato, though groator as anticipated enrlior, is only about
17% in 10 years.

It may Lo of interest to oxamine the offect of waiving all restrictions about
oligibility in the Maharashtra programmo as appliedl to All-Indin. In this case, Z =1
at all ages, and tho maximum possiblo reduction in tho birth rate is of the order 0f75%,
though not attainable with only 7 sterilisations per thousand population per annum,
beenuso, hero also, p, is greater than 7. But all the same, the drop in tho birth rate in
a given period of years would bo greater than when eligibility is given by 3 or more livo
births, or 3 or moro living children, or for that matter, by any condition which produces
a set of Z, values (less than 1) increasing with increasing z (Soction 11.4). Tho usual
calculntions howover show that tho drop in the birth rate in 10 years would bo only
about 229, greater of course than before, but still substantially loss than 50%, in
spite of tho advantage derived from sterilisation performed without regard to the
provious reproductive history of a married couple.

Finally, tho application of the simple formula discussod in Section 11.4, which
is independent of any condition of ligibility, would produco a drop of 33% in 10
years, which is still considerably short of 50%, in spite of the fact that tho simplo for-
mula exaggerates tho drop in the birth rata increasingly with timo and also that the
exaggeration, as expected, is found to be substantial in a period of 10 years. The
potentiality of Maharashtra Scheme, when applied to All-India, with 7 sterilisations
per thousand population (or say 2.6 million sterilisations in therural sector) por annum,
thercfore falla far short of envisaging & 50% reduction in the birth rate in 10 years,
and tho claim for such & reduction doca not appear to bo justified.

15.2. Considering noxt tho sterilisations that have been porformed on an
All-India basis, we have tho following figures from Family Planning News, Vol. 4,
No. 12, Decombor, 1983,

TADLE 0
{All-Indis Storilisations)

yoar malo formato al  mextyer
m {2) 3) {60 {6)
1036 2,870 6,250 8,035 8,462
1057 3,760 10,707 14,887 13,072
1058 10,658 17,853 28,620 11,508
1059 16,630 23,007 40,237 22,208
1000 37,8713 265,187 62,530 83,071
1061 60,100 37,405 97,601 31,013

1002 00,418 33,000 120814
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From tho abovo, sterilisations have been increasing yoar to year but tho inoroass has
not beon steady.  For instanco, tho increaso waa of the ordor of 35,000 (1960 to 1901),
but it foll to about 32,000(1961 to 1982). Adopting a liboral viow, wa take tho numbor
of atorilisationa to bo 100,000 in 1061 and supposo that tho number would go on in-
creasing by 50,000 per year, say for 10 yenrs, Taking the Indian poputation in 1961
at 440 miltion, tho number of sterilisations in 1061 works out at .23 por thousand popu-
lation. Assuming this to hold for tho rural population separately (which is possibly
an imato), tho number i to about 1.4 por thousand population in 1971,
ignoring population growth (if population growth is taken into account, tho figure
would bo smaller). But let ua tako it at a atill higher figura of 2 per thousand popula-
tion and strongthen the basis fucther by supposing that it would bo in operation overy
year during tho deconnium, 1061-71. Vo propase to go another stop ahead and as-
8umo that no restrictions about oligibility are imposed, which, as wo have scon, would
produco a greator reduction in the birth rato. Tho usunl caleulations show that the
drop in the birth rato in 10 years would be about 6%, The actual drop must be appro-
clably smaller and thereforo insignificant in tho context of the presont population
problom in India.

16. In tho provious scotion, wo have examined in some detail tho prospeots
of a couple of eterilisation programmes. In Scction 1, the question was posed s to
the oxtent a suitablo storilisation programme should bo pushed in order that it may
attain tho lovel of adequacy. It has boon noticed that the fundamental functions
operating to 1educo tho birth rato are Z and 8. Whan tho range of ages (of married
women) to como under the scope of sterilisation has boeen decided on, the values of Z,
will bo oxactly dotormined by tho conditions of oligibility imposed. For any such sot
of values of Z, (provided Z, incroasos with z), thero is o maximum drop in the birth
rato possiblo as also tho lowost possiblo number available for aterilisntion per thousand
population in & yoar (), which can bo caleulated outright from oquations (11) and
(12) respectively. It follows also that tho maximum drop with a sot of highor valucs of
Z, s largor. In a givon caso, tho number of storilisations per thousand population por
anoum (p), provided it is groater than p,, only dotermines tho tino that must olapso
for § to reach unity and the maximum drop to cceur. A largor nuniber would accole-
rato tho fall, till, whon it equals p,, § is unity at tho outsot and the maximum drop
takes place in ono yoar (Section 14.2). It is thoroforo wrong to supposo that simply
by increasing tho number of etorilisations por thousand population per annum, wo
could produce any desired fall in tho birth rate in a given timo. In fact, tho limit is
set by tho condition of oligibility impesod, resulting in a particular sot of values of Z,.
Supposo now that adequacy is dofinad by a drop of k% in tho birth rato in ¢ years.
The condition of eligibility must thereforo bo auoh that it corrosponus to a sot of Z
values, for which tho maximum drop possiblo is not loss than £%,. Granted that such
a condition is provided for in tho storilisation Lasis, tho required numbor of storilisa-
tiona por thousand population por annum (groater than p,), undor which the time
taken would bo ¢ yoars for the desired fall to take place, may bo found by a fow trials,
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following tho procodure outlinod in tho previous sootion. This would thon provide
an answor to tho question posed above.

The current viow of adoquacy scems to bo that tho drop in tho birth rate should
bo 509% in 10 years. Assuming that the rango of agea i3 20-44, wo have scon that oli-
gibility detormined Uy threo or moro live births corresponds to & maximum drop of
about 41%,. The condition of eligibility must thoreforo bo liboralised 80 as to corros-
pond to a sot of sufliciently higher values of Z,. Such a condition may bo givon by
say two or moro live births, for which the maximum drop is likely to excced 509,
and tho approprinto number of sterilisations per thousand population por annum
may then bo determined in order that the desired fall of 50%, in the birth rate may
oceur in 10 years.

If, howover, wo aro satisfied with a drop of 409, say in 10 yoars, eligibility
may be determined by threo or moro provious live births, and wo have to determine
the appropriate number of aterilisations per thousand population por annum, groater
than 7.4, which will produce tho desired result. By a fow trials, it is found that
with a rate of 14 por thousand population por annum, S reaches unity in 11 years,
1he rate fallingto 11 por thousand in the 11-th year and to 7.4 por thousand thereafter.
And the birth rate also falls by about 419 aftor 11 yoars of storilisation and would
remain at the reduced lovel, provided sterilisation is inucd at 7.4 por th 1
population por annum.

But while the level of adoquacy as accepted above is thus reached, it is impor-
tant to recogniso tho implications of tho programmo. For one thing, tho numbor
of sterilisations per annum (considoring rural India only) has to be of tho order of 360.13¢
X.014 or say 5 million (ignoring population growth), as against only about 100,000 in
tho wholo of India in 1061, Secoondly it implics tho gradual inorease in the popu-
larity of the programme to the oxtent that ultimatoly all oligible couples will offer
themselves for sterilisation. If this does not bappon, and sinco storilisation [s esson-
tially on a voluntary basis, the number of sterilisations that could bo porformed must
fall below the desired lovel, with o consoquent chock on the fall in the birth 1ate.

17, For roady rofercnce and comparison tho rosults of the provious soctions
aro tabulated below.

It may be intoresting to compare tho results on bases (b) and (8). Tho condition of
eligibility is the samo, but whereas on basia (o), S is constant at .1, on basis (b), it
inereases steadily, oxeeeding .1 only in tho 0-th year. Tho drop in the birth rato on
basis (b) s thereforo less during the firat 10 years, but greator thereafter than that on
basia (o).

The abovoe results are represented graphically in thoe figuro.
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TABLE 10. LIRTH RATES {ALL-INDIA RURAL) AT BUCCESSIVE QUINQUENNIA FROM
1061 ON YARIOUS BASFS OF STERILISATION, AND PERCENTAQE DROP JN BIRTH

RATE IN 10 YEARS
(Birth rote in 1901=30.7)

numbor of years from 1981 poreentage
basia of atoriliati rop in
(por sanum) 5 10 16 20 25 10 yoars
) 2) 3) ) ) (6) (U]

(8) 7 por 1000 oligibilityr

3 live birtha IR 4.3 4.2 N2 e 3.6
b) 7 por 1000 it
@ 3 g:mou live 'nh!! 35.2 32.8 3 30.4 20.6 17.4
(6) 7 por 1000

oligibility : alt .0 3.1 20.4 28,4 218 217
(d) 14 por 1000 ot

3 or more live 0.8 2.3 23.3 23.3 .3 413

(in 11 yesrw) {in 11 yoars)

(6) Sen.1 eligibility :

3 or moro live births 34.1 32.8 2.0 3.9 3.0 18.1

Dirth reles (Al-Iodis, rarsl)

» " L -
3 1 L 10 n
Years from 1081

Flguro. Porocast birth ratos {All India, rursl) ot succonsive
quinquennia frem 1001 on various bases of storilisation.
(Birth rato in 1001-30.7)

240



SANKIIYA : THE INDIAN JOURNAL OF STATISTICS : Skries B
Reresxxces

QovenvaurxT oF MawARASHTNA (1003) 1 Fumily Planning : Achicvemsents and Proapects. Bombay, 12, 20,

Gurra, P. B, and Macaxan, C. R. (1003): Fortility differential with lovel of living and adjustmont
of furtility, binth snd dwth rates. Sankhys, Scrice 1, 23, 2348,

MiswTay or ltous Arrans {1962)1 Vil Statistica of India for 1960. Registmr Gonoral, India,
Minixtry of llome Affairs, Now Delhi.

Namowav Saurtx Sunvey (1062): Vitl Rutes, 34, Cabinot Bocrotarist, Govommont of Indin,
Tabla 4.13, 30,

Paper received @ September, 1964,

250



	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026

