ESTIMATION OF ALL-INDIA BIRTH AND DEATH RATES, 1941-50
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Indian Statistical Inatitute

SUMMARY. Tho papor deacribea variants of the difforencing and rovemo survival mothods,
where with (ho knowledgo of the correct population of India by sex and age at the 1941 or 1951 census, na
the caso may bo, and applying on it an appropriato life tablo for the period, 1941-50 and for cach sox, tho
All.India birth and death rates, 1041-50 are derived together, without having to obtain one of them first
and then tho other through tho observed growth rate from the 1941 and 1951 conaun populations. Tho
variant of the differencing mothod makea uso of the 1941 age table population and that of the roverss
survival mothod of tho 1951 ago tablo papulation, theso populations boing the mspeotivo consus popula.
tions by sex and ago, corrected for ago biaa oxcopt in the ago-group, 04, but not corrected for under.
reporting, which is heavy at tho young ages. The reapective age table populations aro correeted, by adjust.
ment for undor-reporting at the young ages only, and by difforont methoda in the two cases, the error
at the other ages togothor with the residual orrors st the young agos being considered not largo enough
to affoct the age-structures and henco tho derived rates materially, The lifo tables ued are (i) All-India
Life Tablea, 1941-50 (Males and Femalos) and (i) U.N. Model Life Tables, No. 31 (Fomalos) and No. 30
(Males), which aro considored closo to the Indian situation, 1941-60. The All-Tndia birth anddeath ratcs,
1941-50 (means of the rapoctive ratos by both methods) aro 42.5 and 31.0 reapectively by the All-India
Life Tables, and 42.1 and 30.4 rospoctivoly by tho U.N. Model Lifs Tables.

1. There sccms to be an element of uncertainty about the birth and death rates of
the various States of India during 1941-50, as would appear from the “combined final review
of all availablo material” and an attempt at reconciliation between the estimates from
different sources. This uncertainty would naturally linger on the All-India rates also, if
obtained as the weighted mean of the finally adopted rates for the States.®  For, if for a
decennium (GR),, (FMR),, (BR), and (DR), are respectively the observed growth rate, the
fresh migration rate (estimated), the birth rate and death rate for a State, we havo

(GR),—(FMR), = (BR),—(DR), . (1)
where (BR), (say) has been estimated first by the reverse survival method and (DR), obtained
as the balancing item in (1), and

Z W,(GR),=ZW,(FMR), = T W,(BR),—EW,.(DR),,
whero 17, is tho mean population of the State during the decennium and the summation
covers all the States. Since ZI¥,.(FMR), = 0, fresh migration for All-India being assumed
nil,
S W,.(GR), = T W,.(BR),—ZW,(DR),.
Dividing by the mean population of All-India during the decennium, we have
(GR) = (BR)—(DR)
where (GR) i necessarily the obscrved growth rate for All-India, and (BR) and (DR) the All.
India birth and death rates computed respectively from the State birth and death rates.

+ Estimation of birth and doath rates of India during 1941-50, Ceneus of India, 1951, Papor No. 6 of
1964, Govornment of Tndia, pp. 11-18,

% ibid,, Tablo 7, p. 18.
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Thus, for All-India, the excess of the computed birth rate over the computed death
rate must exactly reproduce the observed growth rate.  This does not mean however that the
computed birth and death rates are individually correct. For if there had been an error in
cstimating (BR),, (DR), obtained as indicated above, would also be subject to the same error
in sign and magnitude, so that the sum of the weighted errors (which need not be zero) would
be the same in sign and magnitude in both T IW,(BR), and T W(DR),. In this paper, an
attempt has been made to estimate the All-India birth and death rates, 1041.50, dircctly
on the basis of All-India census figures, where using the All-India Life Tables, 1941-50 and
variants of the differencing and reverse survival methods, the birth and death rates are
derived together, without having to obtain, as indicated above, ane of them first, and then
the other through the observed growth rate.

2. The application of the usual forms of these methods on a population free from
migration rests on tho following requirements :

(i) The total populations at two ive do ial censuses as also the popu-
lation up to 10 years of age at the latter censua are correctly known for cach sex.

(ii) A lifo table (for each sex) representing the mortality experience of the popu-
lation between ages 0 and 10 is available, as essential for the working of the reverse survival
method,? and also for obtaining the corrections to be applicd to deaths at ages 5 and above
in the differencing method.*

(iii) The ratio of total deaths to those at ages 5 and above during the decennium
is available or can be cstimated, in the differencing method.

It will be noticed that unless (i) is satisfied, we cannot say that the population at the
carlier census is reduced by mortality to ezactly that at ages 10 and above at the next
census (as required for the differencing method), nor that the population at the next census
at ages between 0 and 10 years are tho survivors of all the births that oceurred during the
intercensal period (as required for the reverso survival method).

Turning to the case of India (for which net migration during the decennium, 1941-51
can bo ignored for all practical purposes,® we have the age tables both for 1941 and 1951
censuses, which have been adjusted for age bias, but the total populations remaining un-
altered after adjustment, the tables are not free from under-reporting, which apart from other
age-groups possibly affected, is ble in the age-group, 15-247 and sul ial in the
young age-groups. Furthermore, population in the age-group, 0-4 (for both sexes and both
in 1041 and 1951) is left unadjusted and is merely that given by the census enumerations.
Tho ago table populations therefore do not satixfy requirement (i) mentioned above, so that
taken in conjunction, they would not yicld the correct growth rate in the first instance, nor
could they bo used to find the correct death rate by the usual differencing method and thence
the birth rate by addition to the growth rato, or the correct birth rate by the usual reverse
survival method and thence the death rate by subtraction of the growth rate from the birth

© Ago tables, Census of India 1951, Papor No. 3 of 1954, Qovornment of India.
7 Lifo Tablos, Cenaus of India 1951, Papor No. 2 of 1954, Government of India, 15-17.
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3. In the mulified versions of these methods, referred to carlier, our requirements
are (i) the correct population at only onc end and (ii) a life table representing the mortality
experience of the population during the period. In the present case, these aro provided by
the 1941 or 1951 age tablo population with adjustment for under-reporting at the carly ages
(tho crrors at the other ages together with that at the young ages even after adjustment being
considered not large enough to affect the age-structure and hence the derived rates materially),
and tho All-India Life Tables, 1941-50. The adjustment of the population at one end with
application of the lifo tablo thereon, in connection with the differencing method (the theory
of which is given in Scction 5) is described in Scction 4, and that in connection with the
reverse survival method (the theory of which is given in Scction 7) is described in Scetion 6.
Tho adjustment of tho population is however made by different methods in the two cases,

4. Starting with the Age Table population, 1941, we apply the survival factors from
the All-India Life Tables, 1941-50 to arrive at the populations in the sponding higher
age-groups in 1951, as in Table 1 given below. The adjustment of the population, 0-4 in
1941 consists in replacing it by the one derived from the ago table population, 10-14 in 1951
(which by its excess over the projected population in the same age-group, points to a subs.
tantial undercount in the age-group, 0-4 in 1941), by the reverso application of the appropriate
survival factors, and this would be a practical and perhaps a close cstimate of the true popu-
lation, 0-4 in 1941. The altcred values and the altered totals, used in the application of the
method, are entered in brackets at appropriate places in Table 1.

5. Theory of the differencing method. The variant of the differencing method applicd
in this paper has the feature that the decennial deaths and births are derived together, whercas
in the usual method, it is the decennial deaths that arc derived. Further, the ratio of the
decennial deaths at all ages to those at ages 5 and above (see Section 2(jii)) is derived from the
data and has not to be cstimated from other sources. The following symbols are defined :

Puin, prain are respectively the populati lo/female) aged z and above
and in the age-group, z to 24z, in the ycar y.

LefyenimiD, DYles eI ace respectively deaths at ages z and over, and between ages z
and z+z of males/females, during the period, ycar y to ycar
y+n.

In the above, for persons, (m/f) will be omitted.

by = average annual number of male/female births, during 1941/1946,

144 = sox ratio at birth = ratio of malo births to femalo births,

14+k= D;"{“[l)ﬂ“, writing 41 and 51 for 1941 and 1951 respectively,

1+4r = mean l‘}?l“ (during 1946/1951)/mean PWI“ (during 1941/1946),
1IN, L aro lifo tablo functions for males/females, at age z, and (LE) = :§u &P,
Delermination of D and by. Wo have,
DYt = PRL—Pi,

a8 u first upproximation =a.
169



SANKHYX : THE INDIAN JOURNAL Of STATISTICS: Serizs B
TABLE 1: PROJECTION OF 1941 POPULATIONt TO 1951 BY SEX AND AGE.GROUPS

adjusted population - il
population projectod population projocted population
age-group 1951¢ (multiplying fuctor = 1046 1051
(00's) 1.056085)*

[0) (@) @) ) (%)
All.India : malos
0—4 202,224 213,662 (254,441)
5—9 208,762 220,466 187,819 (223,771)
10—-14 173,045 182,747 205,006 175,415 (208,993)%¢
15—19 145,230 153,372 172,044 194,861
2024 132,165 139,575 145,467 164,030
2520 127,091 134,216 131,489 137,040
3034 116,039 123,405 125,132
35—-39 100,307 105,931 113,609
40—44 84,283 89,008 95,703
45—9 70,034 73,960 78,670
50—64 55,712 58,835 63,001
53—59 41,901 44,345
60—64 29,738 31,405
65—69 18,559 19,600
V- 26,058 21,510 22,660
1,618,036 1,445,663 1,295,266
(1,658,015) (1,481,615) (1,328,844)
(All-India : fomales)
0—4 203,114 214,502 (246,413)
5—9 107,324 208,387 182,726 (209,900)
10—-14 156,271 165,032 104,192 170,279 (195,610)%¢
1519 134751 142,308 167,724 185,503
20—24 130,208 137,603 136,700 141,621
25—-29 125,116 132,131 130,144 120,208
30—34 110,268 116,450 121,810 110,084
35—30 01,707 96,840 104,852 100,683
40—44 75,900 80,260 85,7856 92,874
4549 62,801 66,417 60,070 74,101
50—54 50,340 53,162 66,745 569,789
65—59 39,251 41,452 44,037 47,006
60—61 29,200 30,847 , 386 34,406
65—60 18,771 19,823 22,100 23,202
70— 23,112 24,408 24,314 25,514
1,620,620 1,363,500 ,223,045
(1,861,640) (1,390,683) (1,249,276)

* Ratio of the final population total (both soxcs combined o.f. Final Population Totals, Census of India
1051, Papor No. 1 of 1952), to the total from tho Ago-Tables.

¢ Tho figurve within brackots is tho population, 10~14 in 1951 (eco footnoto 0).
t eco footaoto 6,
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This however includes deaths between 0 and 5 eyars, arising out of 2’3}, which for males

o4
= PYEI=SUL) = o
and for females = pallsn

(a similar expression involving femule functions) = iy,

and for males and females together = fu+fr= 4,

and ezcludes deaths between 5 and 10 ycars arising out of births during 1941/1946, which
for females

= b LPNP (51N LY—1)

and for males = (143).b,.
(a similar expression involving male functions), and for males and females together
=7yb,
takivg & = .05. Subtracting £ and adding y.b;,
DY = a=ptyy, . )
where x, 8, and y aro known constants,
Again, DY . P — Py = 5.

Taking the mean PP during 1941/1946 = }(P™+PI%™) and the mean P{P during
1941/1951 = P}¥™), the former is increased to the latter in the ratio,
PSP+ P = i,
Hence,
DS = 5 i 2,
sinco tho period, 1941/1951 is double the period, 1941/1946. Similarly,
Dﬂl‘"w’ = &2,

Henee DY = 2(3{ i +8.i)) = 3,

Alternatively, for cach sex we can obtain the group valucs of the central mortality rates
from the life tables, and assuming the population in 1946 to be the mean population of the
decennial period, 1941/1941 in each age-group, to which 10 times the group central mortality
rate is multiplicd we have, D},L"“ = 8. Taking the mean of the two valucs,

DY = ¥8,+8) = . ()
From (1) and (2), a—f+yl =34
Therefore b= (@—x+p)ly

and is thus determined. 'Thus the total births during 1941/1951
= B.by(241)+5.(14+8).5(241) = 5.b(2+7).2+2) = B,

r being obtained from the data and & taken us .05.

Dctermination of k and D,"‘l“. Wo have,

DS = (L44). DY,
su that l).‘,'Jg' = kD6 k.3, and D“,;f"
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out of births only during 1941/1951
= kd—p,
but this is also
= (148).by[(G—o LG+ (L 7)A6 — LG IG™) + (LE G (L — I L) ] +-by.
(a similar expression involving female functions)
=puly,
where g is a known constant (taking & =.05). Therefore kd—f = pl;, whence
k= (p.by+4)/8 and is thus determined.

Finally, Dﬂ" = (14k).8 = D. The increasc in the total population from 1941
to 1951 = B—D = I, so that P} = P§}+1, and mean population between 1941 and 1951
= NPR+PR) = P.

Therefore the decennial birth rate = B/P.100%,
and the decennial death rate = D/P.100%,

the decennial rate of natural increase = I/P.100%,.

Further, average annual births during 1941/1946 = by+(14-8).by = (2+43).5; and mcan
s during 1041/1946 = YPRN+PID) = P,

Therefore the general fertility rate = (2+l).blll_“,f,,’/“.l000.

Obviously, the same value of the general fertility rate will be obtained, if the second quin.

quennium, 1946/1951 is considered.

6. In applying the reverse survival method, we start with the age table popula.
tion, 1951, in which, as indicated carlicr, the population in the age-group, 0-4 has to be cor-
rected for under-reporting, and if necessary, in the age-group, 5-0 as well.  Further, to ensure
that the population aged 10 and ahove in 1951 should be the surviviors of the 1941 population,
the procedure adopted here is to obtain P by multiplying P51 by the ratio of these quan-
tities as derived in the application of the differencing method.

To obtain P;I‘, for any scx correctly, cumulative population figures are drawn up at
quinquennial ages, from 70 to 0, and P3}/P§}, denoted by F,, where Fyg = 1 and the scrics
of F, should be a smooth one, provided the ded popul figures are correct.  Thus,
if o smooth graph is drawn through the tabulated scrics of F,, any deviations from tho graph
at individual points could be taken as a pointer to the corrections needed at those points.
To obtain a better estimate of the corrections, the graphical values are adjusted by inspection
of their third differences, to ensure further smoothness. It has been found that both in the
male and female tables, Fy is substantially in defecit of the adjusted graphical value (Fg say)
and there are small defecits also at ages 5 and 15 in the male table. As the tabular value, Fy
must have been depressed on account of under-reporting over the whole table, it might be
thought that Fg would be the value corrected for such underreporting but, the correct value
is even higher than Fg, as would appear for reasons given below.

A similar 1hethod is applied to the adjusted age-distribution of the 1961 population®
the total population, male or female, being increased by .68% to corrcet for total
under-reporting.® Tho scries of F, (omitting Fg) is smooth except for a small excess
at age 5, but Fy, which is now the correct valuo sinco underreporting has been fully allowed

® Agn Tables, Censua of India 1961, Papor No. 2 of 1083, Part 11, p. 35,
» Cenaus of India, 1981, Vol. I, Part IL-A(i), p. 41.

162



ESTIMATION OF ALL-INDIA BIRTH AND DEATH RATES, 1941.60

for, is considerably in excess of Fg. which, as we have scen, falls in line with the rest of the
smooth series. There is thus an inherent “‘roughness” at age 0, i.e., a deviation from the usual
run of valucs, and Fy/F; can be called the “index of roughness™ at age 0, as an inherent feature
of the age-distribution of the Indian population. Further, as this index should not vary
appreciably from decade to decade, in a inuing stable age-distribution as of the Indian
population, the index derived from 1961 is applied to Fy in 1951 to get the correct value of
F,, from which and the value of Fyg (not requiring adjustment in the present case), the correct
population in the age-group, 0-9 in 1951 is obtained by differencing of the corresponding
cumulative population figures and used in the application of the reverse survival method.
1t may be noted here that the value of the index is found to be 1.023 both for males and
females. The age table population, 1951 in total and in the age-group, 09 (for each sex),
and the corresponding corrected populations, cstimated by the process deseribed above,
are shown in the following table.

TABLE 2. CORRECTED AND AGE TABLE POPULATION, 195) (in 00's)
IN TOTAL AND IN THE AGE-GROUP, 0-9, BY SEX

- malos females
T total  ago-group 0-9 total  sge-group 0-9
() 2) @ (4) (5)
age tablo 1,832,867 471,085 1,735,120 460,570
correctod 1,892,300 630,658 1,789,163 514,613

7. Theory of the reverse survival method. It will be noted that in this method as
applied in this paper the decennial births as well as the deathsare derived together, instead
of the former alone as by the usual method.

If by;q = average annual number of female/male births, during 1941/1961 (contrast
with the definition in Section 5),

PN = by LPNYP, and  PY = (148).by0 L1
so that Pg;u =alby,
where a is a known constant (taking & = .05) and by = Ps},/a. Therefore total number of
births (male and female) during 1941/1951
=10%2.05xb=B.
Now, increase in the population in the decennium
1= PP,
and the mean population during 1941/1951
= (PR+PR) = P.

Also, deaths during 1941/1951 = B—I = D.
Therefore decennial birth rate = B/P.100%,

decennial death rate = D/P.100%,

and decennial rate of natural increase = I/P.1009%,.

Further, if PY{J/P{i) =t (from the basic populations in the differencing method),
P} (in the present method) may be taken as P3I) (estimated). ¢, so that mean P{fy
during  1941/1961 = ¥(P{}ff} (estimated)+ P{iff)) = P, Then the general fertility
rate = (BJ10)P{f),, X 1000.
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TABLE 3. ALLINDIA RATES, 1941-50 BY THE TWO METHODS
birth rate  death rate deconnial rato ~genoral fortlity

mothod por (por mille of natural rato (per 1000
per annum) per annum)  inorease (%) fomales, 16/44)
per snnum
() (2) 3) ) (8)
differencing 42.8 31.0 11.8 108
reverse survival 42.1 30.9 n.2 194
mean 42.5 31.0 11.5 196

It will be noticed in the above table that the death rate comes out to be almost identical by
both methods. The birth rates also are close to one another, and so also the general fertility
rates to which they correspond. We have thus tken the means from the above table as the
estimates of the corresponding rates for All-India, 1941-50. It may be argued however
that the use of the All-India life table values does not provide independent estimates of
birth and death rates, since, the life tables had themselves been computed from census
data by age differencing methods, and that the accuracy of the life table values and hence
of the estimates of birth and death rates depends on the correctness of the adjusted age-distri-
butions (in quinquennial groups) in the 1941 and 1951 censuses. A computation of life table
values independently of the age distributions of the two censuses would meet these arguments
and for this purpose, a selection of life tables which can be considered close to the Indian
situation (1941-50) is made from the U. N. Model Life Tables, and additional estimates of
birth and death rates obtained by employing the same methods, for comparison with those
on the basis of the All-India Life Tables.

The selected Life Tables are No. 31 (Females) and No. 30 (Males)!® which correspond
to an infant mortality rate of about 235. This lies between the probable limits of 200 and 250,
but there is no sufficient basis for arriving at a precise figure for the actual rate (Coale and
Hoover, pp. 52-53). They also correspond to a higher value for the male expectation of life at
birth, a feature peculiar to the Indian population, and the difference between the male and
female values is of about the same magnitude as in the All-India Life Tables. Further, the
value (for each sex) is somewhat smaller than in the Al-India Life Tables, which is reasonable,
as the infant mortality rates assumed are higher. The estimates of birth and death rates
by the differencing method come out to be 41.8 and 31.1 respectively, and 42.4 and 29.7
respectively by the reverse survival method. Taking means, the birth, death and growth
rates are 42.1, 30.4 and 11.7 respectively, which may be considered along with those obtained
on the basis of the AU-India Life Tables. It may be of interest to compare both these results
with those obtained by quasi-stable population techniques, viz., 43.1 and 30.9 for the pre-
1951 period (Coale and Hoover, Table 8, p. 44) and 43.9 and 30.8" or with those by the
method disoussed in Section 1 of this paper, viz., 39.9 and 27.432 as the birth and death
rates respectively.
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