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Introduction

MANY datistical publications of Government of India contain a set of estimates of vital rates
for the country, which are quoted fregly in the press and taken uncritically in academic
circles while commending or criticising or censuring our achievements since Independence.
But have we got the facts correct? Are the official estimates consistent with the patterns of
population growth recorded by the decennial censuses, and trace correctly the progress of
demographic transition in the country? As pitfalls in our data are many, demographic
scenarios can be very different depending on how one ¢0oses to correct them. As new
information may not always be consistent with the preceding one, demographic analysisin India
must be a continuous activity of updating and integrating estimates. The celebration of the
country's 50th year of Independence provides an opportune time to reflect and correct, if
necessary, the historical record on the basis of information now become avalale

The main objective of this paper is to put forth an integrated set of estimates of fertility
and mortaity for the country as a whole, that are based upon careful weighing of evidence
from diverse sources, and employing methods that are least susceptible to typical forms of
data errors. The period under consideration is from 1941 to 1991.1 have begun the review a few
years a head of Independence to establish benchmarks for measuring the progress made
since then, but have ended somewhat prematurely at 1991 owing to the want of census data
to confirm the trends indicated by other sources.

While assessing demographic trends during the post-Independence era, one encounters a
great data divide at around 1971. For the pre-1971 period, demographic estimation would
have to rely amost exclusively on information on growth and age-sex structure of the
population provided by the population censuses. The subsequent period ishowever inundated
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with inffometion from mary quatas the Sanpe Regdraion Sydem ad other demogrgohic
sample arveys provide more recant informdion then the cansus and the contents of caals
information itlf hes become riche owing to the induson of quetions on fetility and child
mortdity. The prodem hes thus become one of dhoodng from among the mary  possble
contenders

The avdladlity of ovelgping sourcss of inffometion for the pos-1971 paiod hes dso
implications for demogrgohic edimetion for the pre1971 paiod In paticdar, it conibutes to
the undadanding of the ndure of hissss presat in damogrgphic esimaes daived from the
e ddribuion o the popdaion ad in revisng the ndes of thumb devisd to asdd
estimation in the presence of distortions in the age data. We are thus in an advantageous
pasition then theandysts of the peet in meking esimetesfor this period too.

Mortdity esimates are fird teken wp for review as they fom inputs in edimding fetility
mesares from age-sx didributions of the populaion. As they often are daived from differat
dada sourcss edimates of child mortdity and edut mortdity are sgparady discussad before
reviening theesimates of life expedtancy a hirth.

Levesof Adult Mortality

Bedare the incgption of the Sample Regidraion Sydam, the sdle bias far the messramat of
mortality level was through the comparison of sizes of cohorts enumerated at different ages
a periodic intervals. Although severa methods were employed to achieve the same
objective, dl suffered from the basic flaws in the census data - changing enumeration
completeness, age misreporting and migration - to varying degrees. As no independent
informetion of rdicble qudity was avaldde thee was no way of knowing the meits of the
proposed edimaes The emagence of the SRS in the ealy 1970s provided for the fird time a
reedy biss for meking such an evdudion. Therefore | ddl fird condder the edimaes of adlit
mortdity for thedecedes 1971 -81 and 1981 -91

Estimates for Periods after 1971

Aihong the many methods proposed for the estimation of mortdity from intercensa
analyses, theoreticaly most rigorous is the 'variable-r' methodology proposed by Preston
and Bardt (1983). It mekes no assumption of dablity ad ue of the modd life tables is
kgt to a minmum. It can futher be improved by usng a cohortwise intlepdaion in pace of
the agewi inapdaion whle etimaing the ingcensd pasonyears of exposure (Code
1984). In populations where gross distortions are common in reported ages, the cohort
interpolation has the additiond advantage of providing some in-built smoothing to age
distributions (see Bhat 1995). | have therefore applied this method to the data from the
casess of 1971, 1981 ad 1991 The intapoldion fadors used in edimding the pason
yearslived weretaken from Bhet (1987), and repracuced hereiin Table Al of the gppendix™.

L A programme in Lotus 323 that implements the method can be obtained from the author by sending Rs
100- by M. O. or demand drft if the floppy is to be mailed within India. For users outsde India the price isUS
$10,induding postege:
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To estimate a complete life table from this procedure information on the number of births in the
intercensal period is necessary. A set of birth rate estimates presented later in this paper has
been used to generate the whole life table. Here, however, we are concerned with the
estimates for ages above 10 which are insensitive to the assumptions about the birth rate.

The estimates of life expectancies at various ages computed using the variable-r
methodology are shown in Table A2 of the appendix. They make an interesting comparison
with the estimates of life expectancies derived from the SRS data for the corresponding
period®. Figure 1 shows the ratios of life expectancy estimates from the two sources for
1971-81 and 1981-91. If the estimates from the two sources are identical at all ages, the
ratios should fall in a stright line. The plots shown in Figure 1 suggest a systematic deviation
from the expect value of 1. The ratios of male life expectancies are close to 1 at ages under 10;
thereafter the ratios show a rising trend up to age 25, then a fall until age 40 and a sharp rise
after 45 years. Since the male ratios of 1971 -81 and 1981-91 show very similar patterns of
deviation, they must be arising out of typical patterns of age misstatements in the census data.
Nonetheless, as estimates at younger ages are close to one, the overall level of mortality
suggested by the census analysis is almost identical to the SRS estimates. The slightly higher
ratios of 1971 -81 compared to those of 1981 -91 suggest either (i) a somewhat higher level of
underestimation of mortality in 1981 -91 compared to 1971 -81 in the SRS, or (ii) a higher level of
underenumeration of males in 1971 and 1991 censuses compared with the 1981 census. This
issue will be resolved shortly.

Since at most adult ages the census-based estimates of male life expectancy are higher
than the SRS estimates—despite being nearly equal at younger ages - estimates for any
arbitrarily chosen age range cannot be averaged to give an unbiased estimate of adult mortality
level. However, the bias in the census-based estimate can be kept to a minimum by averaging the
life expectancy estimates for ages 15 and 10 years, since for both the decades, the former
is slightly higher than the SRS estimate while the latter is lower. In order to convert this
average to a more commonly used index of adult mortality, such as life expectancy at age 5
(es), I suggest, as Preston and Bennett do, taking the ratios of ey and e;s to the
corresponding values of a standard life table and multiplying the average of the ratios by the
value of e, of the standard table®.

The life expectancy ratios of females presented in Figure 1 are far more puzzling. They do
show a systematic deviation by age, similar to those of males, but the census estimates of life
expectancies at all ages are higher than the SRS estimates for 1971-81 while being
substantially lower for 1981-91. This could be suggesting either that death rates from the
SRS had significant downward bias in 1981 -91 while being biassed in the opposite direction in
1971 -81, or that the underenumeration of females was significantly larger in the 1971 and 1991
censuses compared with the 1981 censuses.

! For this purpose, I have computed abridged life tables for 1971 -81 and 1981-91 from the annual SRS rates using an
identical methodology. They differ only marginally from the official tables for the quinquennial periods. * However,
to estimate ey, using the cohort interpolation method, it is necessary to have an estimate of live births in the intercensal
period when the censuses are 10-year apart. Fortunately, the e, estimate is not very sensitive to the assumed level
of the crude birth rate. As such, only an approximate value is needed. Since the estimate of ey, from the method is
sensitive to the choice of the crude birth rate, it is not used in arriving at an estimate of the adult mortality level.
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Among the two propostions the cansus underenumadion hypathess gopears fa more
aedble for svad reesons Frd, a dadic dange in the dredion o SRS compldeness
batween 1971 -81 and 1981-91 sws quite wnlikdy; if a dl it denged, evidaee farous an
improvamat in the SRS compldeness duing 1981-91 rather then its detaioraion. Seoond,
ay dagss in the SRS compldeness wodd have dfedted both the sexes abaut equely.
lhrd, the camsbesd edimdes indcde a rise h motdity levds of women  bewen
1971-81 ad 1981-91 while a lage drap hes ben regdaed for the preceding paiod For
exarpe the oanaus-besd edimates of s show an increese of 6.1 years batwean 1961-71 ad
1971-81 ad a drop o 07 yeas duing the next ten yeas (s Tade Al). Frdly, thee is
indgpendat evidee 10 Pt geda levd of undaeumadion in the 1971 cams
(Visxid9rl).

To edtimate the relative levels of femae underenumeration in 1971 and 1991, the
respective census totals are to be raised relative to that of 1981 o that the femdle life
expadtancy raiocs of 1971-81 and 1981-91 ae if nat ideticd, nearet to eech ather. As the
rdios of the two intgoansd paiods come nearet to the expedted vdue of one (Sonifying
thet the SRS ad cass edimdes ae idaticd) a younge ages it is reesongde to asume
thet, in a gtution whae the two canausss ae equdly conpee the meen o e, ad es
vduss woud gve an ubiessd etimde o the led alit motdity anong fardes too.
Aoccordingly, we rased the 1991 canaus populdion tatds by age such thet the meen of the
imdied ey ad s vaues would be idaticd to the meen of the SRS ediméates far the paiod
1981 -91. Smilaly the 1971 caas tatds ware rased to mech the SRS edimdtes of 1971-81.
In dong s, the levds of undaeumadion wes asumad to vay from age to ae far this
pupoe we mece ue o the aepdten of udeeumadion suggeted by the pot
enumaraion dhecksof thelest threecena s

Thee computdions uggeded an excessve undercount of 1.8 parcat anong femdes in
1991 oaaus ad 08 paoat in 1971, bath in rdaion to the levd of undaraount in the 1981
census. The number of femaes that went additionaly missing in 1991 on account of
udaeumadion wes put & 7 million, of which 1.2 million (175%) wee in the age goup 04
yeas In 1971 the numbas wee 21 million ad 044 million (21 %), reppadtivdy. Smilar
computations were made for the males too; but the indicated changes in the leve of
udeaumadionweremagnd: 02%in 1991 and 0.3%in 1971,

It wes futher dosarved thet even diter raiang the femal e populations of 199) and )97) ty
the aove magns life expedancy raios far the two paiods ramanaed far goat & dder iges
(e FHoure 1). This may be suggesing thet the exoessve undarcount & ddar ages was nuch
lage then whet is asumed in my compuitions  Altardivdy, there may have ben m
unsdly lage trade of women to dda ages in the 1981 cgas on aooout of ae
tnisstatements A stifadory eqdandiontothisisyet to befound.

4 Asthethree postenumeration checksindicated very similar age petternsof underenumeration, they were
averaged to obtain agandard pattern of net omissonratesper 1000 of enumerated population:

Age Interval

0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 5559 60*
Males 235 158 184 154 246 183 141 124 108 94 9.1 7,7 104
Females 255 169 177 223 219 178 136 95 89 138 139 126 234
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The review of mortality estimates for the decades 1971-81 and 1981-91 provides
nevertheless an important rule of thumb: the average of the estimates life expectancy for
ages 10 and 15 that are derived using cohort interpolation in the variable-r methodology
gives a reasonably satisfactory estimate of adult mortaity in Situations where census
compl eteness remains more or less stationary. Large changesin enumeration completeness
can aso be detected from the method by studying the ratios of life expectancy estimates.
Armed with this information, we may now examine the estimates for earlier decades.

Estimates for Periods before 1971

Edtimates of life expectancy derived using the variable-r methodology for the decades
1931-411t01961 - 71 areshownin Table A2 of the gppendix. Owing to the suspected quality d
caas daa for 19411 have ds0 provided edimetes for the decade 1931-41 for compatison. The
estimates were made for both using the unadjusted census totals and adjusted figures for
migration and suspected changesin enumeration compl eteness.® Further, adjusted esimates of
life expectancy at age 5 were derived by accepting thelevel of adult mortality implied by the
averages of the life expectancy estimates for ages 10 and 15 and converting them to e
estimates using the SRS life table of 1981-91 as the standard. In Table 1, these adjusted
estimates of e; are compared with estimates from the official life tables and other sources.

For 1961-71 the preferred estimates are those derived after adjusting the 1971 census
totals for underenumeration, as the deficiencies of this census has already been pointed out.
The adjusted variable-r estimates of e; are higher than the officia life table estimate for the
decade by 3 yearsamong females and 1.8 years among males. However, the new estimates
are lower than those contained in the report of the NAS Panel of India (Bhat, Preston and
Dyson 1984), especially for males.

For 1951 -61 the major cause for uncertainty isthe required correction for migration. An
officid estimate put the net immigration to India (particularly to the eastern parts) during this
period at 3.14 million. Others have estimated a somewhat lower level of immigration (e.g.,
Visaria1969). But any migration correction in theintercensa analysisleadsto unacceptably
high estimates of mortality for this period. In particular, it implies extremely low gainsin life
expectancy between 1941-51 and 1951-61.1 suspect that the migration estimates for this
decade do not adequately take account of the counter flows of migrants from India to
Pakistan. Hence the unadjusted estimates are preferred, though later | will show that even
these estimates may be biassed. Somewhat surprisingly the variable-r estimates of e thatare
unadjusted for migration compare favourably with the officia estimates, which possibly were
coredted for the asaumed levd of migraion. Apperertly there weare other compensdting errors in
the method employed by the census actuary.

Although there were large territoria transfers during 1941-51, the available estimates
suggest negligible impact of migration on census totals. But the alleged overenumeration of
populaion in 1941 casus ad incomplee informetion on the age didribution of the populaion (see
Mukharjee 1976) complicates the analysis. If an estimated overenumeration of 2 million

® For making migration correction, | have made use of an age distribution of migrants reporting aduration of
resdencecf 0-9yearsin 1971 (sseBhat 1987).



TABLE 1: ESTIMATES OF LIFE EXPECTANCY AT AGE 5 DERIVED FROM VARIABLE-r METHODOLOGY USING COHORT INTERPOLATION AND
THEIR COMPARISON WITH THE ACTUARIAL AND OTHER ESTIMATES, INDIA, 1941 TO 1991

Estimates derived

wrpu] oouopuadopur-isod I10¥ ssreumsy oryderSowsq

Decade/ from variable-r Actuarial
Assumption methodology estimates Other estimates
Male Female Male Female Male Female Source
1931-41
Unadjusted census counts 44.0 44.9
Adjusted for immigration - - 44.0 41.7 Davis (1951)
and overcount in 1941 42.9 44.1
1941.5}
Unadjusted census counits 46.7 46.5
Adjusted for immigration 40.9 40.9 45.6 452 Visaria {1969)
and overcount in 1941 47.1 46.6
1951-61
Unadjusted census counis 43.4 47.5
Adjusted for immigration 47.2 46.8 487 47.0 43.2 41.9 Visaria {1969)
1961-711
Unadjusted census counts 53.4 523 520 50.2 55.4 53.7 Bhat, Preston &
Adjusted for undercount 53.8 533 Dyson (1984)
in 1971 {0.3 & 0.8%)
1971-81
Unadjusted census counts 58.1 59.6
Adjusted for undercount - - 57.9 59.0 Official SRS L.T.
in 1971 (0.3 & 0.8%) 57.6 58.3 517 584 Author's SRS based L.T.
1981-91
Unadjusted census counts 59.8 58.9
Adjusted for undercount - - 60.5 62.1 Official SRS L.T.
in 1991 (0.2 & 1.8%) 60.1 61.7 60.1 61.7 Author’s SRS based L.T.

62
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pass (Inda Regdrar Genad 1953) in 1941 is dloved far, lage gans in life expedancy
ae impied bewen 1931-41 ad 1941-51 ad vay litle improvemat is suggetad for the
paiod 1941 -51to 1961 -61 The use of unedugted tads for 1941 brings the suggested pettemn of
changes to a mare acogpteble leve. | sugpedt thet some over enumadion of the population in
Punjeb and Bengd was compenssted by underenumation in ather parts of the country as the
1941 censuswias undertaken under disturbed conditions of Warld Wer DL

The vaidder esimaes of 5 computed from the unadjusted cenaus tatds are higher by
about 6 years from the officia estimates. Such a difference could not have occurred but
from a use of dffaret age ddribution or an aroneous mahoddogy. The vaidder esimates are
however doser to the edimates mede by Visaria (1969) from agtable populaion modd.

Wi dowhood Edtimates of Adult Mortality

The edimaes of adut mortdity revieved 0 fa ae atha bessd on the caaus dda an
ae ad gomh raes of popudion, or dredly daived from the SRS It woud paticaly be
vdudbe to have an indgpendet dheck on the esimaed trends in mortdity duing the pre-
RS paiod Widonhood data from the censuses presat one such posshility. Thee daa
have rady been usad becaue of the possble contamindion from remariages Howeve, as
widow remariages ae nat thet common in India informetion on women's curant maitd datus
may beavausilesourcefor edimating trendsin mortdity levdsamong men

On this conddaaion, | have goplied the widowhood method (United Nations 1983) to the
cgas dda of 1951 to 191 The edimates of adut suvivordip ad ther gopraximete
reference periods are shown in Table A3 of the appendix. Mode life tables are used to
convat the edimaes of aduit survivordhip into a common index of adut mortdity such as g,
Snce the SRS life tables augoest thet mortdity rates of men between the ages 25 to 60 ae
more dody goproximeted by the West modd life tables then the South modd tables | have
used theformer in dariving the edimates of e, Thesetoo areshownin Teble A3,

The edimates bessd upon the widowhood data of women under the age of 40 sugget
vay low levds of mde mardity possbly because of high raes of ramariage among young
widows Daa for women of ages above 40 show moare acogpteble levds of martdity; hence in
Hgure 2 only the esimated trends in mde adut mortdity deived from the reports women aged
40to 59 are shown. For compearison | have do shown theesimetes of e darived from

ESTIMATESOF MALE LIFE EXPECTANCY AT AGE5

Reference Variable-r Inter polated Ratio
year estimates W dowhood
estimates (45-54 ages)

19362 240 501 1.14
1962 467 509 1.09
19562 484 549 1.13
19662 538 581 1.08
19762 577 615 1.07

19862 601
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Fig. 2. Estimates of male life expectancy at age 5 from widowhood data, all India
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the application of variable-r procedure. As can be seen from the figure, the widowhood
estimates suggest very similar patterns of risein maelife expectancy asthat of thevariable-r
estimates. However, not unexpectedly, all widowhood estimates of life expectancy are
higher than those derived from the variable-r procedure. The widowhood estimates that
come closest to the variable-r estimates are those based on the reports of women aged 50-54.
This may be because of higher levels of digit preference in the age reports on widows.
Therefore, the widowhood estimates of adult mortality based on women aged 45-49and50-54
may be averaged to study the trends in mortality:

Although both the series suggest rising levels of life expectancy, there are some subtle
differences. The widowhood estimates indicate somewhat less rapid increase in life
expectancy which may be because of the fall in widow remarriage rates as a result of a
marriage sgueeze against women (Bhat and Halli in press). Nevertheless widowhood
estimates suggest a sharper increase in male life expectancy between 1946 and 1956. In
part this may be because of the problems associated with the 1941 census data. If the
estimates for 1936 and 1946 are averaged, an upward bias of 12 percent isindicated in the
widowhood-based estimates. Theimplied biasin the widowhood estimates shows a steadily
fdl exogat for an unexpedted jump to 13 pacat in 1956. This may be because of a downward
bias in the variable-r estimate for the decade 1951-61. This bias could be corrected by
assuming that the error in the widowhood estimate for 1956 should fall roughly in between
those suggested for 1946 and 1966. Thusit is proposed that the true levels of male mortality in
1931-41 and 1941-51 were 12 percent lower than the widowhood estimates for the
respective periods, and in 1951-61 they were lower by 10 percent. For the subsequent
periods the estimates from the variable-r procedure could be relied upon without any
correction. To obtain the corresponding estimates for females, the sex differentia in adult
mortality suggested by the variable-r estimatesis used. The estimates of e; corrected in this
manner are shown in Table 3, which represent the final estimates of this section.

Edimatesaf | nfant and Child Mortality

Assumed levels of infant and child mortality form the most contentious part of the
demographic estimates proposed for the pre-SRS era. However, as with the estimates of
adult mortality, it isconvenient to review first the estimates of infant and child mortdity forthe
more recent periods. When the SRS began to map yearly trends in the.early 1970s, it
showed nearly unchanging levelsof infant mortality until 1978. After thisdate however, ithes
registered a steady decline in infant mortaity levels. A question arises as to how far the
suggested constant levels of infant mortality for the early 1970s is correct?

When the trends in mortality levels at very early infancy are examined some strange
patterns are revea ed. While the post-neonatal mortality has registered a steady downward
trend since 1972, neonatal mortality rates have shown a sharp increase from 70 to 80 per
1000 between 1973 and 1977, and a steady fall after 1978. If we .probe further near the
event of birth, the early neonatal mortality rate (mortality in the first week of life) showsa
strange pattern®. From alevel of 33 per 1000 in 1973 it rose sharply to 49 per 1000 in 1976

®Theesimateof early neonatd mortdlity rateiscomputeblefromthe SRSdataby subtradting theestimateof till
birth ratio from the estimate of perinatal mortality rate.
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(s Haure 3). This increese wias fdloved by a shap dedine until 1985 and a dow fdl dnce
then. But even in 1993-94, the reported levels of early neonatal mortality are higher than
thosereported for 1971 -73

The suggested trend of the till birth ratio is even more enigmatic (see Figure 3). It
remaned unchanged & 175 pa 1000 live births until 1976, ad then begen a dhap fdl to 8 per
1000 in 1982, then the rdio begen to dimb ad reached 13 per 1000 in 1988, Snce then it hes
deadly fdlen to reech 9 per 1000 in 1994. Thus if ane were to bdieve the SRS dary, during
the last 25 years ill birth ratio has declined by about 100 percent while there has beenno
perogtible drangein themortdlity risk of the pariod immediatdy falloning thebirth,

It gopears quite likdy tha the SRS trends are influencad by the conogaiud prablems in
dgingusing a dill bith from an infat desth. The lage fdl in dill kirth retio bawean 1976
ad 1982 ad its dbsuat rise util 1988 sans paticdaly gouious ad a readt o the
dasdfiction pradem. By asuming a lineer fdl in the dill birth rete from 175 in 1976 to 13 in
1988, it is possible to correct the SRS trends. However, the registered rise in the early
nearly neonata mortality during 1973-77 cannot be easily attributed to the classification
prablem as the dill birth retio hes nat shown any dragtic chenges during this period. Therefore the
rise must have been due to an improvement in the netting of early infant deaths. The ealy
neondd mortdity raes of the paiod 1971 -76 coud be coredted by assuming that the raie wes
more or less condart & aound 50 pa 1000 (goproximady its 1976 levd). Thus the revisd
raes imply a fdl of dill kirth raio from 175 in the eady 1970s to 9 par 1000 in the ealy 19905
ad a redudion of ealy neondd mortdity rae from 50 to 34 par 1000 duing the same paiod
- which gopear far more plausible then the uncorrected SRS trends

The suggested corrections for the estimates of early neonatal mortality rates have
implicationsfor theesimates of infant martdlity rete and degth rates of the ageintarvd 04,

The infant mortdity rate coud esdly be cometed by an addtion, but comeding degth
rate of 04 ages is somewhat complicated. First an estimate of the probability of dying
between birth and age 5 (also known as the under-5 mortality rate) is derived from the
unedjugted rates usng thefarmula

g.=m(5-2¢)/(1+275m) (1)

where my is the death rate of the age interval 0-4 and q; isthe infant mortality rate. This
formula assumes that infant deaths live for 3 months on an average and desaths of the age
interva -4 livefor 125 yearsdter completing oneyesr.

From the unedjusted edimetes of g, and gs the esimate of probshlity of dying between the
ages 1 and S yearsisedimated usng theformula

4. =G, -q9)/ (1-q) (2)

Snce the mortdity rete in the age intavd 34 were undfected by the erors m the esimate of
ealy neordd mordity, an aduded edimate of gs can be daived by puggng in the adjusted
edimate of infant mortdity rate in eguation (2) dong with the edimate of 1 daived udng the
unadjusted rates. Further, the adjusted rates of both gs and infant mortality rate can be
plugged back in equation (1) to get arevised estimate of the death rate of ages 0-4.
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The adused SRS edimates of infat and child mortdity rates ae hown in Table A3 o
the gopendix. The coretted edimdes dhowv thd infat mortdity wes indeed fdling in the
aaly 1970s from about 150 pa 1000 in 1971-72 it decressd to 125 in 1978, The dedine hes
continued duing the 1980s to reech a levd of 75 in 199394, The unde-5 mortdity rae hes
shown an even more impressive fal: from about 240 per 1000 live births in 1971-72, it
declined to 200 in 1978; except for an abrupt increase during 1983-84, it has decreased
deedly o record in 199394 a veue less then helf of the levd it Sarted with in 1971-727 It is
possbe to dhedk the vdidty of this paten of chage from the indred edimates of child
mortdity derved from censug'aurvey dataon chiloren ever-bom and children sunviving,

Indirect Estimates of Child Mortality

Besides the 1981 and 1991 censuses, a number of national surveys have collected
informetion  required for the indredt edimetion of child mortdity snce the mid 1960s In
Tabe 2 | have shown the indred edimates of child mortdity deived from the two recant
popdaion censusss ad five counrywide suveys As the infomaion suppdied hed  dightly
vaied from source to source it hes not been possble to goply the same &8 of mutiplies in
each ca2 but this shoud nat sgnficantly dfedt thar comperaality. For the sske of brevity, |
will restrict discussion to the graduated estimates of s derived from the responses of
women aged 20-24 and 25-29 years at the time of census/survey. Figure 4 shows a
compaison of the indredt edimates of g with those computed from the adjuded SRS raes As
can be seen, but for the estimate from the National Family Heath Survey, all indirect
estimates of under-5 mortality are significantly lower than the direct estimates from the
RS The dild motdity edimete from the Netiond Family Hedth Suvey far 1989 (130) is
quite close to SRS estimate for the same year.? Baring the NFHS based estimate, other
indirect estimates of child mortdity show an average downward bias of 25 percent. This
suggests that unless a complete birth history is probed, even the younger women tend to
undarepart child desthsinasurvey, and moresoinacanaus

This doext however imply thet the indred edimates of child mortdity ae worthless
When the estimates from several sources are taken together, they show a pace of child
mortality decline very smilar to that registered by the SRS (see Figure 4). But for some
minor devidios - posshly refleding the rdaive completeness of survey data - dhild mortdity is
shown to have fdlen dmod linealy from the ealy 1960s to the lae 1980s If a draght line
is fitted to the data excluding the NFHS estimate, a drop of 31 per 1000 in under-5
mortdity is indicated for evary five years If a amilar line is fitted to the SRS dda from 1971 to
1994, it too uggests a dedine of 30 par 1000 in child mordity for evay 5 yeas Such a
condgency ismarethen what onewould ask for inany deta

" Theabrupt risein child mortality in 198394 may bebecauseof the switching of the SRSsampling unitswhich
afectsthe popul ation reported & ages04 years.

8 Thechild mortdiity esimatesfromthe NFHSbirth hitory detaarehowever lower thanthecorresponding SRS
edimates which paintstotheposshility of datemistatementintheNFHShirth history.



TABLE 2: INDIRECT ESTIMATES OF CHILD MORTALITY DERIVED FROM DATA ON CHILDREN EVER-BORN
AND CHILDREN SURVIVING FROM VARIOUS CENSUSES AND SURVEYS, ALL INDIA

5

Source Year of survey/ g° q3 q q'° Gsraduated Boss

census g @@ female
mortality

NSS 20th round * 1965-66 0.211 0.240 0.268 0.309 0.251 -

ORG Survey 1970 0.212 0.214 0.234 0.242 0.269 0.238 -

SRS Specid Survey @ 1972 0.174 0.190 0.206 0.220 0.204 -

SRS Specid Survey @ 1979 0.162 0.152 0.160 0.173 0.184 0.177 -

Census of India 1981 0.123 0.132 0.152 0.173 0.192 0.144 101

Census of India 1991 0.085 0.086 0.095 0.107 0.121 0.097 171

NFHS-I 1992-93 0.123 0.107 0.117 0.143 0.163 0.130 6.0

Reference period ** 2.2 4.2 6.5 9.1 12.2 3.2

* Derived from data classified by duration of marrige after applying some correction to those reported for widows, see Bhat (1987). @
Weighted averages of state-specific estimates, see Bhat (1987).
** Y ears before the survey/census; as they showed little variation, estimates from severa sources were averaged. @@
Graduated estimates of g & g* with a South model life table.



TABLE 3: LEVELS OF INFANT AND CHILD MORTALITY IN MODEL LIFE TABLES CORRESPONDING TO ESTIMATESOF LIFE
EXPECTANCY AT AGE 5, AND EXTRAPOLATED ESTIMATES OF INFANT & CHILD MORTALITY
FROM THE SRS

Estimates for both the sexes combined*

Decade Preferred Weighted average  Extrapolated Actuarial

estimates of Corresponding Corresponding of West & South SRStrends life-tables

€ to West model to South model

Male  Female oq I MR q IMR q° I MR oq IMR g IMR
1931-41 45.1 46.0 0.348 234 0.431 243 0.348 234
1941-51 45.8 45.6 0.344 232 0.427 241 0.344 232 0.395 243 0.309 185
1951-61 49.9 49.0 0.276 184 0.356 202 0.303 184 0.335 207 0.224 146
1961-71 53.8 53.3 0.208 140 0.284 166 0.259 153 0.275 171 0.192 129
1971-81 57.7 58.4 0.139 97 0.213 133 0.215 135 0.215 135
1981-91 60.1 61.7 0.102 73 0.173 114 0.154 95 0.154 95

* Sex-specifc estimates were combined using a sex ratio at birth of 106.
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Child mortality estimates by extrapolation

While the dl-inda saies of infat and child mortdity retes from the SRS begins & 1971
only, by usng the Brasstype indredt edimetes of child mortdity it is possble to go bedk anly up
to the beginning of 1960s. For making estimates for earlier periodsiit is necessary to resort
to some fom of edrgpdaion. One such methad s the extrgodlation of aduit mortdity levds to
childhood ages with the dd of modd life tebles In Teble 31 have shown the modd life teble
edimdes of infat mordity and unde-5 mortdity rae coreponding to the adut mortdity
esimates mede in the precsding sadtion. The esimates coresponding to West and South moddl
life tehles have only been shown as they are the main contenders to rgoresent the age pettern
o motdity in Inda Thae is qute a bt o vaidility in the levds of uda-5 motdity
indicated by the two modd families but the difference in the suggested levedls of infart mortdity
is quite smdl (s Hgue 5. For exanple for 1941 -51, the levd of under-5 dhild mortdity (for
both sxes combined) coresponding to the edimaes of adult martdity for the decade is aout
350 per 1000 unde the West modd and 430 under the South modd. But the suggested range
for the infant mortdity level is only between 230 to 240. This is becausethemgor causefor
unoatanty isthelevd of mortdity intheageiniavd 1-4 years

Attertion may be drawn to aother intereding agpect of FHgure 5. The changes in adult
mortdity levds in Inda wes such thet a liner fdl in the levds of infant and dhild mortdity
could be expected between 1941-51 and 1971-81. Such atrend is predicted by both the
modds Beawemn 1971-81 ad 1981-91 howeve, a dowing down of the dedine is predided
(even though this dd nat aduely hgppen). It hes dreedy been noted that both the adjused
KRS raes ad indred child mortdity edimetes have indicated a liner fdl in child mortdity
dnce the 1960s Therdore the adjusted SRS rates for the 1970s could be projected backwards in
time assuming a linear dhange in mortdity. The trends in infant and child mortdity suggested by
uch an exardse have d o been shownin Table 3and Hgure 5.

In the cae of infat mortdity rates the bedeprgected SRS raes ae vay dos to the
levels suggested by the South model life tables. For the past however, there is not much
difference in the estimates of infant mortality predicted by the two models. For 1981-91,
where the dfference begins to widen, the SRS raes how a tenday to move towads the
Wes modd lifetedbles

In the case of under-5 mortdity rate, the SRS rates are amost identical to the south
mode values in 1971-81, But as one goes back in the past, the back-projected SRS rates
move dosg to the West modd vdues By 194151 the extrgpdaed SRS unde-5 martdity
rateswere roughly halfway between the West and the South modd vaues

What this exadse shows is thet duing the course of mortdity transtion in India for an
unt dhenge in the adut mortdity levd, child mortdity levds have dedined donver then whet is
impliat in the modd tddes As audh, the age patten of martdity hes undergone a dhift from
a pdten dosgr to West modd tdbles to thad of South modd tables This trandtion wes
competed in 1971-81. Snce then, dedines in adlit mortdity levds have tepared off (epeddly
anong mdey, while dedines in infat and child mortdity have continued - thenks perhgps to
immunizetion and child nuiition progammes: and the age petten of mortdity is tilting beck
towardsthe West modd lifetables
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Kegong this in mind, | propoe two dtardive soenaics far the prel971 levds of dhild
mortdity. Under the fird soenario, dhild mortdity levds duing 1941 to 1971 ae assumed to be
the same as those obtained from back-projecting the adjusted SRS trends. Under the
ssoond soaaio, the West modd age petten of mortdity is assumed to goply for 1941-51, ad
the South modd paten for 1971-81. For the intavening paiod, infat and dhild mortdity rates
ae computed by linear intepdaion It mey be noted thet under bath the soaaios the implied
levels of infant and child mortality are higher than those contained in the officia Indanlife
tebles (sse Tadle 3). Implicions of the two mortdity soenarios for the levds of fatility and

pettemns of populaion gronthwill be gauged later inthis peper.
Sex Differentialsin Child Mortality

Discussion on this issue has been avoided so far because the mode life tables do not
adequately describe the patterns observed in India. Fortunately, the estimates of sex
differentials in child mortdity can be obtained directly from the application of variable-r
procedure to the canaus daa on age-sex drudure of the populdion. This edimae is tatdly
insendtive to the assumed level of crude birth rate, but requires an assumption on the sex
raio & birth. The edimate is d sadtive to the dhanges in enumaation compldeness and
differences in age misstatements patterns by sex.

TABLE 4: SEX DIFFERENTIALSIN CHILD MORTALITY IMPLIED BY THE VARIABLE+-
ANALYSISAND IN THE SRSLIFE TABLES, ALL INDIA, 1941 TO 1991

Decade Estimate of g™ Female-male
mortality
Males Females ratio
1931-41 0.449 0.472 1051
1941-51 0.444 0.440 0.991
1951-61 0.365 0.380 1041

Without underenumeration correction

1961-71 0.322 0.354 1.099
1971-81 0.240 0.264 1.100
1981-91 0.183 0.223 1.219

With underenumeration correction

1961-71 0.319 0.344 1.078
1971-81 0.245 0.273 1.114
1981-91 0.183 0.199 1.087

Life tables constructed from SRS data

1971-81 0.229 0.254 1.109
1981-91 0.167 0.183 1.096
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Tdde 4 dons the edimaes of probeblity of dying before ataning the age of 15 years
derived from applications of the variable-r methodology for both males and females. The
age range up to 15 years is chosen to minimize the affect of age misstatements on the
estimated sex-differentials in mortality. The absolute level of mortality indicated by the
egimates is to be ignored dnce it is dfeded by the assumption on the levd of hirth rae The
ex-gadfic edimaes of dild motdity dow that the exoess mortdity of grls was no more
than 4 percent up to 1961. It has shown a tendency to increase in recent periods. If no
coredion is mede for the dffaatid undeeumaadion of fandes a dap incesse in the
femde dsavantage from 10 paoat in 1971-81 to 22 paoat in 1971-81 is indcaed. This is
appoted by the sexgpadfic indred edtimdes of child mordity deived from the 1991
census data (see Table 2). However, this is not borne out by either the SRS data or the
NFHS data which how an excess fande mortdity of less then 10 paoat in the laie 1980s As
there are grounds to assume that the 1991 census data on child mortality were of poor qudity
then thet of 1981 caas its evidance mey be st adde Al to be noed is thet in my
cdcudions | have usd throughout a s rdio a birth of 106 mdes far 100 ferdes If, &
ome dam, the s rdio a hirth too hes gone up, it would have the effect of dampening the
edimaed rise in the sex raio of child mortdity. It ssams to me thet the evidence is dightly in
favour of the underenumeration hypothesis, as there certainly was some undercount of
women at older ages in 1991. If a correction is made for this, one actualy sees some
redudtion inthe sex differentidsin mortdlity betwean 1971-81 and 1981-91 (sse Table 4).

Estimates of Life Expectancy at Birth
By combinng the edimates of adut mortdity and child mortdity, it is possble to arive a

the esimates of life expedtancy a hirth.” As two edimates of child mortdlity are proposed for
the pre-1971 pariod, therewill betwo esimates of expedation of lifea birthe

Decade Official estimates New estimates
Male Female Male Female

1931-41 321 314 309332 311-335
1941-51 R4 31.7 314-338, 309334
1951-61 419 406 373390 359376
1961-71 464 4.7 436-445 419429
1971-81 515* 50.5* 500 493

1981-91 56.5* 56.9* 556 56.2

* As per the official SRS life tables.

In spite of the large differences in the estimates of adult motility and child mortality
levels, my estimates of expectation of life a birth are not substantiadly different from the
dffidd edimates Thisisbecausewhilethe new esimetesof dhild mortdlity are subdantialy

® Edimetesof lifeexpectancy a hirthisderived using therelation:
&= (es+5-39)(\-qs) + a
Thevaueof a,isassumed to be 1.1.
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hge then the dfficd edimetes the suggeted levds o adut matdity ae lovea. Thus the
presnce of compensting arars in the dffidd edimees reducad the disorgoandes in the
etimdes of life exqpadancy & hith Nevathdess some dffaences can be nated. For dl the
paiods dter 1961, the edimetes now bang proposad ae lowe then the dffidd esimetes Thisis
paticdaly 0 for the decades 1961-61 and 1961 -71, whae the dfidd edimetes of
eqeddion o life & hirth are higher by about 2 to 4 years The dillity of the new edimates of
life expedandes to coredly desaibe the inteoasd pettars of popuation gownth will be
chedked later inthispgpar throughasmulaion tes.

Edimatesof Fertility Leve

| propoe to uee a unifom methoddogy to edinete fatility levds for dl the decades
from 1941 to 1991 Although for the lagt two decades edimdes from the SRS goper to
provide aedble dterdives it will be down tha the sdem dgificatly underedinmetes
fetility leds even if, sSomentet paradoxically, edimetes of age-goeafic martdity it genarates can
betruged.

| ddl ue the caas cita on dhild-women raics to edimete the fatility levd. Among the
avdldde mdhods to edinete fatility from the age-drudure of the populaion, methods thet
meke ue o dhld-women raics ae lesd dfeted by assumptions on martdity levd. As thereis
conddadde unoatanty on levds of madity prevaled in the ped, it woud meke snse to
useamethod lesd afected by it.

The lae Prdfessor Rde (1967,1987) hed proposad a method of eimeting fetility from the
dild-women rdics His method hes an advantege over athas in thet it can be usad to build a
time sies of fatility etimaes uang dda from cenausss teken 10 years goat. Rde howeve,
hed ignored posshle vaiaions in the ege patten of martdity and in the meen age & matamity
thet coud influence ay fatility edimete daived from the dhild-women raics He hed dso
igoed the possble vaidion in sx dffeatids in motdity. Futhe, the mutidies he
hed devd oped are darived from alimited st of sable populaions(36).

On thexe conddadions we have devdoped a nev st of mutipliers thet are goedfic to
modd life teble pettems and expiidtly aooourt for the meen age @ matamity. ° In edineting gross
rgrodudion rate we sugges using farde dhilden anly in the numaaar o the child-women
raics Futhe, rathe then usng an edimete of life expedtancy a hirth, the use of an edinde of
the uda-5 maddity is recommaded to minmize the impedt of the asumed modd e
petten of mortdity. When diredt inffometion on the meen age o the fatility schedule (m)
is lacking we suppest edimding it from the Snglae meen age & mamage o fardes ad the
edimeted levd of GRR For this pupose we meke ue o the fdlomng enpricaly daived
equetion
7 = 0.9SMAM + GRR(4°7'3SMM

Thiseguetionisusd itaaivey with themultipliesto edimetebath GRRandm

+45

0 Thepaper isunder preparationfor publication.



TABLE 5: ESTIMATING TOTAL, FERTILITY RATE FROM FEMALE CHILD-WOMAN RATIO ALL INDIA- 1941 TO 1991

Decade Female Female Assumed level of under-5 Preliminary TFR estimates Sroothed estimetes
child-woman singulate mortality (Scenario ) Scenario | Scenario I
ratio* mean age at

marriage - - - — TFR m TFR m
Scenario |l  Scenario Il Westmodel  South model Weighted sies

1941-46 0.291 a 0.405 0.355 6.28 6.70 6.53 577 25 506 287

1946-51 0.281 a 0.395 0.345 540 543 542 6-19 295 563 288

1951-56 0.347 154 0.360 0.320 709 753 740 6-53 296 6.13 288

1956-61 0.328 158 0.330 0.300 589 593 592 6-72 297 6.44 21

1961-66 0.366 163 0.300 0.280 730 771 7.63 672 299 6.49 294

1966-71 0.324 169 0.280 0.260 567 571 570 6-36 295 6.22 2.3

1971-76 0.337 17.5 0.250 0.250 6.16 641 641 572 288 569 288

1976-81 0.269 18.0 0.205 0.205 432 436 436 5.05 21 5.05 281

1981-86 0.306 184 0.170 0.170 497 509 507 4-60 217 4.60 217

1986-91 0.252 188 0.150 0.150 383 391 390 452 280 452 280

*  Child-woman ratios shown agianst the first half of a census decade is the ratio based on 5-9 year old children and that againgt the second half isthe ratio based on 0-4 year
children.

a No SMAM valueis used; estimates of m (raw) for the period 1951-61 have been repeated.
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Tdde 5 dons the input vdues usd in edimding fetility from the childwomen ratios
recorded in the 1951 oanaus orwads The two input vdues of unda-5 mortdity correspond to
the two scenarios discussed in the previous section. The preliminary estimates of GRR are
derived using both West and South model multipliers. In Table 5, | have shown the
prdiminay esimates of toid fatility rale computed usng a sx raio a hirth of 106. As can be
seen from the table, the estimates of TFR derived from using the ratios of G4 year
childen to adut women aged 1549 (edimde for the later hdf of the interoensd paiod) ae nat
dgificantly dffeet uder the two modd mutipies Howeve, the etimaes of TR
compued wsng the ratics of 59 year dilden with South modd mutipies ae dgnificanty
higher then thoee thet usad the Wet modd mutipliers 'I'I'isdaiﬁlsmfvstheneedtota(e
aooount of possble variaionsin the age pattemn of martdlity in Rdesmethod.

Ou elimdes of dhild mordity in the two mortdity sotenaios do not exadly fit ether the
South o the West modd pdtens But thar exad devidions from the modd pdtems ae
known for each time paiod (se Tadle), which may be used to compute a s of wdghts that
can be used for the TFR estimates corresponding to the West and South modd tables to
daiveamare gopropriste seriesfor India

Bu the weighted saies too is nat without erars In patica, the esimate of THR levd for
the firg hdf of an intercensd paiod ae dways higher then the esimate for the seoond half
of the same intercensal period or that of the preceding one. Such a pattern in the
preliminary estimates of TFR is amost certainly due to age misreporting and under
aumgdion. | thadore augoes anoathing the TAR edimates by wsing the fdlowing moving
avaragefomula

TFR=05TFR 5+05TFR+ 05TFR + 5

In the moving average formula, the TFR for any given 5year period gets twice the
wdgt of the edimdes for the two ndghbouing time intavds to compensde for the additive
impact of hissses in the edimaes of the adjeoant time paiods (s Hgure 6). "The edimetes for
the begming paiod o the smies (14145 ad for the leg peiod (198690) coud be
daaned by asuming the 10year rate of dhenge implied in the prdiminery THRs the smoathed
THR for 1941-45 is computed by mutipying the smoothed THR of 19651-55 by the ratio of
prdiminary TFHR of 1941 -45 to thet of 1951 -55; and smoathed THR for 198690 is computed by
mutipying the smoahed TFR o 197680 by the rdio of prdimnay THRs o the two
periods

The anoathad edimaes of TFR 9 daived under the two martdity soanaios ae hown in
Tade 5. Fgure 5 dhows a plat of the esimated trends in THR. The esimated TFR for the paiad
1M1 -45 is 58 under Soaraio | which usss the extrgpdlated estiméates of child mordity from the
SRS, and 5.1 under Scenario Il which uses child mortality estimates that were deived by
aauming a Wet modd peten. The differace in the TFR esimates diminish with time and
the two series converge in 1971-81. The most intriguing aspect of the TFR edimaesis
howveve, the sugoested rise in fatility bawean 1941 and 1965, As pa the fird soaaio, the
riseishy about onechildin THR, and by about 1.4 under the ssoond soaratio.

" Theusedf theorigind multipliersof Rdegivesesimatesof TFR doser totheWest model esimatesshownhere
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The maximum levd o fatility wes atained duing 1956-65 when the TFR was bawean 6.4 to
6.7 births per woman. Thexearethe highest ever edimates of fatility medefor India

Bu why dd fetility levds increess? The mogt prabeble resson is the dedines in martdity
itsdf. Dyson add Muphy (1985 have documented the riee in fatility in many Third World
coutries fdlowving mdaia gedcdion canpags The Heded adyss of dvil regdraion
Ha have do dgdosd a dmilar rise in fatility in ssved pats o Inda (eg. Dyson, 1989;
Dasgupta, 1995). But it is the magnitude of the suggested rise that intrigues. The second
Laaio thet assumes dower dedines in child mortdity suggests lager rise in fatility. Ore is
therfore indined to trugt the fird soenaio which suggests larger inareese in child mordity and
rdaivdy modaaerieinfatility.

The new edimaes of THR have sgnificat revisons to offer for the esimated trends in
fetility of more recat times Bdow | dow a compaison of the edimdes of THR daived
from cenaus child women raics with those from the SRSfor the period 1971 to 1991

Period Nawv SRS estimates Ratios

estimates

Raw Smoothed (2)/(1 (3)/(1

(1) (2 (3)
1971-75 572 5.00 - 0.87
1976-80 505 451 462 0.89 091
1981-85 460 447 4.36 097 095
1986-90 452 398 408 0.88 090

As the new edimates are amoothed, it is mare gopropridte to compare the SRS edimaes
thet ae dmilaly anoothed As can be ssen from the SRS figres® the smoathing doemt
sbdantidly chenge the undalying trexd. The compaiison dhows thet birth incompleeness in
the SRS wes of the ader of 10 paoat in the 1970s thee pahgs was oy a magnd
improvemat in the covarage bawen 1971-75 ad 1976-80. There, however, wes SUbdantid
improvemat in the fird hdf of the 1980s when the undaregidraion fdl to about 5 percat. But
in thelate 1980sincompleeness had shat beck to 10 peroat.

Smulation Tes

The analyses of the foregoing sections have suggested that (i) for the most part, age-
gadfic mortdity rates from the SRS do nat require dgnificat coredion, and (i) fetility
rates of the SRS have a downward bias of about 10 percent. Taken together these facts
would suggest that the growth rates of the population recorded in the SRS are erroneous.
But how is it that the source recorded gopraximatdy the same growth rate of the populdion es
the 1981 and 1991 oanausss? To resdlve this paradox, it is necessary to chedk the growth
implictions of the edimdes of fatility and mordity levds sat fath in this pepe. Therdfore a
projetion exerdse was caried out udng the two mortdity vaiats and thar coregponding
ferility rates

The age-sx drudure of the populaion in 1941 wes fird condructed usng the vaigdle-r-
rdaions Thisreguired lifetablesfor maes and femdes rqpresanting mortdity levds of the
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paiod. As par our edimdes in the case of bath mdes and famdes life expedancy a hbirth in
1941 was ebout 31 years under the firgd soenario and 335 years under the seoond soanario. While
the age patten of mortdity in the 1940s was dmilar to the Wet modd petten under the
ssoond soenaio, under the fird, a pettem in between the West and the South modd life tables
was applicable. Accordingly, for the first scenario, life tables were constructed by teking
mortdity rates for ages above 5 years from Wet modd life tables with €5 vdues of 455 far
mdes and 458 for famdes (the average edimates for 1931-51) but unde-5 mortdity rates were
assumed to be 390 for males and 400 for females. Under the second scenario, mdead
famde life tdbles with life expedancy a birth of 335 years were dredly cdhosn from the
West modd family. In both the cases, the age-specific growth rates employed werethose
recorded for 1931-51

The two edimaed age-sx ddribuions for 1941 wee prgeded fowad to 1991 wsing
thar repadive mortdity and fetility raes The time intevd usd in the prgedtion wes five
years which required interpolating the decadal estimates of life expectancies. The age-
specific mortality rates corresponding to these life expectancies were compute on the
asumpion thet the age peten of mortdity progressvdy dhifted from 1941 to thet hi the
RS life tadle of 1971 -75. For the subseguent peariods life tables condrudted from the adjugted SRS
rdes wae employed. The age-gpedfic fatility raes ussd in the dmuaion wee those
corepondng to the edimates of THR ad m daived from the child-women raios The age
pattern of fertility in 1941 was approximated by the average SRS rates for rura areas of;
Uttr Pradesh, Madhya Padesh ad Rgaghen in 1971-72 For oha prgedtion inavas
ape-gadfic fatility raes wae computed by intapdaing for the required vdues o m ad
ajudingthemtoamtothe TFR esimae

Table 6 shows the projected values of the rate of natural increase and sex ratio of the
popudion for evay 10year intavd from 1941 For vdiddion, the smulaion rests ae to be
compared with the unadjusted canass figures Up to 1961, ad snce 1971, with the esimates
adugad for underenumaation. The gowth rates of population and e raio trends implied by
the wo projection runs are very smilar, and as such the results are not hepful in
discriminating the two variants. For males, the projected growth rates for every decade
come very close to the recorded or the adjusted census figures, as the case may be. A
dighly higher gowth rae found for 1961 -61 was not unexpected as the vaidde-r edimate for
this decade waas sUbdtituted by acarrected widowhood edimetor of g,

The prgected growth raes of femde populdion are dose to the adjusted cansus ediméaes for
1971-81 ad 1981-91. Howeve for other decades the proedted figures are somewha lower
then the canaus edimates Patly for this reason, the smulaions show sharper redudions in the sex
raio of popudion (famdes par 1000 ndey then tha desribed by the aduded census
figures. Thisindicates that the levels of female life expectancies in the past may haveben
dightly highe than what my edimaes sugget. Pahgps the rde of thumb employed in the
vaidhe-r procadure did nat pafom s stidactarily in the case of famdes |, therdore ugget
jacking up dightly the edimates of femdelife expectancy a hirth, (ssep. 50):

In effect, the expectation of life at birth was assumed to be the same for males and
ferdes in 1941-51:hut it was assumed to be highe far mdes by hdf ayear in 1951-61 ad by
ore yea in 1961-71 The edimaes for 1971-81 and 1981-91 were let undterad as they were
able to reproduce the adjusted census growth rates.
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TABLE 6. ESTIMATES OF GROWTH RATE OF POPULATION, SEX RATIO, CRUDE BIRTH RATE AND CRUDE
DEATH RATE IMPLIED BY THE PROJECTION OF 1941 POPULATION BY AGE AND SEX UNDER TWO
ALTERNATE SCENARIOS OF MORTALITY AND FERTILITY LEVELS, ALL INDIA

(ALL FIGURE ARE PER 1000)

Population parameters Decade

1941-51 1951-61 1961-71 1971-81 1981-91
Receded/adjusted values*
Growth rate:
Male 125 199 22.5(22.8) 22.1 (21.8) 21.7(22.0)
Female 126 193 21.4(22.1) 22.5(21.7) 20.9 (22.7)
Sex ratio (F/M) 946 941 930(934) 934 927 (942)
Estimates from Scenario |
Growth rate:
Male 124 203 26 218 22
Female n7 191 217 217 27
Sex ratio (F/M) 938 928 920 918 923
Estimates from Scenario 11
Growth rate :
Mae 118 206 24 21.9 23
Female 113 194 216 21.8 28
Sex ratio (F/M) 941 930 922 921 925

With Adjusted Estimates of Female e; and Sex Ratio at Birth of 105

Estimates from Scenario |

Growth rate:

Male 123 23 28 22 25
Female 123 198 21 219 29
Sex ratio (F/M) 945 940 934 931 935
Crude birth rate 439 475 443 381 347
Crude death rate 316 274 219 16.1 120
Estimates from Scenario |1

Growth rate:

Male 17 207 26 22 26
Female 17 203 20 219 230
Sex ratio (F/M) 945 942 937 934 937
Crude birth rate 401 460 431 382 349
Crude death rate 285 255 208 161 121

Note: Figures of sex ratio of population refer to the end of the decade.
* Recorded values adjusted for assumed levels of enumeration completeness are shown in parantheses.
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Decade Maefardedfiaeceing
Adtedfarde & (same for two scenarios)
Saaio Sawio  Bdae At
| I adjustment adjustment

1941-51 315 338 0.5 0.0
1951-61 3638 385 1.4 0.5
1961-71 25 435 1.6 1.0
1971-81 493 493 0.7 0.7
1981-91 562 56.2 -0.6 -0.6

When the prgettions weare reun wsing the adjuded famde life expedtandes the implied
gomh rates of fande popuaion sored up to mach the comegponding cenaus edimates for
1941-51 and 1961-71. For 1951-61, the projected growth rates were now somewhat higher
then the cenass figures as in the cae of mdes This is condgat with the bdief thet there
wae ome unscoounted anigration from the country during this decede Without  this the
implied gainsin life expectancy between 1941-51 and 1951-61 would be too small to trigoer
thesugoeted risein fetility.

However, the proposed corrections to the estimates of female life expectancies were
foud to meke oly a magnd dfferece to the prgeted trends in the s ratio of populdion.
The ramaning pat of the dsorgpancy beween the proeded and adud trends wes treoed 10
the asaumed levd of s raio & birth of 106 mdes for 100 femdes as it hed a cumudive
dfet on the cdadated sex raio of populdion of recat years The beds far udng this sex
raio wes a lage de dudy of hogoitd births duing 194958 (Ramechandran and Deshpande
1964). In retrogpet, we find thet this esimate may have hed a dight uoward hias as the use of
a more covationd vdue o 106 mdes for evay 100 farde births brings the proected
frends in the populdion s ratios vay dose to those seen in the canaus figures (see Tabdle 6).
Some dsrgpendes do raman in the edimaed raios far the years 1981 and 1991, which could
be suggeting a dight upward biss in the SRSheasad edimates of mdle life expedtandes for 1971 -
8l ad 1981-91. As thee dffarences ae quite sdl, and thar source less dovious no further
corrections are proposed for the life expectancy estimates.

Table 6 d dows the decadd etimdes of aude hirth and desth rates implied by the
dmudion exadse tha employed the adused edimdes of farde life expedtandes and a sex
raio & hirth of 105. The shap riee hi fatility indicated by the esimates of TFRs for the 1940s
and 1950s is retained in the estimates of crude birth rate. According to the first scenario,
the rise in fertility accounted for nearly haf of the rise in the growth rate of populaion
bawen 1941-51 ad 1961-61; under the ssoond soenaio, the growth acoderdion dtributed to
the birth rate increese is as much as twothirds Thus the edimaes of the fird soanaio seem
more redidic, but they imply thet the levd of aude hirth rae in Inda in 1951-61 was 475 per
1000, in compaison to the dffidd edimae of 417 ad ohg indgoendat etimates in the
neighibourhood of 45 per 1000 (eg, Visaia1969; Rde 1987).

Although the edimeted fdl in tod fatlity wes negighle bewean 1961-61 ad 1961-71,
prgedion resuts under bath the stenarios show a dedine in the aude hirth rate of the order of
3 points per 1000. This is attributable to the rejuvenation of population's age structure from
et dedinesin mortdity and risein fetility levds Thiscould be confirmed from the



TABLE7. COMPARISON OF OFFICIAL ESTIMATES OF SOME KEY DEMOGRAPHIC INDICATORS
WITH THE INTEGRATED
SERIES BEING PROPOSED NOW, ALL-INDIA, 1941 TO 1991

Demographic indicator Series*  1941-51 1951-61 7967-77 7977-57 7957-97

Fertility Measures

TFR o 536.0 6366 6.4-6.6 (4.8) 54 (4.2) 46
|

CBR @) 39.940-44 417 4648 41243-44 37238 (32.5) b
I

Mortality Measures

Male & 0 32431534 41937-39 464435445  (51.5) 50 (56.5) 555
I

Female e o) 31731534 40.6 37-38.5 447425435  (50.5) 49 (56.9) 56
I

CDR 0 27.428-32 22.8 2628 1921-22 1516 (11412
|

Unda-5mortality (qF) o) 309 340-400 224 300-335 192260-275  (201) 215  (147) 1~4
I

IMR 185 230-240 146180-210 129150-170  (129) 135  (98) %

- O

Note: Figuresin parentheses are from
the SRS, which are treated as quasi-
official. * O - Official series; |-
Integrated series now proposed.



52 P.N. Mari Bhat

census figures (as well as from projection results) which show arise in the proportion of
popuaion under age 15 from 38 paoat in 1951 to 41 paoat in 1961 ad 42 paoat in
1971 Theae d0 wes me i in the meen & maemity duing this period which coud have
contributed to thefdl in the aude birth rate

The compaison of the aude birth rate esimates from the prgedtions with those of the
RS dons a 9 peaoat unde regidraion in 1971 -81 and 7 peacant undareparting o births in
198191 hy the SRS This is condgat with the levd of incompleeness arived a from
compaing TR edimaes What however is mare dgnificat is the implied levd of degth
ude regdrdion. The aude degth rae of femde popudion from the prgedion exadse is
higher then the comegponding SRS edimae by 9 paoat in 1971-81 ad by 5 paoat in
1981 -9L This hes the inplicaion tha even though the age-gpadfic mortdity risks are coredtly
edimaed by the SRS the sydem underesimeates totd desths as wel s hirths in the population.
What coud explan this anomely? Parhgps the hirths thet go unreported are those thet ooor to
wd resdats ousde the sample units I the reporting of these births were nat contingant upon
the suvivd of the child, esimetes of infat mortdity and ather indices from the sysem would
dill berdigdle

Condusgons

For recgoitulaion, in Tade 71 bring togethe the inteyaed s8¢t of edimaes of fatility
and mortdity proposed @ sevaed sadions of this pgper and compare them with the officd
etimaes Among the two vaiants of the integraed &, a dight preference may be given to the
combination that implies higher levels fertility and mortadity in the past. As it is sdf
evidat in the tdde it is not necessty to dwdl a length on differences beween the offidd
and present estimates. Instead attention may be focused on some salient features of the
edimatesthet are proposed here

It gppears that fatility rates rose subgantidly duing the 1960s as mortdity levds began to
fdl. According to my etimates totd fetility rose @ leet by one birth par women, ad the
readting inceese in the aude hirth rate accounted for about hdf of the riee in the gowth
rde of popudion bewen 1941-51 ad 1961-6L It is posibe the some regans in Inda
expaiencad this rise in the levd of naturd fatility mare then athars dd, and becare laggards in
the process of fetlity transtion In exdaning the regod dffereoss in fatility in India
gede atation ought to begivento levdstha prevailed before the onsat of fetility dedine

Another important implication of the present andlysis is that births and deaths in the
sample registration system are incomplete by about 510 percent. The improvement in
completeness it achieved in the ealy 1980s has now been revarsad. As such, aocodedion
omsaved in fetility dedine in the lae 1980s may have ben lagdy souious However the
etimaes of age-goadfic martdity risks from the sygem may ill be flavess as hirth reporting is
probebly nat contingart on child survival.

The levd of undaeumadion in the 1991 caas gopeas to have been higher then in
1981, paticdaly anong dda women The unedjusted caals taids of 1981 ad 1991 imply a
sudantid increese in the mortdity risks of dlder women. This is contradicted by the SRS data
which shows ridng levds o life expedtandes among them. If the SRS mortdity trads were
teken to be coredt, famde populaion of the 1991 cenaus would have to be raised by about two
percant for excessve underenumaation. Asaresult, thesex ratio of populaion \tv
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1991 woud have been aound 940 femdes par 1000 mdes indeed of the recorded figure of
927in191 and 934in 1981

Although the indred edimeles of dild motdity ad widonvhood edimetors of  eolt
mortality have found to contain significant downward biases, they appear to give correct
indications of the changes in mortaity level. Therefore the data needed for the indirect
edimation of mortdity shoud continued to be cdlleded as they woud contribute for a better
underdanding of mortdity differentidsand trends a netiond and subnetiond levels

These observations on the demographic trends in India over a haf century are by no
means lag words on the subject. To the extat that | have ben dde to reduce the range of
unoatanty in the pest levds o fatility and modity, it is pimaily due to the avalaality of
ovalgoping sources of informaion for the more recat times Until eamest efoarts ae mede to
improve the compleleness of avil regdraion sydem, it becomes impadive to mantan the
oodly invesmentson multiple sources of damogrgphic dea

References

Bhat, Mari P. N., 1987, Mortality in India: Levels, Trends and Patterns. Unpublished PhD. dssartation Ann

Arbour, Michigan: Universty Miadfilms ——— . 1996 Agemisreporting and itsimpect on adult
mortdity esimetesin South Asa Demogaphy

India 24(1): 59-80.Bhat, M and S. SHAlli, (in press) Wherehavethe grooms gone? Demograohic
perspectiveson dowry marriages

inlndia PoodationSudes Bhat, M, S. Prestonand T. Dyson, 1984, Vitd Ratesinlindia, 1961-81. Report
No. 4 Committeeon Population

and Demography. Weshington D. C.: National Academy Press Coeig, A. J, 1934, Lifetablecondrudtionon
thebad sof twoenumerationsaf adasad populaion. Popuaion

Index, SO 193-213 Dasgupta, M., 1995, Fertility dedinein Punjab, India Paralld swith hidorical Europe
Popuiaion Sudes493):

481-500,

Davis K.., 1951, ThePopulationdf Indaand Pakigan Princeton, N. J: Prinogton University Press Dyson T,
1989, The historical demography of Berar, \88\-\980. In: T. Dyson (ed.), India's Hitorical

Denogyaphy. SudesinFarring Disesseand Sxdely. L ondon: Curzon Press Dyson T. and M. Murphy,
1985, Theonsat of fertility trandtion. Popuationand Dedopmat Radew; 11(3):

3V440.India, Registrar General, 1953, Appendicesto the Census Report, 1951 Volume 1, Part I-B.Ddhi;
Manger of

Publications Mukherjeg, S. B., 1976, The Age Didribution of the Indian Population A Recongtruction for
the Satesand

Teritories Hondlulu, Hawali, Eas-\West centre. Preston, S. H. and N. G. Bennett, 1983, A census-based
method for estimating adult mortality. Population

Sudes 37:91-104. Ramachandran, K..V. and V.A. Deshpande, 1964, The sex ratio at birthin Indiaby
regions. The Micbank

Memorid Fund Quertaty, 42(2) 8496. Rde I R, 1967, Fatility Aralyss Thrauch Exarsond Sekle
Popuiaion Conogats Popul ation Monogrgph

SaiesNo. 2, Ingtituteof Internationd Sudies Barkdey: University of Cdifomia Rde J R, 1987, Fatility
levdsand trendsin India, 1951 -81. Popuaionad Dedaoat Radew, 133): 513

530, United Nations 1983, Indrect Tedriquiesfor DarogrgphicEdiration Manua X. Populaion Sudies
No.8L

New Yok, UnitedNations Visaria, P., 1969, Mortaity and fertility in India, 1951-1961. The Milbank
Memorial Fund Quarterly, 47(1):

91-116.Visarig, P., 1971, The provisional population totals of the 1971 census. Some questions and
research issues.

BEoonaricand Pdiitical weekdy, 6(29): 145966,



TABLE 1. WEIGHTING FACTORS FOR ESTIMATING THE AGE-SPECIFIC PERSON-YEARS LIVED DURING
A TEN-YEAR INTERCENSAL PERIOD

Intercensal age Cohort 'sagein first census Cohort's age in second census
interval

Xto x+5 x-10 to x-5 X-5to X Xtox+S Xto x+5 x+5 to x+10 x+10 to x+15
0-4 05@ 11@ 1.6 1.6 3.9 3.3

5-9 0.05* 1.1 2.1875 2.1875 3.9 0.3125
10-14 0.01 2.5 2.1875 2.1875 2.5 0.3125

15-19 0.3125 25 2.1875 2.1875 25 0.3125
20-24 " " " " "

w to w-5 Y " 0.3125 #

w-5 + " -2.1875 k 2.1875 -0.3125 # 10-k

Note: If the census interval exceeds (or is less than) ten years by a small margin, age-specific growth rates may be used to adjust the censustotas
by age.
w The age at which the second census data is truncated.
k Thisisthe weight to be applied to the cohort aged w-10 and over in the thefirst census; its value depends on the vaue of w; whenw is 80, k
is4.35; for
other values, see Bhat (1987). @
Weight for births during 0-4 yearsbefore
the survey.
* Weight for births during 5-9 years before the survey.
# Weight for estimated survivors of the cohort aged w-10 to w-5 inthefirst census derived by applying the survival rete of the cohort aged 5
years younger.



TABLE 2: ESTIMATES OF EXPECTATION OF LIFE AT VARIOUS AGES DERIVED FROM VARIABLE-r METHODOLOGY WITH COHORT

INTERPOLATION, INDIA, 1931-41 TO 1971 TO 1981

Age Mean CBR
Decade 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 S led *
Males with unadjusted census counts

1931-41 31.2 420 39V3 391 386 A4 29.4 25.6 22.6 19.6 17.0 440 46, 46
1941-51 32.3 45.0 423 410 393 A4 29.0 25.0 21.8 18.7 15.8 6.7 43, 46
1951-61 37.8 479 441 423 403 3B7 30.5 26.4 231 199 17.1 - - - - 484 47, 48
1961-71 449 526 483 469 453 411 36.1 31.9 279 240 205 176 148 121 101 534 46, 44
1971-81 50.6 583 530 507 48.7 45 39.2 34.0 29.2 249 213 183 153 124 10.1 581 40, 37
1981-91 55.3 609 547 520 50.1 464 41.0 35.2 299 2565 219 190 160 131 108 598 36, 35
Males with adjusted census counts

1961-71 45.3 530 87 472 456 413 36.3 32.0 28.0 241 206 17.7 148 122 101 538 46, 44
1971-81 50.0 578 526 503 483 44.2 39.0 33.8 29.1 248 212 182 152 124 10.1 576 40, 37
1981-91 55.5 612 50 523 503 465 41.1 35.3 30.0 255 219 190 160 131 108 601 36, 35

Females with unadjusted ocams counts

1931-41 30.7 418 405 402 379 327 28.3 25.6 231 206 18.1 - - - - 449 46, 46
1941-51 325 448 427 409 376 321 27.5 24.6 221 196 170 - - - - 465 43, 46
1951-61 36.7 463 436 418 3B6 334 29.0 25.9 23.3 207 181 - - - - 475 47, 48
1961-71 42.8 50.5 475 465 437 B4 33.9 30.5 274 241 211 182 151 122 101 523 46, 44
1971-81 50.6 588 546 526 495 440 38.8 345 306 269 236 202 16,5 131 105 596 40, 37
1981-91 52.8 589 54.1 519 488 434 38.0 334 294 268 227 196 16.1 129 105 589 36, 35
Females with adjusted census counts

1961-71 44.0 516 485 474 444 390 34.3 30.9 27.7 244 213 184 152 123 10.2 533 46, 44
1971-81 49.3 574 534 515 485 433 38.2 34.1 30.3 267 233 200 16.3 13.0 105 58.3 40, 37
1981-91 56.2 62.1 568 543 507 449 39.2 34.4 30.3 266 233 201 165 131 107 617 36, 35

* Figures shown are the assumed birth rate levels for the first and the second parts of the intercensal period.



TABLE 3: ESTIMATES OF MORTALITY LEVELS OF MEN DERIVED FROM PROPORTION OF WIDOWS AMONG
EVER-MARRIED WOMEN, ALL-INDIA, 1951 TO 1991

Cass  Estimated parameter 20- 25-29 x = 30 Wormen'sAgelnierval 45-49x= 50 50-54 x= 55 55-59 X = 60
year 24 x= 25 30-34 35-39 40-44x = 35
X =40 X =45

KB 0.993 0.990 0.981 0.967 0.932 0.904 0.806 0.805
1991 West gj 66.1 Ref. year 67.91987.4 6701985.1  66.11983.0 64019812 64.21979.7 60819782 64.71977.7

1989.6

Ulzo 0.993 0.989 0.976 0.955 0.903 0.861 0.732 0.728
981 West e 66.5 Ref. year 67519770 65819748 64319727 61319708 60919692 56.61967.4 60.61966.9

1979.3

il 0B 0.988 0.970 0.943 0.872 0.816 0.667 0.633
1971 West e 66.5 Ref. year 67.119666 64.41964.3 62719622 58619603 57919586 53019565 55.71955.7

1968.9

*/lto @982 0.982 0.951 0.906 0.814 0.741 0.586 0.552
1%1 West e 65.4 Ref. year 65019559 61.11953.6 58519515 5411049.4  5311947.6 48719452 5151944.2

1958.2

il 0975 0.962 0.909 0.879 0770 0729 0.570 0.563
16T \west g 56.3 Ref. year 5951945.7 54919433 55719411 50919389 52319373 47919348 5201934.1

1947.9

Required interpolation of marital status data classified by 10 year age-intervals, 15-24, 25-34, 35-44, etc.



TABLE 4: ADJUSTED ESTIMATES OF SOME INDICATORS OF INFANT AND CHILD MORTALITY FROM THE SAMPLE

REGISTRATION SYSTEM, ALL-INDIA, 1971-1994

Sull Early Perinatal Neonatal Infant 0-4 year Under-5
Year birth neonatal mortality mortality mortality death rate mortality

ratio mortality rate rate rate q
1971 17.5 50.0 67.5 89.3 144 55.8 0.228
1972 17.8 50.0 67.8 88.7 157 62.2 0.249
1973 17.5 50.0 67.5 85.0 151 57.0 0.232
1574 17.4 50.0 67.4 853 141 54.2 0.222
1975 17.6 50.0 67.6 90.7 1353 58.5 0.237
1976 17.5 49.3 66.8 77.0 129 51.0 0212
1977 17.2 46.5 63.7 78.5 128 50.4 0,210
1978 16.8 45.4 62.2 75.6 125 47.8 0.201
1979 16.5 42.5 3%9.0 67.8 116 44,7 0.190
1980 16.2 39.5 55.7 64.4 109 40.5 0.174
1981 15.8 38.8 54.6 64.7 105 39.9 0.172
1982 15.5 37.7 53.2 60.1 98 37.4 0.163
1983 15.2 38.4 536 61.3 99 36.1 0.158
1984 14.8 39.0 33.8 61.4 100 40.1 0.173
1985 14.5 33.6 48.1 56.0 93 37.4 0.163
1986 14.2 33.9 48.1 55.8 92 35.6 0.156
1987 13.8 36.3 50.1 56.8 94 35.0 0.153
1988 13.5 36.1 49.6 56.8 95 333 0.147
1989 12.7 34.5 47.2 56.4 21 29.9 0.133
1590 11.8 36.6 48.4 52.5 80 26.3 0.119
1591 10.7 35.3 46.0 51.1 80 26.5 0.120
1992 1t.6 359 47.5 50.0 79 26.5 0.120
1993 10.5 33.7 44.2 47.1 73 23.7 0.108
1994 8.9 33.6 42.5 41.7 74 23.9 0.109 -
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