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is organised into six chapters.

Chapter I deals with the preliminary concepts
of life tables, its role in demographic analysis, a brief
chronological review of various literatures on the constru-
ction of life table starting from John Graunt's investi-
gation on mortality, aslong with an introduction to the basic

problem and objectives of the present study.

Chapter I1 describes the concept and utility of
cumulative census survival ratios, first introduced by
Professors Ansley J. Coale and Paul Demeny (1967) as the
ratio of the number of persons aged x+10 end gbove enumerated
at time t+10 to the number of persons agced X and above
enumerated at time t. These are compared to the usual census
survival ratios with particular referance to the presence of
heavy response blaseg in age-reporting in the censuses of

developing countrics,

Chapter III is devoted to the development of -
(i) various formulas for estimating 10-year cumulative life
table survival ratics from 10-year cumulative census survival
ratios under wvarious assumptions regarding the age-struc ture
of the population under study; (ii) an iterative procedure for
life table construction from 1lO—year cumulative life table
survival ratios abovg a certain childhood age; and (iii) a

procedure for estimeting infant and childhcod mortality rates,
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Chapter IV provides an empirical vclidation of the
iterative procedurce for life table construction and a dis-
cussion on the importesnce of the procedure. A mathematical
treatment on convergence of the itoration process is shown

in the appendix.

Chapter V illustrates an application of the technique
developed in Chapter III with reference to Iadian census age-
returns and presents the gll-India life tables for the decades
1951-61 and 1961-71 after describing the steps taken %o control

the errors due to age-misreporting.

Chapter VI contains the summary of the findings
from this research investigation together with a brief dis-

cussions on the dircctions for future lines of research,
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CHArTER I

INIRODUCTIQi AD OBJECTIVES

1.1. Some Preliminary Concepts and Definition
of Lifc Table

A life table liteorally means susmnarisation of the life
history of a zgroup of porsons horn together in a systematic
tabular forn as it dininishes by deaths. Before going to
nore precisc definition of a life table and its variocus methods
of construction, one should have some prelininary ideas behind

the creation of such a tabl: in the study of wortality. These

ar¢ discussed in the following paragraphs.

The urge for survival is a very comnon and natural

nstinct among all living bheings. Since time immemorial, nan is

<zcnly interested to know the maximum possible length of human
-if¢ span. This intercst in longevity which has never been fTrimnmzd

-
-

227 in the history of nankind is shown by the frequent refercnces
-z the daily news to the span of life, and to ths tremendous rains

w:h have been nmade in the average duration of life, particularly

~ing the last century due to the spectacular improvement in
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public heilth measures and medical sciences., It i3 needless to say
that the sure knowledge that after all 'Man is mortal' in no way
diminishes the world-—wide search for methods of increasing the
length of human life as much as possible. Thus, we find that the
study of mortality has its own historical importance in the deve-
lopment of mankind, This was perhaps the first subject in the study
of human populations brought under systematic and rigorous scientific

research and the results have found commercial application in the

field of insurance,

No doubt "human life is a very personal affsir" (Dublin
et __8l.,1949, p.3). A demographer is not interested in the life
pattern of any particular person; rather his/her interest lies in ther
behaviour of a group or groups of persons who follow on an average
a set pattern of mortality from the beginning to the end of 1life.
This set vpattern starts with infancy, passes through fairly definite
stages, namely, childhood, adolescence, maturity and old age. Ideally,
death should take place more or less at the end of this set pattern
wnen 'the biological energy vested in each individual has been spent
and the continuing function of the body's vital organs has reduced
them to a state of general deterioration.’ Under this natural pattern
o mortality, 'deaths would tend to accumulate in the terminal period,
probably at the ages between 70 and 90 years .....'(United Nations,1955),
Sut conditions are rarely ideal and due to accidents or acute illness
=any lives are nipped in the bud and some are cut short considerably

czfore completing the ideal 8pan of life. In this context, the
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following observations made by Dorn are worth noting:

"Bach individual begins his scparate existence with the
fertilisation of the ovum by the sperm cell, Inmediately -
thereafter, lethal factors begin to operate, By the time
embryo has developed to the stage when it can exist out-
side the body of its mothér, perhaps as many as one out
of every five embryos has died. These are foetal deaths.

Of those who survive births, some died almost at once,

50 ill-prepared are they for a separate indepcndent existe
ence, The duration of life of the remainder varies greatly.
Only a few will live to greet the first century after their
births." (Dorn, 1959, p.440).

From the foregoing discussions, one may casily conclude
that the incidence of death will vary from one age segment of a
population to the other., This basic fact of mortality variation
from one age segment to the other has to be incorporated in the
construction of life table. Population of a community increases in
number by births and immigration and decreases by deaths and emigration.
In the abscnce of migration, the age structure of a population will
be determined by the fertility as well as mortality schedules pre=
vailing during the period under study {Coale, 1972, pp. 3~15). Any
change in the mortality level will have an impact on the whole age
span because death can occur at any stage of life; whercas any change
in the fertility level during a particular period will have impact
only on scome very early age sector, Coale found that 'the decline
in mortality, though it had nearly half as great an effect on
growth ag fertility, had a much smaller effect on the age distri-
bution' (Coale, 1956, pp.79-114). The above discussions lead to

the conclusion that mortality, as one of the major components of
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population changs, has an important role not only in determining
the growth of population but also in influcncing its composition
by age, sex, race, nativity, etc. Thus, the main interest of a-»
demographer in the fiecld of mortality lieas in its effect upon the

sigze, composition and future growth of population.

Keeping in mind the general pattern of mortality experi-
ences of human lives at various age scctors of the wheole life
span as discussed in the foregoing paragraphs, a life table may
be defined more precisely as a mathematical model that portraya
mortality experiences of a cohort or group of persons born at the
same time, closed to migration, in terms of probabilities and
provides a basis for cstimation of longevity at various ages until
they all die (Keyfitz, 1977, p.3; Bogue, 1968, p.554). To clear
the idea of a life table as defined above, let us consider 100,000
babies born at the samec time in a certain community. If a life
table is constructed from the life history of these 100,000 babics,
one c¢an easily answer the feoellowing questions which normally arise
to the mind of a common man: (i) How many out of thesc 100,000
babies will complete their first year of 1ife? (ii) How many will
reach age 5, 10, 15, 20 and so on? And when ail these 100,000
babies pass through various ages until death, (iii) what would be

the average length of life per person?

Life table can be of two types, namely, (i) ¢ohort or
seneration life table and (ii) current or conventional life table.

Strictly speaking, a cohort life table requires the information on



the actual mortality experience of a particular group of persons
born at the same tino (called the birth cohort) when the cohort
is followed up from birth until the death of the last member of”
the group (Chiang, 1968, pp.189-190; W.H.0., 1977, pp.T6~T7;
Spengler and Duncan, 1956, p.91). From the basic requirecments,
as stated above, for construction of a cohort life table, it
appears that such a life table is guite difficult to generate in
practice because the requisite statistics for a period of 100
years or morc are rarely available and sven if available, are
likely to be defective due to various difficulties encountered
in keeping tracK of them throughout their life. Thus such life
tables, though uscful in studies of animal populations and
analysis of patient survival in studies of treatment effectivo-

ness, are rather unpopular for human populations.

The current or conventional life tobles which are most
popular in demograrphic analysis give a cross=secctional view of
the mortality cxzperience at different ages in a given population,
closed to migration, during a specified short period of tinme,
usually not morc than ten years. It scans out the life span of
cach individual of a hvpothetical cohorg (called radix) on the
assumption that an individual at any particular age of his life
will be subject to the samc mortality as actually experienced
by the given population for that age during the specified period
and it also provides a basis for measuring what the longevity

would be of a new-born infant if the same mortality schedule
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could b:> assumed throughout his life {Chiang, 1968; Lahiri, 1972:
W.H.O., 1977). However, the statements, guoted below, nade by

Campbell in the WHO Manual cn Mortality Analysis is worth noting:
T

"The current life table iz thus a fictitious pattern
reflecting the mortality experience of a rcal popu-
lation during a calendar year. However, it is an
effective means of summarizing mortality and surviwval
experience of a population and is a sound basis for
statistical inferonce about the specific population
under study for that calendar year"(W.H.0.,1977, p.59).

A lucid discussion on current life tables and the urder-
lying assumptions in the construction of such 1ife tables may

be found clsewhere (Barclay, 1958).

There are two usual ways of presenting a life table,
namely, conplete and abridged. In a comnlcte life table, the
life table functions are computed for each ycar of life; whercas
in an abrideed life fnb;e, the functions are prescented for age
interveaels more than one yecar in length, excepting possibly the
first year or first five years of life. The standard notations
of the various life table functions and their inter-relationships
ney be found in any standard text book on demography or wvital
statistics.

At the present era, there is a tendency anong demographers
to evaluate the worth of research in terms of the policy relevance
cf its results. Preston correctly pointed out that: "This in-
clination has been accompanied by and is largely responsible for

the decline of mortality studies. Mortality is presumed to be
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outside the policy sphere, since nations will(or atleast should)
never spend less to vromote human health and longevity" (Preston,
1976, pp. ix-xi). iie further commented that the mortality
situation of a community nay be considered as a product of sociéi
and individual choice made under budget constraints and in the
presence of competing alternatives like schools, roads, homes

and recreations, etc., which apparently mske our life more

pleasant and attractive.

However, the importance of life table which is largely
a product of actuarial science should not be undermined in any
casc since its application is not restricted merely to the com-
putation of insurance premium. It has considerable value in torms
of policy relevance too in terms of public health programmes. It
is a useful analytical tool for demographers, epidemiologists,
physicians and research workers in other arcas of public health
which in turn will help the policy makers to suggest the arcas
of concern of the govrernments in shaping thoir future plan in a
fruitful manner as per need and resources of a country. It would
not be over-cmphagized if we say that the modern developments in
ienography would have been inpossible if the concept of life table
vzs not developed earlier, The need for devclopment planning is
corticularly felt in less developed countries like Indiae In-
t2izat=lly, in many of these countrics there is considerable
zz. Zisreporting which is to be given special attention in the

-:rstruction of life table.
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1l.2. Various Measures of Mortsality Versus Life Table and
Its Role in Domographic ‘nalysig

l1.2.1. General mortality

-
Mortality in a community or a population can be nmeasurcd
in a number of ways., The measures developed so far may be cate-
gorised broadly into two groups according to their purposes,
namely, (a) quantitative description for exanining levels and

trends and (b) analytical study of mortality.

A wide variety of neasures, which are basically rates
and ratios are used for the purpose of quantitative description
of mortality situation of = comnmnunity or a population (B. Benjanin,
1968, pp.92-101: W.H.0., 1977, pp.34-57). The most conmmonly used
and widely available index of mortality is 'crude dcath rateo!
which is nothing but the ratio of deaths during a year to total
Zii-year population. It is the crudest possible but most sinmple
722 of rate based on registered deaths. It provides a measurc
st grdss—del&tian from the ponwulation through death, and is useful
Tor giving a very general ides of short-term mortality trends for
2 specified area and for classification of countrics according
~* zortality levels. However care nust be t kén in conmparing
—>rtality levels among various subdivisions of a country or
z:fferent countries if their age—sex compositions are diffe-

T=nt. The crude de¢ath rate combines together various agec-scx

$T2upsS In the form of an average without taking into account

*n2 ralative size of the groups among which mortality variecs
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widely(from one age—-group to the Dthey. In this context the
following observations made by thc United Nations arce worth

noting:

——_

"eo....80me developing countries have attained doath rates
lower than thosc now Provailing in industrialised countrics.,
Howevar, if age structurc of tho population is taken into
account the mortality ratcs of the industrialized countrics

arc, in gcneral, lower. This paradox is cXplained by the
higher proportion of older rersons in the ponulations of
the industrialized countrics"(United dations, 1973, p.l1l09).

Furthoer discussions of the affect of agc—structure on
crude death ratec may be found elsewhere (United Nations, 1963).
It is important to note that the crude death rate which is inde-
pendent of the accuracy of age reporting, provides a valuable in-
tormation of overall mortality situation of the countriocs where
the age-returns are seriously distorted by age-misrcporting. It
is also useful for detecting Yearly or seasonal fluctuations
Socause nornally thoe age—sex composition of the population under
study is not expected to change abruptly during such short perioed
- time.

To avoid the difficulty in comparing the mortality
gituation through crude death rates of two or more poepulations
~a2ving different age structurc as mentioned in the carlier para-

“zprh, 'age-specific death rates' and 'standardiscd death rats!

LIL]

=: :7%2n used for this purposc. Let us first consider the

3

s.==2x¢cifiec death rates which are nothing but crude death

i

T:% at various age-groups. Undoubtedly, this age-specific

H
it

ik

w1ill provide a better picture of mortality situation of

L

“lunltry compared to that revealed by crude death rate bocause
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(1) thesc specific ratcs contain more detailcd information on
mortality and (ii) risk of death is vory much related to age as
there is systematic metabolic change of the human body with
~ivaneenent in age. It is truc that the are=specific death -
T2%¢8 are not vitiated by the ago-structure of a population and
Tr:y give more insight into the mortality situation of 2 population

-y w5
:r Durther investization, btut when our aim is to coapare the
cverall mortality situation of two or more populations, then the

use of age=-specific rates for purposz of comparison is nothing

sut to beat about the bush since it becomes vory couwplex job for

the human mind which has to comprehend the totality of age-specific
rates as a single entity. Bven if it is possible to compare, it

ney give some conflicting results. For c¢xample, it may happen

that for a particular age-sex group the mortality rate of a region
‘' may be greater than that of another reszion 'Bt while for another
z.J2 group, the reversc may be the casc. Thus wo find that it is
rether wifficult to draw any p.-2cise conclusion regarding the
sncral mortality situation of 'A' in com»arison with 'B', It is,

tnércfore, neccessary to combine the differcnt age-specific mortality

2728 in such a fashion so that the true picturce is revealcd and

mparison beccones valid, This can be done throuzh a standard-

~zztion technique in wnich thoe same standard weizhts =zre used for
~=7ferent countries so as to combine the ago-snecific death rates
Z zach of the actunl populations into a single index. Such indicces

zre unaffected by the peculiaritics in the age-compositions of

L B

*2¢ original populations under comparison (Wolfenden, 1923;
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1957 & 1962; Stouffer, 1951; TYerushalny, 1951 ; Silcock, 1959;
Kitagawa, 1964; Spicgelnan,and Harks, 19 E@. Doath e 3o obtrincd 1s
known as ‘'standardiszed death rate'. The fund amental concepts of

-

standardization are discussed briefly in the next paragraph.

There are two different approaches for obtaining stand-
~prdizzed death rate which are coumonly knowil as "dircct" ond
"indirect" methods of standardization. The direct standard-
ization {explained in the last paragraph) consists of applying
the obsecrved age—spccific death rates of the given populations
to a standard population so as to summarise two or more sets of
rgo-specific rates independently of the age composition of the
individual population under study for purpose of making valid
conparisons. When the sets of ago-specific ratecs of the popu-

1 ations whose mortalities are to De compared are not available

+3t the total number of deaths occuring in each of the populations
iuring a specified peoriod is available, one may apply the indirecct
s~andardization. This approach consists of applying a stand ard

st of agc-specific rates to different populations classified by

-— .

~z. so as to bring out the relative influence of the age-

-=position of different populations on their crudc death rates.

- o
- =

- -: conmputational proccdurces of stand ardized dcath rate through

:-=z~t and indirect approaches may be found in any standard text

-x on Demography or Vital Statistics. It may be noted here

)

--= the sclection of a standard population in the stand ardization

-

:z=nique is rather arbitrary which has congiderable influence on
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the values of the standardized death rates obtained by applying
the technique particularly when the populations bueing compared
have very marked compositional Adifferences with respect to ago.
Yhere are various other types of mortality indices depending upon
the weights used for sunmarising the mortality cvxporicnces at
various ages for the purpose of comparing mortality experiences
of the two or more populaticns. A good deal of discussions on
various measures of mortality may be found clsewhere { sce, Cox,
1966, pp.l20-143; &tndcrson and Daw, 1952, ppr.194-206; ard

Zenjamin  gand Haycock, 1970, pp.l-34.

We have already scen fron the earlier paragraph that
ihere are various ways of neasuring and conparing mortality
zituations of various populations. Anothexn way probably the best
“rny of summarising a mortality experience or comnparing sevceral
~2rtality expericncesis by means of life tables. The life table
~2 one of the most comprehensivc expressions of the mortality
zzttern of a commun ty prevailing at a particular point of time
s perind; The following statements made by Dublin and Lotka are
w:xrth nnting}particularly, in the context of the foregoing dis-

2s5ions mentioned in the earlier paragraphs:

o |

o=

-2 crude death rate, for well-known reazsons, is not a
good mecasure, becausc it is quite scriously affocted by
iifferences in age composition. Standardized death rates,
>n the other hand, have the disadvantagc that thecy depend
cn an arbitrarily selected standard population. The life
table is free from this arbitrary fcaturc, and of course,
with 1its several columns, exhibiting, for & "cohort" o
"generation" traced from birth through lifc, the anunmber
survivors, the number of deaths, the death rate and the
zxvcctation of life at each age; such s table gives nuch

—2r2: detailed information than a general death rate,whether
trude or standardized" (Dublin and Lotka, 1937, p.- 20,

by
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The expectation of 1life at births which is ths average
number of ycars of 1lifc that a. noew-born infant is expected to
live under the prevailing schedule of ageo-specific mortality at
a particular point or period of tine, is independent of the ager-
structure of the actual population. This is seen from the fact
that the fundamontal concept of a 'current' life table is to
follow the lifc history of a hypothctical cohort of individusals
born at the same tinme. The cxpoctation of life at birth is con-
sidered widely as a superior messurz of the overall impact of
nortality of a population and it may be used in international and
sther comparison (Bogue, 1968, p.553; Jordan, 4967, p. 174). It
can be easily shown that. 1ife table decath rate (mlj, defined as
tho crude death rate in the hypothetical stationary population
tased upon the life table, is simply the reciprocal of the
:Xxpectation of 1life at birth (ez}. If SY ana de arc the 1ifec
taole povulation and life table deaths in the ago-wlerval{x, x+5)
rzapectively then by definition life table death rate (ml) can bc

“ritten as -

oy, = (Total number of deaths in a f (Total number of persons
' hypothc tical Stationary in the stationary

population) population)
W w
o d S— -

=2 5% )/ (7 5% ) ieiiurneens (1.7)
x=0 X=0
/ > s - gt

=1 /T , singce 1 = 5 and T = 57 x.
o "o 0 il o ’%Eﬁ

How by definition, the expectation of life at birth{ez)

:=n e obtained by the ratio Ta/ln‘ Thus, the above relation

- e
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becomes m, = E/ec . Now, the numerator of the RHAS of (44 )
o

can be written as -

W W

Z de - ..(:....I EL:{ * Eln:; LI R R (1.2} -
x=0) x=0
m de ) : )
where 5 x = T is the life table death rate in the
5%

agedfhftrwdﬂx, X45).

Now using (1.1) and (1.2) we get,
W W
L m —  _L
m, = ( 5% . 5 x)/ XK.
1 j;;% E;EU

Thus m, is nothing but the weighted average of the
schedule of age-specific death rates taking 5Lx as weights,
Whenever it is required to obtain weighted average of a schedule
of aga-spaﬁifin nortality. rates for the purpose of comparison,
the use of ELE values as weights are considered %o be ideal for
theoretical as well as practical considerations {Bogue, 1968, p.558).
This is particularly useful in the case of anal ysing cause of
death statistics., Thus, we see that the life table death rate
zay be considered as an age-adjusted death rate since the value
of ‘ml‘ depends on ez which is independent of age-structure of
the actual population. Thus the life table death rate may also
o2 used in place of the aga=standardized death rate for the
curpese of internaticnal or other comparison, But it does not
2dd any new information compared to that of e® since m, is
nothing but reciprocal of eS- Furthermore, if age—specific

<2ath rates of a population are double ($4y) those of another



exgetly
populatign, the relation may not bel{reflected in “he life table

death rate. For these reasons, it is seldon used in practice.

Furthernmore, the ratic i / lxy whe re lx iz the

X+

T

number of survivors at exact age X out of the initial hypothetical
birth cohort 10, Serves as a useful measure in comparing the
chance of survival between two populations belonging to the age
Tevved (X, x4n). For exanple, we would 1ike to compare the
mortalitity rate of Indian women in childbearing ages (15-45)
to that of Ceylonese women in the same age#%irthddu:ing certain
period. For this purpose, we need to have 1life tables for India
and Ceylon during the Specified period; and this can be done by
comparing the ratios { 1 - 145/115) obtained from the corresponding

iife tables,

~.2.2. Infant mortality

The children below one year of age requirce special
~ttention from the demographic as well as social point of wiew,

nee tho wastage of human life during the first year of life

Iy
(R

3 Zlaringly high, due %o wvarious endogenous and exogenous causes
.courgeois—Pichat, 1952; United Nations, 1954). It is ncedless to
*mrhasise here the importance of infant mortality in mortality
"a2lyses and other allied fields since it hnas been universally

- e, o
._--l‘-l'--l':‘.r

]

2ted that the incidence of infant mortality can be treated as
22 of the most sensitive indicators of heslth and level of
--7ing which are heavily influenced by the environmental and

fitio-~economic conditions (Titmuss, 1943: Logan 1953 & 1956:
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United Nations, 1961, 1973 amd 1980; W.H.0., 1977). However,
some deviation with regard 4o tho above fact has bezon observed
from the recent trends of infant nortality in developing countrics

-

(United Nations, 1973, pp.l23-125).

During the last fifty ycars, the infant rortality rates

{qm) per 4,000 live births in India have doclined sharply from
249 for males and 232 for females in 1921-31 to 130 for males and
123 fnr females in 1961-71; the child mortality rates in the age
mheval 440 4 ( 4q1 } have élsa deelined considerably from 199 to
68 and 182 to 7% for males =nd females respectively during the
aforementioned time span of forty years. (For the estimates of

q, and '4q1_in 1921-31 - see Vaidyanathan, 1960, PP. 366 & 368

for 1961-T1 - see Office of tho Rogistrar Genernl of L“ﬁia,l‘f}'??a,gz.lf}—l?

The studies madc in other developing countriecs also show
that the infant and child mortal ity had declined considerably
iuring the last few decades (for discussions sce United ations ,
1973, pp.123-128; 1980, PP.92-95). Such a sharp decline in infant
znl child mortality is mainly due to spectacular improvements in
=2dical sciences with special roference to discoveries of some
-ifc saving drugs and various other antibiotics and to sone cxtent,
2ue to public health progreammes, such as immunisation progranmo,
tC . It is ﬁishcartﬂning_to note, in this context, that there
“28 no significant decline in the level of infant mortality
zuring the period 1970-78 in India, - specially in rural

ireas(0ffice of the Registrar General of Imdia, 1980, p.33).
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Probably, after certain stage of demographic trzasitition, mefely
intensifying the immnisation programme and use of modern broad
spectrum antibiotics and/or any other modern medical technology
may not have significant effect in further decline in infant
and child mortality without sufficient improvement in public
health programmes other than imnmunisation amd socio-economic
development of the general mass (Coale and Hoover, 1958, pp.l4~15:
Dorn, 1959, P.457; United Hations, 1972, pp.l152-155: Adlakha and
Lirk, 1974, pp.381-400: Visaria and Jein, 1976; Palloni, 1981),
It has heeﬁ reported in one of the recent publications of the
Office of the Registrar General of India that ",... mortality
anong female infants is more than that among male infants,
2sSpeclially in the rural areas. A question may be asked whether
the preference for a male child results in female infants not
Teceliving as much care and nourishment as bestowed on the male
i=nfants" (Office of the Registizr Genaral of India, 1979, P.33).
A good deal of qualfbative and quantitative discussions on
zreference for children of Particular sex in India and abroad may
©* found eslewhere (Lahiri, 1974; 1975; 1977; 1979 & 1980;
lasnerjee, 1976 Williamson, 1976 & 1978; Srinivasan et al,,1978;

z.ztia, 1978; Kabir, 1980; Pullum, 1980).

From the discussions in the foregoing paragraphs,
=z Jind that infant and child mortality have considerableuuffeiatiun with
sereral health and social conditions of a community. Furthermore,
*.-& gXpeclation of life at birth, which is often used for inter—

~%ZIonal comparison of mortality level, is a weighted average of
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age—spe 'ific death rates as shnwn earlier and huonce the life
expectancy at birth is highly influenced by the death rates

in infancy and childhood periecds where the incidence of desaths
are quite high compared to other ages. Purthermore, it may be”
noted that "a death at say age 65 represcnts the loss of few
years of expected life, a desath in infancy may entail a loss
of life perhaps 60 years or more" {Logan, 1953, p.30). Thus,
special attention is necessary in estimating child mortality,
particularly that of infants while constructing life table of
any population.

The term 'infant mortality rate', in true sense,
refers to the probability that a child born will die before
the completion of one yecar of age. Thé ideal way of estimating
this probability, that is, infant mortality rate, is to follow
up a large number of children born alive at = point of time for
exactly one year and to recoré the number of death during this
one year period; and then the infant mortglity rate may be
obtained by dividing these deaths by the initial number of
children born alive. Since in actual practice, this is rarely
nossible, conventionally the infant mortality rate is defined
as the number of infant deaths ( Dnz) gccuring in a community
during a calendar yecar (Z) per 1000 live births (Bz] during the
same calendar year (Z). Symbolically,

&
II"[H. — £ X ﬂ_l:}l:}ﬂ I (lt3)

BZ
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It may be noted that the conventional infant mortality
rate defined by the R.H.S. of (1.3) is not a probability rate 1/

a8 used in life table since some of the infant deaths D 2 during
relale  fo the Lxfpowid o
the calendar year 3 may{born in the preceding calendar year

¢
(2-1); similarly, some of the dcaths below one ycarjage out of the

-

total number of births (Bz) during the calendar year Z may Dcﬂurﬂurﬁw
the following calendar yezar (Z+1: (Logan, 1953; Spiegelman, 1970).
However, if the yearly fluctuation of births is not significant,
then the conventional rate is exXpectod to give sufficiently
reliable measure of infant mortality rate. To distinguish between
the 'conventional infant mortality rate'! and 'life table infant
mortality rate', the former may be called 'infant death rate!
(Barclay, 1958). For obtaining an estimate of the true probability
rate, that is, the 1life table infant mortality rate, the time-
interval between births and deaths should be adjusted in such a
fashion that they correspond to cach other. The details of
matching between tre live births during & specified period and
infant deaths may be found elsewharo {Logan, 1953; Spiegelnman,

1953; Salinas, 1953).

From the foregoing discussions on various mortality
indices (including that of infant mortality) and measures based
on life table, it appears that the life table technique is the
most usceful method in summarising mortality data and to make
valid comparisons between various populations as compared to

other available measures of mortality provided, of course, fairly

L/ Henceforth this probability rate will be called as 'life table
infant mortality rate'.
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reliable life tables are available for the populations under

study during the specified period,

There are several uscs of life table in demographic
analysis, Apart from detailcd mortality investigation as dis—J.
cussed in the earlier paragraphs, life table is mostly used for
estimating population of =a community at some future date, its
composition and distribution. Life table is esgential for
computing measurses of population growth, such as net reproduction
rate, intrinsic rate of natural increase, replacement index.,
Furthermore, the life table technique is extensively used in
the studies of fertility, migration, evaluation of family
plaming programmes, analysis of causc of death statistics and
S0lving various problems in public health. In othar words, any
analytical approach of the study of population requirces the help
of life table. A4 good deal of discussions 0N variocus application

of life tables in demographic snalysis may be found elsewhere

(Dublin et al,, 1949 . pp.236-283%; Shryock - ad Siegel, 1973,

PP.449-459).

1.5, A Brief Chronological Review of Variocous Literatureson
Congtruction of Life Table

-

1.3.1. A brief history of life table

The study of mortality which is the oldest subjeet as
mentioned earlicr in demography was first brought under syste-
matic and rigorous analysis through the concept of 1life table.
Truely spesking, most of the techniques for anzalvtical Etud&'uf

human population are in some ﬁhy or other relatcd to life table.
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It is not exzactly known vhen and by whon tho concaent
of lif~ tablec was conceived for the first time. Howaver, from
various litersturcs on mortality investigation and other allied
topics it appears that probably the first rudinmentary life table
was prepared by a Roman author, Ulpian somctine during the third
century A.D. which apparently was uscd to determine the provisions
of life annuity contracts {Trcnerry, 19263 Duhlin.gﬁ_gi., 1949+
dorn, 1959 }, dut sewvoral demogreaephers arc of tho cpinion that
the harbinger of life tabloe wag John Graunt, haberdasher nt
London in the sevonteenth century, who used to study in his spare
noments, the bills nf mortality duringzg the plague periods in London
{Dublin ot al., 1949; Grebnik, 1959: Loriamer, 1959; Thomlinson,
1965: Boenjamin and daycocks, 1970; W.H.0., 1977). Graunt cullad
an enormous anmount of interecsting and ellightening information,
while analysing, with great care for severnl ycars, the weekly
rocturns of christcnings an? burials in the city 0f London which
o3 pfﬂrunted in his romarkabl  book entitled "Jatural and Politiceal
Jbservation menticred in a Following Ind:x snd Madc upon the Bills
>f dortality” published in 1662 in London (Graunt, 1662). This book
<7as highly appreciated by the ﬁembers of Roynl Socicty who brought
sraunt's contribution to the scicntific world {Lcrimer, 1959,
-.127.)

The basie idea which Graunt presented in his book
T what lator became povular as 1ifs table, was of & group of
cirths followeed through 1ife and gradually reduced in nunber
~-¥ deaths. However, it may be noted in this context that the

reduction by death was not so gradual in those days; around
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two~fifths were dead before attaining age six. The rough outline
of a life table presented by G.raunt as shown in Table 1.1 should
be treated only as an excecdingly crude approximation .Wwade. on
the basis of the bills of mortality in London which were rather

imnperfect in nature,

ficcording to Benjamin and Haycocks (1970, p.385) "....This
was not a life table in the proper sensc of the term and it was
not correctly calculated, but it represented a tremendous leap
forward from the simple death rate to a new and Zraphic method

of representing the age pattern of mortality".

Tablc 1.1

Geaunt's Table of Survivers Based on Bill of
ortanlity in London

T —— — — ——— e W S - Bl S — T e N e — P — i A L ] — ——— ——

Ag2 in Numbecr i Age in Numbcr
vears Surviving : years Surviving
O 100 46 10
6 64 56 &
16 40 &6 >
26 25 76 1
36 16 86 0

Source: Harold Westergaard, Contributions to the History of
Statistics, P.S. King & Sons, Londecn, 1932, p.22

1t may be noted that while obtaining the number
survivors out of the cohort of 100 birth at various ages as
shown in Table 1.1, Graunt probably pre—supposed that the
copulation under study was stationary. Though Graunt's data arc

o0 rough and too lacking in detail, yet in the abscence of
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better data an approximate computation shows that the average
length of life was around 18.2 years (not supplied by Graunt)
(Dublin et al,,1949, p.33). It is interesting to note that
Graunt's data which were unquestionably faulty duc to various
types of error involved in the data attracted the attention of
seﬁeral rasearchers in other countrics and his table was used
for illustrative purpoge of human mcrtaiity pattern even more
than a century after the publication of his book (WEstergaard.

1932; Dublin et al-»1949).

Later on, many academicians and Governnent officials were
attrected by the John Graunt's remarkablc work on the basis of
bills of mortality in London and the 1ife table gradually camc to
occupy the key position in population studies as a device of
description and as an analytical tool (Coalcs and Demeny, 1966,
p.6). The next important advancement in the history of life
table was made by Graunt's succ :ssor, Edmund Halley {(1656~1742),
a member of the Royal Socicty in London, wi:o laid the corner
stone of life insurance business and constructed the {first
enpirical life table, about thirty years after Graunt's famous
publication, based on births and age-specific deaths collected
from the church records of Breslau, Silesia. lalley's valuable
work was first published by the Royal Society, London, in 1693
and later on reprinted by John Hopkins Press, Baltimore, in 1942
ZTHalley, 1693 _7; According to Dublin and Others
"etee.. Graunt was a layman, who, by exceptional talent was able

%o do productive works. Halley was the first more definitely
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scientific worker in this fielgd® (Duhlin_g' 2l., 1945, pp.33-34),

salley's life table in which males and fciales were not dig-
tinguished was constructed on the basis of deaths slonc underwr
the assumption that the population of Breslau was stationary.
However it was pointed out by Greenwood (1948) that Halley-
realised that the assumption made by him, mentioned Just above,
for the construction of life table,was not proper and to satisfy
himself he madc some correction for the excess of births over

deaths. But the modification made by him was not sufficient to

nake the life table totally valid from theoretical as well as

bractical aspects.

It may be noted that Graunt could not obtain the
2¥pecied number of persons by ages from his data. Nevertheless,
“elley's life tablce has considerable historical importance not
only as the earliest document of this kind, but also as a re-
aarkable technical work on the construction of a life table from
fairly current data, under the direcetion of a competent academic
scholar. A summary of the Halley's lifc table is presented in
tho tf-"li:!l:.?' 1.2 . |

dmong various other mertality investigations after
dalley, the hist:crically notable 1life tables are the French
Tables EH&lford, LE76, ».321), .repared by Deparcieux, Buffon,
iourgue and Duvillard, the Northampton Table (Sutton, 1874,

P.107) (England), published by Dr. Richard Price in 1783, that

of Wigglesaworth Table (Wiggluawnrth, 1793, p.l31) for Massachusetts
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T-ble 1.2

Life "xpuctancics at Various Ascs
Ldccoiairn: to Hallew'ls Lifa habDla®

dze in mxpectation of E Age in Expectation an
ycars Life in Years ! years Life in Years
_ !

0 3%.50 P45 19.22 .

5 41.55 {50 16.81

10 39.99 {55 14.51

15 36.86 ' 60 12,09

20 3% .61 ' 65 9.73

25 30.38 f70 7.53

30 27 .35 {75 5.99

35 24.51 80 5.74

40 21.78 !

*>ased on mortality expcerience in the city of Breslau during
tnz period 1687 to 1691.

Scurce: Philosophical Transaction, Royal Society of London, Vol.l7,
1693, p.596; R. Pcarl, The Diology of Death, J.B.Lippincott
Co., Philadelphia, 1927, p.83; Sce also Louis I. Dublin and
others, Lensth of Life: A Study of the Life Table,(Revised
Edition), p.34.

znd New Hampshire for various periods of ycars before 1789 published
=1 1793 and that of a part of Philadelphia, U.3.A. by William Barton
(1793, p.56), based on the mortality expericnce in the years 1782,

1788, 1789 and 1790.

Pr. Price's llorthampton Table published in 1873, which
was based on the death returns for s parish in Nor thampton during
1755-80 was the first life table used for 1life insurance. While
constructing the Vorthampton Table (1735—80), Price, initially,
sverestimated the mortality and thereby umderestinated the
sxpectation of life as he was overlooked the fact that therg

#ere large number of Baptists living in Northampton whose burial



- 26 -

took place in churchyard but their baptisms were not registored
at birth. However, this error was correctcd by him later on,
hAccording to the Hlorthampton Table, as originally constructed,
the life expectancy at birth was arcund 25 yecars which became i
30 yoars after the corrzeiion. Unfortunately, the then Government
1ad to bear heavy loss in its anmuity scheme before the error was
corrected (Dublin et 8le;1949, p.35; Benjamin, 1968, p.105; W.H.O.,
1977, p.79). Dr. Pricc also constructed a life table from the
lata on population and deaths by agce in Sweden, which was the
first national life table ever made and redounds much morc to his
tame than the Northampton Table (Benjamin, 1968, p.l05).

The investigation on life table tochnigue through
appropriate scientific principles taking into consideration both
ieaths and the population cxposed to risk of death classified by
=ge¢, was carried out, for the first time in the history of life
table, by Milne in 1815 on the basis of thc mortality experience
>f two parishes in Carlisile (England) during the period 1779-1787
\Sutton, 1883, p,110; King, 1883; p.186). The expcctation of
iife at births of the general population in Carlisle during
1779-1787 was 38.72 ycars (Sutton, 1883, p.118), which is close
2 that of India for thc decade 1951-61 estimatsd by Coale and
Zoover (1958), Immerwarh and Sinha (1971) and Lahiri (1972).
Towever, later on, life table becamne intimately bound up with
the analysis of stable and stationary (with fixed total sizc)
sopulations as a by-product of the valuable work carried out in

2760 by Leonhard Eular, a Swiss mathematician on the basic
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principl @s of the stable popul~tion ~ a population with fized
mortality, feriility, and age-—sex ﬁistributimn.ﬁfﬁuler, 1970,
(1760)_7. Considerable sophistication in life tablc techniques
were brought after the noteworthy studises made by Lotka (19074,
1907b, 1922, Sharpe and Lotka, 1911; Dublin and Lotka, 1925;

Lotka, 193%1).

The various methods, developed so far, for the construction
»f life tablesgf can be diwvided into the following three broad
cetocgories:

a) Life table based on death records only,

b) Life table based on death records as well as
census rocturns, and

¢} Life tablc based on census rcturns only.

Enormous ancunt of research has already been done in
<hne techniques of construction of 1ife table. It is not possible
+5 make a very exhaustive revicw of all the literatures in this
field. However, ar attempt has been mede “werc to summarise the
~istorically important and rucently devised techniques on life

table construction.

2.5.,2. Life table based on Qeath racords Only

If the population under study can be considcred as a
stationary one, and the ages at death occurring in the popu-
iation during a specificd period are known, then the decaths at

28C ¥ provides the fundamental information on the life table

2/ Here we arc discussing, only the 'current or conventional
life tables’',
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deaths (dx} at agc x by using tho following formulae:

ST & e (1)
t—x

H
i

Iagpis
and thus the 1 column of the lifc/can be obtained by using the

formula (1.4) and P, » the probability of survival from the exact
age X to the exact age (x+1) can be ostimated by the following
formula:

1
P — = +I L I L B B B (1-5}
X 1

x

and hence, the other columns of the lifo table can be constructed

oy usual procedure (Spiegelman, 1970 W.i.0., 1977; Misra, 1980).

It may be noted, in this connzction, that the life tables

»rior to the Carlisle Table (1779-87) constructed by Milne were
cased on the assumption of stationariness of the populstion. In
~odern times, this method has been abandoned for the purposc of
constructing life tables of human population since the underlying
assumptions of a stationary population can scldom be justified.z‘
sowever, if the population under study can bc considred as appro-—
xinately stable,&/ Preston and others (1980) showed that it is
possible to construct a recasonably good life table from the dis-

tribution of deaths c¢ven if the under-registration of dzaths is

3/ The archaclogists or zoologists arc using this technique to
find the age at dcath of individuals from the skeletons of
men or animals of which population cannot be known, but may
be assumcd as stationary (Sec,W.HO., 1977, p.79;: Speigclman,
1970, pp.139-140).

3/ A population is said to be stablc if its ag<-seX distribution
alongwith the mortality and fertility schedules acting on it
renain steady over timge. This concept and the mathematical
treatment of it arc fundamentally duc to Lotka (l@ﬁl).
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high; pr.vided, of course, ﬁhe rompleteness of registration
remains almost the : ame ot different ages .eyond the carliest
soars of life and rate of growth (r) of thc population under )
study is known. But the estimation of 1lifs table functions auring

infancy and childhood zgecs have to be treated separately. These

ore discussed in Section 1.3.5.

Now, we shall discuss somec conmon but important
tochniques for construction of life tables under thce sccord and
third catcgories with more cmphasis on the third since the prescat
thesis is related to th:z greca where decath statistics are very pooT

in quality.

1.3.3, Life tableo ased on geath records as well as
cenaqu age roturns,

B S —

1.3.3(a)Death pecords ard census dge Boturns arc both
ufflclarfly roliatlo.

The methods Lelonging to this category arc applicable to
the areas where the vital registration atauigtics and age-sex
iistribution of the population under study are fairly ralaible,
in this case, an abridged 1life table is bascd on the age=-specific
death rates (5Mx) observed in the population under study. The
age—gpeeific death rates (SHI) may be obtained as follows:

M D

51 s E——E N T E R R (1-5}

5F%
b .
where 5 x is the average annual number of registered

deaths in the age group (x, x+4) during the specified one —year
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period under study and SPx is the mid-year population in the

age group (x, x+4)

Now, a 'current or conventional 1ife table' may be i
constructed by following a closcd cohort of pcrﬁonsi/(male/
female or both) born together, at various ages under the assumption
that the people belonging to the cohort will be dying according
to the mortality schedule, defined by 1.6 which is fixed in
advancce and doces not change. Before going to discuss about
various methods of construction, we should know the answer to two
more guestions without which one coannot proceed. These questions

=r2 stated below:

1. dow can the life table ago-specific death rates be
related to actual recorded cxpericnce?

and
2. How can we follow up a particular cohort throughout
" its lifc time because the available mortality experi-
ence which we have i1s nothing but a2 snap shot of a

particular moment or at the most for a very short
period of time comparced te the whole lifc span?

The first problom may be solved by assuming that the
age—specific death rates in the life table population (5°x) is
the same as thc ago—specific death rates in the actual population
"J ). That is symbolically -

5]:'1:{ % 5“:{ Y (117)

ruiln.

/ 37 a closed cohort nf porsons, . a2-n here a group of persons

Sorn together whoss nenborshiin remaj ns unch d d
a f}-—?.y'- 'E—-.r & ‘}'ffg.lf Ally, CXCCP Igﬁ a?gkéscsu%lu gll gg ﬁﬂl’l,

f’l.
The ‘cohoft, calied thé radix of a llfe table,usually begins with
some stand ard mumber of births, such as 1,000, 10,000 or 100,000.
However, it may be noted that the cohort may start from ANy nci .



However, to construct an abridged life table, we need
to know the age-specific mortality ratesE/(qu} wvhAich may be
obtained from age-specific death rates (5mx) under various
assumptions leading to different formulas for obtaining
qu fronm me.

To answer the second question, one may assume that
aortality rates at each age even if they relate to the specific
year or period, may be applied one after znother to form the
survival history: of A hypothetical cohort. In General, life tables
do not represent the life history of an actual cohort. Instead,
a life history ia generated synthetically from mortality rates
by age during a specific year or short period of time and thus
represents short segments of the experience of many cohorts.

There are various methods of cmnstrﬁcting abridged life
tables from death and population recordis by age which essentially
makes use of some reasonable relationships be tween Smx and qu.
In the simple case, if it is assumed that the deaths are evenly
distributed in each gquinguinnial age group excepting the first
age group (O, 4), it can be easily shown that the age-specific
mortality rates (5%) can be estimated from the age-specific
death rates {me} by using the following relationship {Barclay,

1958; Spiegelman, 1970; W.H.O., 1977):

10. 5%x
5 = | coreenceres (1.8)
2+ 5, Bmz
2— 5, 7L
P = 51 S B B IR N (1-9)
5% x 245. n
5%

iy,

&/ The term 'age-specific mortality rate' means the probability
of dying in certain guinguennial age—-group.
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Applying thc relationship (1.9), one a-y crsily

construct an abridged 1if: table (Barclay, 1953; ¥.3.0, 1977).

‘he Registrar Gonerrl of Bnolarnd & Walcs Mlos a cd ths above

relnticnship for th. construction of abridged life tables(W.H.0.,
1977; ».69; Benganin, 1958, »n.112). However, ticre are aieny othHer
ways cf constructing abridzged lifeo tablcs fron the rogistered

deaths and populatisn statistics - emong; thim the nicthols suggested
by King (1914}, Snow (1914} -2ecd & orrell (1939, Greville (1943)

aré quite popular. Those =mcthods sre well—liscusscd and Lyicf
descrintions of thoss nothads may o found elgewvhoers [Benjamin,
19683 Spiegelman, 1970; W.H.0., 1977). In snoth:r attomnt, Souto

and Somoza nroposcd a tecanigue in 1953 for consiructicn of abridecd
1ife table frmmf;_ » The 1astantancous Acath ratec »t age %, which

was estinated Ly interpolating the value of ity for n = 0 frono

several values of e cunsidering the intervel 'n' as a variable,
through a third degrec polynoninl (Souto ~nd Somoza, 1955: Lrringn,
1568; Myint, 1982). The reccat Adevelopmeonts ia the 1ife table
tochniques made by Chiang (1960, 1968), Sirkery (1964), Xeyfitz
(1966, 1368, 1975 aand 1977}, Wcrfitz and Fraucnthal (1975), =nd
Hitra (1974, 1977 ~n? 1979) arc noteworthy. In cach of the above
methods suzzestod by theso authors, 2zcontiny that of Souteo

nnd Samoza, a dircct rslaticnship between EQE AN SHE was
cstablished. However, Xoyfitz (1577) disagroed with ths assunption

of ¢equelity between Hx nnd . and thzrefore he msde noccessary

5 57x
nodification nnd obtanined o relationship betwooen them undor the
assumption of "loczl stability"™ of tho ~ge-structurc in an in-

creasing population. The introduction of ths concupt of thu mean
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“roportion [Eax) cf the l-st yvenr of lifo liv.d by Chizng (1968)

te find a funetionnl relationshin boetween 59 snd EHx for the

purpose of constructing sbridgosd life table is alas worthy of

zttention. Estination of 1ifTc tablce fanctions from life cxyroct-
-
aneies by ditrn (1974) is slso intercstin-s to no%o.

1.5.3(0) Dg-th rocords ~ro inc comnlote but econsus noe roturns
HTC_Suf;l_“QﬂE;Y Lllnhlg

Thz methods discussod 2bove Ar. asnlie~ble to thosc
rreas having quits zood dosth records ~nd the nopulnation stntistics
Ly age of the areas ar. alsa sufficicntly reliable. Eut thore ara
sone countrics whoere the dcath registration is r-ther inconnlete
rut the consus a7z returns arc reasonably good. For such countrics,
ite can also usc the staudard -nrocedure for constructing lifo
-able based on death r.cords and census osc roturns arovidad the
~2ath statisties by aje could be adjusted for under-raegistration,
Sturbage and Fargues (1979) develoned a tochnique for obis aining
~i2=spa. ific death rates from incomnlete vitsl siatistics under
“ho assumption = (i) rate of under-registration of Jcaths is
indepcadent of age above certain initial age eoansidterzd and {ii)
“xe age—structure of desths of a ponulation under stucy 1is similar
T a gset of standard anc—-specific Ceath rates which is voery
T12Xible according to the opinion of the authors. This mothod
"8 not require adjustment of the bosie age data oven if it is
~Tfected, not seriously of course, by ags-nisroporting(Courbazc and
- rraues, 1979; Murthy, 1980). Various acthods havre also becen docve-

- 2¢c in the ruecont past for corrcecting denth rogistrotion statistics

- ander-roenorting, The Tollowin? nctheds are worth ﬂatlnﬁ*{ijfﬁasgs

-thod (1975) of secitivnal growth balanco ecquation; {(ii) mothods
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~zvised by Preston snd his colleagues (Preston ot 2t 81.,1979;
Preston and Hill, 1530; Preston et al.,1980); (iii) the technique
of forward projcctions; (iv)} an inter—censual cohort survival
zethod developed by Proston and Hill (1980) and elaborated by i
Brass [1979b}and Trussell and Menken {1979); (v) a modified
Zgrowth balance mothod by Martin (198&) and {vi) a modification

> the method discussed in Preston ot l-,(TQBD) by Bennett and

Zoriuchi (1981).

It nay be noted that the above-montioned netheds including
“tat of Courbage and Faryucs, provide estimates of the complete-
~288 of death registration rclative to that of census enumeration
221 are based on tho following assumptions (a) the povulation
<nder study is closed; (b) the comple teness of death registration
s invariant over agc above certain initial age considered; and
.2) age rcportings in census and death registratisn are suf ficiently
accuratE.Z/

Furthermore, the assunpltion of stebility is needed for the
—ithods (i) and (ii) whereas the other methods including that pro-
=332d by Courbage and Farcuts do not require this assunption,
-ne of the major drawbacks of these mnethods is that they are unable
TI provide infarmatinn.regarding completeness of death registration
-2low the initial age consider.d particularly for infants among

+253 the proportion of under-registration of death is con~ v

siderably high, if not the highest. Moreover, the aasumpti

_" Courbage and Fargn.s olaim Thai their method is alse
to the populatlon affcctcd by the error of age-—miss’
v:ded it is not of a serious ordor- (sce Courbage ¥

1979, p.167).
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constancy of rate of completeness of death registration beyond the

4 : 3
initial age which is the erucial assumption, neceds more carcful and

detailed investigation, It is worthwhile to mention here that tho
completeness could be assoclated with the socio=-economic statud of
the families of the decad and that there exist Soclo=-econonic
differentinls in mortality. Furthermore, there could be strong
rural=-urban differential in completeness of death registration,
There are ¢Xamples that death registration in some countries are
almost complete in urban arcas whereas it is wvery incomplete in
rural areas, Under the situations, mnentioned above, the assunption
of apPproxXimately constant rate of under-registration of death over
the ages nay be Scriocusly violated (Preston et al,, 1980, and Bennet

and Horiuchi, 1981),

1.3.4. Life table based on cgensus returns only:

The methodsg belonging to this category arec usually used
for the arcas where the death registration statistics are cither non-
¢Xistent or very poor in quality, if existhgrbut the age-distri-
bution of the ropulation under study obtained through census or
Survey, is fairly reliable, Various methods bascd on Census age
returns are briefly described in the following lines:

1.3.4(a) Life table based on age rcturns of two
conscecutive censuscg e

In this ¢asc, the mothod of construction is based, in
Principle, on tracing cohorts living at the ting of any census

late to theip survivor at the time of the next census ., The
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underlying logic behind the method is as follows:

Let,

Z
Px be thée population at age x on the census date Sy

-~

%
Fi:: be the population at age Xx+n on the next census

taken after n ycars of the first consus date Z.
Thon, unier the assunmption of closad population, that is, no
migration (in or out) during the intercensal period, the popu-
ry

lation (Pi+

+n} at age x+n on the cocensus date (Z+n) may be con-~

sidered as the survivors of the ropulation (sz) at age x on the
first census date (2), provided the two cocnsuscs are exact in
terns of coverage of the population under study and age-recording
or PKZ and EEI: arc subject to same degree of error. Con-
scquently, the n- year census survival ratio ( nSx) can bc
obtained by dividing the population at age X+n in the latter

ensus ( Pi:i } to thu population at age x in the earlier census
E}. Algebrically,

S = PE+11 / D Z
n x X 410 x

Now, the agc-specific mortality rates (qx) during the

( P,

intercensal period {Z, Z+n) arc derived from the n- year consus
survival ratios ( néx ) under the assumption that therc is a
common mortality scale applicable to all cchorts passing through
the intercensal period. More specifically, persons, who arrive
at age X on any time during the intercensal period, are subject
to the mortality rate at age x that is, q, according to thei

common mortality scale. Thus, the ewwwevatd population on the
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first census date moves on to the population at ages n and above
on the next ccnsus date,under the operation of this common
nortality scalce, provided there is no migrations during the inter—
censal period. These comion age—specific mortality rates whicf:
are to be catimated by cortain procedure, can be used to obtain
various functions of the desired life table, such as L1 which
stands for the number of persons living between the exaﬂt'ages

X and x+1 at any timc in a hypothetical stationary population,
subjecct to those common ratcs of nortality acting on the actual
population under study. Thus, under the assunption that the
pepulation under study will renain approxinately stationary or

8/

stable during the intercensal period, then the following relatiom—

*

nolds truc

Z4n % .
B / P_ = L]H_n/ L, eerrsass (1.10)

A good deal of diséussinn on the rational of the
nethodelogy nmay be found elsewherc (Wolfenden, 1954, PP.115-117:
vIfrice of the Registrar General of India, 1960)., Thc basic
mrinciple discussced above has been uscd for constructing life tables
3f warious developing countries, such as Ezypt (Kiscr, 1944) ;

Brazil (Mortara, 1949); Western Sanoa (Raghavachari, 1974;
Huagututia, 1979); other Latin American countries (Sonoza, 1965)

and IndiaE/(Davis, 1951; Office of the Registrar General of India,

g/ The proof of this relation under the assunption of stationarity
and stability may be found in Chapter III.

3/ In India, this approach has been used by the Consus Actuaries
since 1881,



- 33 —
1960, n.&, 1977a: Lohiri, 19722 Siagh, 1331). Usually, in nost

of tho countrics, the »opulation consus tacss plecs: ~t an interval
of five or tcn years, that is 'n' is cither 5 or 10.

(i) A bricf outline of the methodoleorny adoptod by the

Aol W e LR R R R

census nctuarics of I..i=as

In develoning countrics, like Intiz whare the population

census takes nlace svory ten years, the rolationship (4,10) boconcs

4+10 2 . /
Px+m/P~- = Pxs10 )/ e

Jenotes the 1ife table nunmber of survivors at exoct nge x, then,

: 1. :
P5+TD PZ = s "“*JF*-I:"‘I‘GT -%."— é 1]' * - B x m B Emor T B ( 1 - 1 1-::l
X +10 X . 1 « 10" x+& 3
X+ 5

which is the probability that a person exactly ased T+4  will
survive for 10 years. This 10-ycar survival prouabilicy may be
used to estimats S5-ycar and onc-ysar survival srolabilities
(0ffice of the Registrar General of 1ndin, 1854..; Xohli, 1977).
Strictly speaking, for asc below 10 the a"ove procedurc connot
provide the age-specific mortzlity rates (qu cr qx} which
reflects the averege expericnece during the wholo interconsal
poeriod, However, for all practicel wmurposes, tho above Trocedurg
nay be used for estinmating mortality ratos a2t acus 5 and aboves

bacause the nortality ratis g dgr Lys % and q, obtained through
=

5!
the =2bove proccdure by comparing; the two consccutive decennial
census age returns represent the average nortality cxpericncee durins
the period of 5 yeers, 6 yecars, 7 years, 8 yoars and 9 ycars
rognectively before thae dnte of the sceond cemsus. Thus the

nortality rates a2t azcs 5 to 9 de not represent overall rates of
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mortality prevailing during the entire intercensal pericd, but
are based on the actual mortality expericnces of only in certain
portions of the decade (Z, Z+10) (0ffice of the Registrar General

-

of India, 19543,

The above procodurs, however, docs not yield infa;t and
childhood mortality ratces., The estination of thesc rates should
be ftrecated separately since the nature of the mortality curve
during infancy and early childhcod is quite different from that

in other stages of hunan life., In the absonce of reliable in-

; 1
formation on death records by age, various indirect techniquEEHQ/

have been developed for cstimating infant and childhood mortality
rates from the data on children ever born and living. A4 brief
revicew of these techniques may be found later on. Yowever, while
constructing life tables for India, the census actuaries first of
=11, csatimate the 1. function of the relevant 1ife table from age
5 onwarcs on the basis of the mortality rates estimated for the
2328 B and above. The values of lx below aze 5 were obtained by
.Xxtrappdating the lx - curve by fitting a curve of the following
s gt §

o

x
l. = A +H*x + BC +
£ ) nx+1

where A, H, B, €, n and n ar¢ constants.The details of estimation

of the constants may be found clsewhere (0ffice of the Registrar

iﬂ/ In this thesis, a ncw technique for estimating infant and
childhood mortality has beoen developed, based on the popu-
lation in childhood ages (oxcluding the data for infant and
carly childhood ages), overall birth rate, natural rate of
growth and survival probabilitices during childhood period.
Details may be found in Chapter ITII.
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General of India,l1054a: pp.2-3 & ppila—El}. Actual investigation
shows that the valu: of B is a positive lerge numbor and C i=s =a
positive fraction and thus the toerm Ecx diminishes in geonctric
progression with incrcasc in age, which shows that the function.
of C is to remulate the decroase in the oXira childhood nmortality
as age increamscs (Office of the Registrar Goneral of India, 1954a}.

i . % .
The tcrn , which is introduced herc so as to ensurc
nx+1

that a heavy infant mortality, which is charzcteristic of Indian
experience, should become negligibly small when ¥ rTeaches age 5
and this objeoctive is served, if 'n' is takon as 20 (0ffice of tho
Registrar Genceral of India, 1954a), Various attenpts nave also
been madce by other suthoro So estimate by other means the
values of 1_ below age 5 (Lahiri, 1972; Sinha & Lahiri, 1976;

Kohli, 1977; Sinzh, 1981).

(ii) Otk r mpthods of cstimation of mortality
from consus survivasl ratios-

(a) Coale-Deneny Approach:

Let,
EPﬁ dcnote the population in tho age grﬂup(xr 1*1}

according to ccnsus date Z4j;

EPE*'” denote the population in the age group(x, X+4)

according to the next census taken after n—vyears of the

earlier census, where n is either 5 or 10.

In the presence of age mis-repor ting in the census age
rcturns, Coale and Demany have suggested to consider a different

type of census survival ratios based on cumulated populations,
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such as populations at ages O and above, (that is, total popu~—
lations), 5 and above, 10 and alove, 2tc., instead of the usual

X -1l

X
of survival ratiﬂs,l£/ that is, P%;in)+f/xfé5+ » Tun nore smoothly

survival ratios P%+ﬂ;//fpz . They found that thesc new scts

than the usual survival ratios. Realising the difficulty in

tranelating thesc cunulated survival r=~tiss inteo naort:lity ratos sinec
those values are highly dependent not only on nortality at wvarious
ages, but also on the agoe-distribution of the population in question,
Coale and Demeny proposed to project the initial population on tha
Census date Z to the next Census date by applying the survival ratios
of the model life tables prepared by then at various levels. Fronm
2ach set of projected population and the initial population at
various agos, onc can casily obtain n-year cumnalative survival
ratios provided n is cither 2 or 10. By comparing the obsorved
cumilative survival ratios with those obtaincd by projections yith
"Trious nodel life tables one can casily obtain ~ series of esti-
nntaes of the lovel of mortality (ez) through interpolation betwcon
two lewvels, if neccssary. They suzzest that the medium level anong
thc series of the estimates of the lovel of nortality (ez} obtaincd
oy the above procedure nay be considered as an cstimate of the

true mortality level (cg) cf the populsation under study (United
Zations, 1967, pp.57-61). Tha 1life table corresyponding to this
level may be considercd as an approximate lifc table of the

relevant population, provided of course, that the pattern of

mortality particularly during infancy and childhood period

11/ Hencaeforth those new sets of survival ratios will be eslled
n-yoear cunulative survival ratios,
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characterisinz the family of lifce table is vory closce to the
average cxperience of the given population during the period

12/

attenpt has becn nmade to locate a suitable life table age 5

under study. I* may be noted that in this procecdure, an
onwards from the systom of Coale-Demeny’'s model tables such that
the cumulativs survival ratios obtained from tho estimated life
table beginning with age 5 become consistent with the obscrwved
cunulatiye survival ratios but not necessarily consistent with

the age-specific nmortality rates {qu) which is actually pro-
vailing in the population in question during the period under
study;lé/ It can be shown empirically that different combinations
2f the

valucs may lead exactly to the same life table (5-ycar)

l&/{Tx+5 /T -

59

~unulative survival ratios «

(b) Brass tcchnique:

Brass {1975) »nroposed a technique of cstimating lifo
, . : . . Z4n 2
table functions by using the census survival ratlﬁs(5P1+ﬂ /EEPI )

“rom a priori knowlcdge of ELD' If the information on nunmber of

12/ It may be noted here that the tochnique proposed by Coale and
Demeny is not mecant for construction of life table but for esti-
mating overall death rate(strictly spcaking decath ratc at ages 5
and above) and hcnece the birth rate by adding the interccensal
rate of growth to the ¢stimated death rate. However, the un-
certainty regarding level of infant and child mortality nay
affect the estimated death and birth rates. For details sce
the comments made by Coale and Demeny( United NMetions, 1967).

AL |

Using the concept of cunulative survival ratios as suggested by
Coalc and Demeny, a new technique has boen developed in fThis
thesis for construction of 1life table which is not only consis-
tent with the observed cumulative survivzl raticos, but also con-
sistont with the age-specific mortality ratcs(qu) to whie™"
population is cxposcd. For details see Chapter IT1I.

_+/ For details, see the empirical validation of the proposced
technique in Chapter IV,
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children ever born and surviving by age of mother are available,

one nay eus8ily obtain an estimat: of E‘D’ the probability of dying
from birth to age 5 "hrough Brass technique of estinating mortality
from the proportions surviving among children c¢ver born (Brass and
Coale, 1968, pp.88-150 ; United Nations, 1967, pp.34-36; Brass, 1975);

and this 5% can be used to cstinate 5LD lé/. The irrcgularities

found in survival ratios due to ago-misroporting will naturally be
reflected in the valucs of ELx which can be adjusted with the use

of logit system. He also suggested a procedur. for estimaking ELx

function when the intercensal period is not a multiple of 5

(Brass, 1975).

(iii) Other mcthods:

There are several ways of constructing life tables. But
it 18 not possible to mention them all here since it is not the
nain purpose of the present investigation. However, there are some
important techniques which are briefly described in the following
lines,

Arriaga (1966) proposed a tochnique for constructing
life Table based on the age distribution of a population which may

be assumed to be almost stable. The basic equation based on the

15/ Alternately, an estimate of the survival ratio from birth
to the age group (0,4) rtay be obtained from the births during
the five-yecar period prior to the second census. These
births nay be roughly estimated from the knowledge of birth
rate during the intercensal period, This survival ratio

from birth to the age group (0, 4) may be uscd to obtain ELD'
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theory of stable population, for the construction of life tablc

proposcd by Arriara is -

1 r(x+2.5) .

L= =5 ¢ (x, x45).¢

where,

c(x, x+5) is the proportion of persons in the nge intorval
{x, x + 5},

'b' is the intrinsic births rate in the population,
'r' is the intrinsic growth rote of the populsticn,

is the total number of persons in the age intorval

L
57x N
(1 K+5) in a 1ifs talle with radix unity.

Obtaining the estinate of r at census date from intercensal geo-

metrice growth rate and octhor existing estimates of r, the smoothed

values of ¢(x, x+5) and b wore ostimated by fitting the following

tincar equation:

logb l G(%£ I+5):] = logE b - r {x+2.5) ereses (1.12)

57x

In the above equation (1.12), the values of c(x, x+5) can
L2 obtaincd from the consus age return after necessary correction
Zor irregularitics in varicus age groups and SLx valucs were
corrowed from suitablc nodel life table. The other details may bo
Tound elsewhore (Arriaga, 1966 & 1968).

In -another attenpt, Sinha and Lahiri (1976) constructed
-ife tables for the Indian Statcs during 1951-61 under the

assunption that the natural population of cach state is approx-

lazately stable, The technigue adopted by then is described

-
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hricfly in the following lines:

Fron the fundamental equation of stable populations,

it onn be shown that the S5-ycar survival reatio {533) botwoen thec agc

intervals (x, x+5) and (x+45, £410) is given by - -
s _ 5L3+5 _ c{x+5, x+10Q) abdT
* 5hx c{x, x+5)

The survival ratio from birth to the Ega:tﬂ&rmﬂiﬂr 4y is given by -

570 c(0, 5)e’ §

5 e Lo 5.0

=
O-4 B

where ¢ is the mean age of porsons belonging to the age intorval(Cc, 1)
and an approxinatc value of E may be obtainecd from a suitabla

model life table through the following equation -

? = 0.5 * Lo + 3 i de
- L
570

Jsing the above equations one <an casily obtain thc values of 5LK¥5P

all ¥ oxceptin~ for the open agc interval 70 and above. The

value of Lo, ( = TTD) can be obtained by using the following

formula -
3
T - 565+ »* L
70 A _ S 5765
5765+
Jho re 5565+ , the survival ratio between the two age intcorvals 65

and above and 70 and above, can be obtained by the following

Tormnula -

( : -
. c{70+) ) S 22 - e° Y
55654- = =TT5T) Exp Er Sl 5 ( 65 Ca0 )L‘[

where E%E and Egﬂ , the life expectancics at_agea &5 and TO



respectiv:ly, can be obtained from the life table of earlier
decade or from a suitable model life table selected on the basis of

the very rough value of mortality level given by the ratialé/

Il.ﬁ - TT‘Q‘

1
o

1976) .

The other details may be found elsewhere {sinha an Lzhiri,

Before applyiﬂﬁ the technique proposed by Sinha and Lahiri,
it is necessary to smooth the census age returns thoroughly;

 whereas, in the case of Arriaga‘'s method, a suocothed series of

c(x,x+5}is obtained through the linear equation (1.12) after

removing the irregularities of the basic age data.

) It appears

that the smoothed series of the age distribution L& heavilly

influenced by the selection of the values of Slh from model life

tablos or life table of some other population haviag more or less

ine same characteristics as in the population under study. Howvever,

:+ may be noted in this context that the snoothiug procedures of

ize data, in gocacral are rather arbitrary and subjective (United

“~tions, 1967).

1.3,40)Life tables based on single census :

The methods based on the theory of stable population which

~z3 nlready been described in the last section can also be used
sith the information given by a single census on the age-geX

:-stribution provided (i) the population under study can ba considored

— e Sl

s p— Ty, o P i —— e il . — i T

2/ For computing Eﬁﬁﬂ- we need to know the difference 325 - Egj.
It can be shown empirically that the variation in the differ-

cnce over the varioug mortality levels in Coale and Denony
model life tables is guite small.,
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as stable for all practical purposes and fii) the rate of growth
and birth rate of the population duriag the census year are
avallable or could be estimated from the avzilable information. -
However, Stolnitz (1956) has developed a technique of
construction of life table from a siugle census age returns which
does not require the assumption of stability. The basic equation
developed by him under assumption of clossd population and exact

census counts for estimating age-specific survival probabilities,

is given by -

(-5
5Hi+§ o :tE iE' 1'!‘1?.-5 " » 1 = D, 5 R
SH_ - 5 N 5T 5Pi42.5

1 1+2.5

where, EH‘ denogtes the population in the ag&JnELru"(i, i+5}, 551
i
represents the number of births between i and i+5 years before the

=5

census, S, and S. stand for the survival ratios from
i+2.5 i4+2.5

birth to the age-tnferval (i, i+5) on the census dates T and 5 years

prior to the census date T respactively and lastly, 5pi+2.5 je

the probability of survival from thz exact age i+2.5 to the

eXxact age i+7.5.

To solve for P. from thc above equation, ws need to
551i+2.5

- o / / ™5 / T
know three ratios : 5Hi+5f 55 SBi+5/ 53. and S +2.5/ Si+2 5

The ratio ( +5/ 5N ) can casily be obtained from the census

counts. But, for estimating other two ratios, that isg, birth

/

ratio ( 5 +5/ SB_} and survival ratio ( T 2 / . ), we.—"

+2.5/ Si+2.5
need fto have reliable infornation on birth statlstlcalﬁur the
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apecifie years prior to the cansus} which are usunlly very
poor in quality, if available. However, Stolnit=z (1956,

pp-49-94) has suggcsted some approximate procedures for

estimating these ratios. ol

1345 Estimation of jifc 4ible functions duoring
infancy and childhood perxiod.

When life table iz constructed on the basis of census
returns in the absence of reliable data on birth and death
statistics for the population uwader study, it is rather diffi-
cult to estimate the infant and child mortality and, hence, the
other function of life table. However, there are a number of
indirect methods for estimating mortality rates during infancy and

childhood period. Thesc are discussed briefly in the following linecs:

1.3.5(n) Andian official life tables :
While constructing the Indian life tables for various decados
from the age distributiom of two consecutive censuses, the values of

1, below 5 years ar.: usually extended by fitting the following curve:

II = A + Hx + BGK + o
nx+1

Further details have already beon discussed earlier under
section 1.3.4(a) (iii).
1.3.5h) Arriaga's nethod :

In order to determine the values of 1x for 10 years of age
and below, Arriaga, first of all, interpolated certain convenient
values for lI'by gsingle year age groups through the application

of Beers' multipliers (Beerﬂ,1945) GHSEK valuas obtained earlier



by Lrriarcats methot. Thoa, the vzlues of 11, '15 Andc 11{} con b
sstimatc’ from tho reclcvant 13 v~lues throuwsh =~ Shird legrece

function {eriaza, 19683, p.l#).

et

1.3.5.¢c) Sinhao and Lahiri's i Tonch. -
LAftzr obininin~ the volucs of 5, and 5L5 oy Sinha oand
Sahirits (1976) anprooch, the valuss of l1 and 15 can L2 obtained
Lurouzh the Tellowing linenr cguatisns:
L_

Wt

1 = 2.l + {1-a)
o L
ccemape 'a'! and 'L are constonts which can be cegtinnted from a

=--itable 1life table or molal life table.

The validity of the above relationships were ¢Xxanined

zpiric:1ly by Immerwarh o2nd Sinhe (1971).

2

2.3.5(1) Stolnitz's technique:

For cxtending the life table below age 2, Stolnitz (1956)

‘svelepes the folleowinge formula for estinmating survival arobabi~

=

tities for single=yonr age Srouns:

T -1
v B . =
173 41 17 1 41 1+0.5 » - :
- = 2 N * I 1 =D [ d 1-
1|_ﬂi - 1& * ST Pl-H:l'-EF e i
140.5

"o notations used in the equation zl11 rofor to singlo-yoar =a2g¢
‘roups. Xnowing the values of Py, 5 and Py .5 from the above egua—
tiona, P, which is the probability of survival frem Dirth to the

;xact age 1, can be estimated throusgh the followins cguation :



L
> = ._.ﬂ:_____ = 3 CHP 1 1 1 L 2
e - - ' e — whero P = o anoc g = —
L u+byg 0 1 t Iq

ant the ceastants 2, L, ¢ and 4 ~re such that LD = alﬁ + W1, And

-

oy = cl1+-d12. The values of a, b, ¢ and J <2 L abtained fron o

I

- = i~ 1o T L] - ] il
2itable life €able. Vilucs of pq 2 2 arownbility of survival

“rom the exact ace 1 to cxact age 2, crn Lo obtaine” from P, by

.2

Titting o linear regression of p, on », . 17/ "

-

The »robability of survival for the half-year agc interval
ween 2 and 2.5 aay e ostimated froa 1ifs tables solacted on the
"zig of Py anc Dy Therefore, the nuwaiber of survivors 11 . l2 anc
‘_3 5 20 be found Yv succegssive multiplicstion of the survival
»rtabilities by tho corresponding values of 1x stertings with
lt , thz radix of the life table. The num'.r of survivors at

_-tir ages c~a be obtained as before from tac 5 yuar survival

~-t2s (Stolnitz, 1956, pp.25-29).

Z.7.5i{2) BEstiunation of infant an? child uortality from
children over torn and surviving to mochers at
VAarious gquingucnnial g HSIGUuns.

Owing to the Lack of reliablce informstion on birth and death

-~ ~istration st-tiastics, demosraphers' attcution have been focusid,

-~7an%t and child norteslity from the infoermestion on the number

- raildren ever Lorn and surviving te nothers at various ages

_T Laslysing the relaticnship between 24 nnd p1 5 with rosoect

<2 2 largs: nwaber of lifc tadles having o broad range of
~srtality condition, Stolnitz ( 1956, 0.27) found that
zoarralations botween them for both the soeXes between Py and
=, arc very closc to unity.

:‘"-1'5
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which ore of better gqunlity than the eivil registration statis-

tiecs and mostly available from census aad/or dewographic survey.

The ‘pioneering work in this field was cnrried out in 1968 by
William Brass {1963, pp. 104-120) and subsequently nmodified and
rcfined by Sullivan (1972), Trussell (1975), Prestoa and Palloni (1977},
Feeney (1980) and Palloni (1979, 1980 =ud 1981). These methods

are described very briefly in the following parngrnphs.

The Brass's technique for estimating infant and childhood
mortality essentially consists of coaverting retrospective
mortality stoatistics ,the proportions dead among children born
~live to wonen at various ages starting with age 15, into
probabilities of dying from birth to various exact ases in
~nfancy and childhood which in life table terminology are denoted
b x%o . Brass developed n table of multipliers, dependent
>n  some assuned shape of fertility schedule of the population
n question, for transforming the statistics on proportion dead
[Di) among children ever born reportsd by women in the quin-
juennial age-gicups (1) 15-19, 20-24, 25-29 and 30-34 into
~poroXimate estiantes of Uy * 29, * 395, and 5% ruquctively
(3rass and Coale, 1968, p. 198). A set of nmultiplying factors
=2y be selected on the basis of the index P, / P, , the ratio
T the average number of children born to women in the age group
(15,19} to that of the women in (20,24},nr n , the mean age of
Tertility schedule, Brass's approach rests on two basic assump-

tions, nanely (i) mortality has remained unchanged in the recent
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past and (ii)the wonen belonging to various age groups have been
exposed to the same fertility regime. Later on, Sullivanl (1972)
made an zttempt to improve the Brass's multipliers by exaniug

the relatioaships between Di and L thirousii regression analy-—

sis. TFor this purpose, he used observed fertility distributinﬁs
instead of the fertility schedule suggested by Brasstﬁé (1968),
in combination with the model life tables prepared by Coale and
Demeny (rather than a fixed mortality schedule). After a good
deal of caleculatioas, he found that the fertility parameter
PE/PE' the ratio of the average parity of women aged 20=~-24 to
women aged 25-29, produce better result than the Brass parameter
?1/PE' Suliivan finally concluded that though the Brass-multiply-
ing factors produce satisfactory results, but the regression
equations provided somewhat better results as well as a simpler
procedure for ohtainiig the estimates. Trussell (19?5) found
that the Brass Tertility model and sullivan's observed fertility
schedules, which were gathered by the Princeton QOffice of Pop-
ulation Research, were of restrictive naturc. He, therefore,
used a set of model fertility schedules, developed by Coale

and Trussell (1974), whieh takas into account the wide range of
variation in fertility pattera to test the nerformance of the
Brass model compared to that studied by Sullivan (1972).

Prussel (1975) commented that the new set of the multiplying
factors doveloped by him as o vesv l £t of the test are signi-

ficantly superior to those provided by either Brass or Sullivan.

18/ The Brass Fertility Schedule is defined by =
£{x) = K.(x=s), (s+33~-x)°, for sfx Lseid
O , otherwise
where 8 is the earliest age of child~bearing and ¥k is
oenle" factor that determines the total number of children,
ever born by the end of childbearing (at ag2 s + 53 ).

I
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The Brass tochnigue and its subsequent modifications
by Sullivan and Trussel rest on the nssumption of constant
mortality and fertility schedules in the recent past. But
thco above techniques fiz1l to provide reasonably good estimates
of mortality levels when the population under study is
disturbed by any of the feollowing eclements - (i) fertility
trends, (ii) uvmucual fertility patterns, (iii) flows of
woinen amoing social categories, (iv) nmis-statement of
women's age, (v) snall size of revnorting women, {vi) uncertainty
about the ap»ropriate model nortality patiern and mortality
trends. Preston and Palloni (1977) developed & technigquo of
reducing the errors from these sources when the data are
available on the ages of surviviag children born to reporting
women. The basie approach involves backward projection of
surviving children by age until one has reproduced the
reported number of children ever LOrn. The a-~c distribution
of the living children born to mothers at various 2ge groups
may be obtained by matching children to mothers as per tiic
census houschold records. If it is possible to match accurately
all the surviviag children %o thcir respective mothers, the
technigue suggested by Preston awd Polloni is expected to
nroduce better result than the conventio.:al one proposed
oy Brass which, of course, requires minimal informz2tion for
converting the proportion dead to the corresponding probabi-
1lity of dying below certain age. Using regression tecliquec

for predicting mortality on the basis of age distributions



of surviving children born to mothers ot various age groups,
Preston aad Palloni indentified the zge grouvps of iiothers tha t
provide best c¢stinates of mortality among children below certadin
age. Various sets pf regression nodel vere generated taking

into account the mortality pattern of Coale-Demeny model life
tables and various models of fertility history produced by Coale
and Trussel for the purposc of predicting mortolity among children
below certain age. Aftoer a good deal of empirical calculations,
Preston and Palloni (1977)found that in the absence of knowledge
of actual wmortality pattern of the population in question, the use
of the regression modal under the assunption of West mortality
pattern will produce reasonably good estimates of child mortality
(with a small margia of error) conpared to other models provided,
of course, the actusl mortality pattern belongs to any of the four

mortality pattern considered by Coale and Deneny {(1968).

Under the assunption of constant mortality and fertility
in the rccent past, the Brass estipates of infant ané child
mortality refer to tho time of census or survey which provides
the basic Brass—type informatiou. But, when mortality is declin-
ing, these estimates no more correspond to the time of the census
or survey, but they correspond to the pericd few years prior to
the census Or survey, as pointed by Brass (1968, p.115). Consi-—
dering the conventioanal Brass-—type informatica, Coale and Trussel
(1978) developed a technigque to determine the period of time
(rather timnn the cohﬂrt) for which thco Brass estimates of mortality

correspond. The mortality patterns of Coale-Demeny nodel life
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tables and Coale-Trussel fertility models were used to gensrote
the Brass-type data. In another attempt Feeney (1980) has carried
ocut similar experiment on the basis of Brass's general standard
nodel life table fanmily and the fertility polymomial sugzested ’
by Brass (1968). He presented various values of infant mortality
rate and the years prior to census to which the infant mortality
rate corresponds in a tabular form - for various values of the
percentage of deceased children by age group of women (Qi) and

the age at onset of child~bearing(s) with the help of the follow-

ing equation :

n(i
qi = £ L {1':15 r Iy "u"f) . Gi(t)' i = 1,2,.-..-1‘}-

vnere Qi denetes +the proportion dead among c¢hildren born alive
to women belonging to the i-th age group, ci (t) represents the
rroportion of all children born to women inthe i-th age group

“no were born during the t-th year pricor to the cansus ar survey,
'w' iz the infant mortality rate at the time of the eensus anéd
'r' denotes the rate of linear decline in infant mortality rate
cer year. This table is quite useful for analysi g the trends in

~-afant mortality in some populations (Feeney, 1980).

Under the assumption of linear and non-linear decline in
~ortality, Palloni modified the Brass technique 2and presented
zlternative approach for estimatiné infant and child mortality. He
~2s presented a procedure for obtaining tho number of ¥Years prior

*3 the ceonsus to which the level of mor&ality, estimated under
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the essumption of coastsncy of fertility, corresponds ({Palloni,
1979, 1980 and 1?89.

{1 =noch.r stuly, Rcy and Gotpasar {1976} sropesad a MLCro

simulation mod:l to usscss the affectivencsa oY the technigues
and Trusscl (discussed z-rlizr), uncar

wortrlity over time

suzrested by 3Brass, Sullivan

¥

e yerious ossuabdbions ragarclng ehenses in thoe

~nd in recall lapsc wcrreors. This study revonls that Sullivan's csti-

-rtes arz affcceted nora Ly tac incidence of rocall lopse. Thi=s 1is

hoacnuse the Sullivon's technique nns A tenloincy to unerstate

ul
r

+

gy I xqg values ov.on ia thoe abscence of ruc~ll lapse. Latcer on, it

additional

sns brought out by them in ancther wnnper thot Tthoe usc of

:nfarmation on children 2ver Lorn and surviviaz during tTho 1ast ©

-2ars to mothers in tho reproductive azcec spal, inproves the csti-

- ntc of infant mortality (Roy and Gotpagzar, 1978) .

In an ancthor sttempt, Muk:orji (1977a) develiopst a linear

~- rpamming technigue for cstimating infant mortalitly ratcs (IMR)
- age of mother and on averall cstimate of 133 on thz besis of

Tvngs—type information. There arc number of studiss regarding the

~-nluns of estination »f averall ané infant asrtality ratos fron

. msus and survey data (Ramachandran an® Nair, 1572, Ramakuaar, 19723

mickn and {enitkar, 19733 Ruzicka an’. Hansluw'-~, 13835:

1 r;:,"i-'g " "FIIti':’._‘f ;111&"'!31-5',!1 and I 1l tlcar y 1 E}T :)ﬂ

Lry

TLnivasan,
Tablces for

1.4, Basic Problcecmas of C netruction of Lifc U=
Dovaloping Countbri and Objoctives of the rroser nt
- _—w‘- S ———
Iavestigation
L e-tela Tha basic »Hrolel
In many develaping countrics of tho sr:sent world vital
- _.sistration statistics are sxtremcly poor, 2ot only in terns of

--=lctences, but also in torpe of coverage of e aren undor

--2lv. hAccording to Unitcd Hations and Terld Hoenlth Org=-nization,
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accurate registration of vital events is nainly restricted to the

nore developed countries which consist of less than one-third of

the world's population . furthermore, the situation regarding registra-
tion of infant deaths is much more grave, about 98 per cent of "tre
world's infant deaths remain unregistored (United Nations & .H.0.,
1973). In India, for example, even though the systen of registering
births and deaths has becen in operation for more than a century,

yet the vital registration is far from being satisfactory (Office

0of the Registrar General of India, 1972). The und 2r-regigtrotion oi
deaths during 1969-70 in urban arcas of Maharashtra, an Indian

State, where regisiration is relatively better conpared to tﬁat of
other States (urban areas), was around 30 per cent (Rﬂnganathan, 1974},
Thus, one nay casily inagine the situation in the entire country
(21l-India urban and rural combined) with more than 80 per cent

:f the people living in rural éreas where conditions are relatively
worse, 'he magnitude of under-registration would be very large.
Comparing the Civil Registration death rates with those of

Sarple Hegistration System (SRS), Dange (1977) found that the sercent -
23es of deaths under-reported in civil registration in 1969 were
zround ST‘and 35 in rural and urban India respectively., However,
tnere is a general feeling that SRS deaths are also uitder-registered
S0 somle extent; if it is so, then the under~registration of deaths

¥ the civil registration would be more than the above-mentiocned
flgures. 4An evaluation of birth and death rﬂgistration in Indin
Iuring 1961-71 was carried out by the Office of the Registrar

Jeneral of India (1980b) though Brass technique (1979b)s and this
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study showed that about 54 per cent of the deaths occuring in
India (excluding the two States - Orissa and Rajasthan) were
under-reported in ¢ivil registration. The state-wise variation
in under-registration of deaths is quite revealing - it is as
high as 94 per cent in Assam and about 235 per cent in Maharashtra
(0fficc of the Ropistrar General of India, 1980, p.2). However,
one may foel when there are a number ol methods available, as
mnentioned before, to adjust the faulty death records why not

use them to derive, if possible, fairly reliable nge—-apecific
dezath rates which are fundamental for the construction of life
table. It may be noted that the methods develoned ac far for
estimating complcteness of death reogistration are based on the
assumption of constant rate of under-registration over ages, aund
in addition to this, some of the methods assume stability of the
populations under study. The assunption of constant uuder-
registration rate over ages which is the most crucial assumption,
needs more Jjustificstion. Dange's (1977) study on under-recgistra-
tion of deaths in India by age in ecivil registration in couparison
to that im SRS shows that the extent of under-registration
dcereases with age; this finding contradicts the assumption of
constant rate of under-registration over ages. In this context,
the commnent mande by Preston and others (1979} is pertinent:

"If the sane tendency for increasing registiration completeness
with age occures in SRS, then all indirect completeness estimates
for SRS are Hhased upwards". Moreover, it is a well-known fact

that in many developing countries, the¢ census age returns are



heavily affected by a2ge-nisrepcrting. The Indi=i;: cenaus age
returns show a nmarkzd evidence of such kind of error in age-
reporting. HNow, question nay arise , if the census age refurns

are seriously afiected by age-misreporting, how far are we Jjustified
to vse various indirect nmethods of estimating the rate of comple~
teness of death registration ? While eXaming the extent of
under-registration of deaths in India duriang 1969-72 through SRS
data, Preston aad others {(1979) found that the general levels

of death registration conpleteness become more than unity in many
cases, particularly in the Brasa's and Martin's technigques. The
authors c¢xpress their doubts regarding usefulness of these methods
in a situation of such scricus age-misreporting which character-

ises the Indian censuses.

From the foregoing digeugsions, it appears that in countries
iike India, where death registration statistics are extremely
nooriin quality, the direct method of cﬂnstruqting life tables
¢y compariang the deaths in an nze scctor with the relevant exposed-
To-risk populaticn is ruled out. Therefore, the 1investigation
“ato the mortality expericnce of the population under study
“oving very poor quality of death records has to be made through
zorte indirect method based on census age-returns only. DBut, in
~ddition to very poor quality of denth registrntion statisties,
wnuin the age distribution of the population under study is also
severely affected by nge-misstatements, the conatruction with high

——
zertainty of ~ fairly precise life tnble is, in n sense, extre—"

-

Loly difficult, Ewen then the noecd for l1ife tables is so groo
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in social and economic planning that one has to atteupt at obtainiuve
ag good an approximation as possible, However, i2 general, it is
found that in many of the developing countries, the census age‘re—
turns are relatively much better than civil regisiration statistics
at least in term of completeness and coverare. Thus, for constru-—
cting life tables of these countries, one has to depend upon census

age~returns only.

The observed age distributions of such countries obtained
through population census are so much distorted by age-nisztatenent
that the survival ratice, based on guinquennial age groups, computed
“roum two consecutive ceasus age distributions are usually also highly
Zistorted. The order of distortions which willbbe digcussed in greaterxr
ietalls in the next chapter, is in general so high that it cannot be
ised for the purpose of construction of life tables without making
any adjustment to these ratios. Thus, before applying any technigue for
sonstruetion of life tables , the age distributions or the raw survival
ratios have to be adjusted so as to remove the effects of age-
“isreporting. It is worthwhile to mention here that in the presence
> Berious distortion in census age-raturns of a country, the
procedures usually adopted for adjusting the enumerated age-data to
r2nove the effect of age=-missreporting are rather subjective and
“rtrtrary. Thus the age pattern of mortality emxbodied in the life-
able estimated from the two consecutive cenuses of the population
2aderstudy is heavily influenced by thce smoothing procedure adopted

o remove the effect of age-misraporting. Coale and Demeny (1967)
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observed that if the census survival rrtiocs, not of the usual forn, are
obtained from consecutive decennial ecensuses as a ratiaiﬂ/ of the
pepulationstage x+10 and above in the sccond census to that at age

X and above ia the first census, the effect of age-misrepartiﬂé

reduces considerably. This will be discussed in more details in

the following chpater.

1.4.2.0bjectives of the present study :

The discussions in the foregoing paragraphs reveal that
in the presence of seriocus age-misreportiang in the census age-
returns, it is quite difficult to construet a precise life table
since the smoothing precedures applied on the age data to remove
the irregularities due to response biases in age-reporting are
rather arbitrary, subjective and even sometilles heavily influenced
oy personal judgement. Then, there is every possibility that the
actual mortality schedule, acting ¢» the population during the
periocd under study, may get vitiated by such an adjustment of the
basic age data, Therefore, for developing nati oas, whose age data
are neavily distorted by age-misreporting, it is necessary to
levelop a technique for ceilstructing life table which does not

require through smoothing of th: age data.

— i " —— i, —— — ] T el iy S duin

19/ Henceforth, this ratio will be called 'ten-yeazcunulative census
survival ratio!' to distinguish from the usual form of census
survival ratio. It may be noted here thot the cumulatiwve
survival ratio does not mean cumulation of the usual form of
survival ratios, but it may be obtained as a ratio of cumulated
population (at ages O+ , 5+ , 1D+...........) in two consecutive
censusesg.
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The concept of cumulgtive census survival ratios
introduced by Coale and Demeny, has been used in a special way
nere tg develop a new technique for the construction of life
table _g/abnve certain childhood age through an iterative procedure,
from the enumerated census age distribution of two consecutive
zensuses, An attempt has also been made here to develop a tech-
nigque for estimating the probability of survival from birth te the
cnildhood age above which life table cnn be obtained through some
1terative procedure. It has also been shown here how this pro-
tability of survival from bith to some childhood age can be utilized
to estimate infant and childhood mortality rates. The methodological

details of the various steps along with various assumptions involved

in it are discussed in Chapter III.

In a nutshell, the technique developed hore for the
construction of life table beyond certain childhood age may be
oroadly divided into two steps. In the first step, 1lO-year
cumulative census survival ratios (10-cum-LSR) are convertedidte 10-yea¥
cvmulative life table survival ratios(l0-cum-LSR) under certain
assumptions and in the second sle€p under certain condition
the se lﬂ—cum-iSRs arez used to obtain survival probabilities
(that is, 5Py in life table terminology) which determine a
life table uniquely. In the presence of heavy response biases

i

gg/ Coale and Demeny (1967) gave some vague idea about construction
of life tables from this lO-year cumulative survival ratios
through the use of model life tables prepared by them. For
detail discussion, see the section under the heading “other
methods of Estimation of Mortality from Census Survival
Ratio"
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in age—-rporting in the censuses of developing countries like India,
the assunptions involved here to construct life table from the
observed 10-cum~CSRs seem to b2 reasonable and more scientific
than the usual procedure for constructing life tables from the
two consecutive ceonsus aze-returns after adjusting the cnumerated
age—data for age-misreporting through some massive smoothing
procedures which are usually rather arbitrary and very much
subjective in nature. The effects of different smoothing
procedures so as to adjust thé basic age-data, which are heevily
distorted due to age-misreporting are discussed in detsils in the

next chapter,

It should bte emphasised here that by no means ona may
¢laim that the method, developed here,' is the best and when applied
to some faulty age-data of a population produces fhe exact life
table of the population under study which is virtually impossible
to have in the presence of heavy distortion in the reported age-
data mainly due to serious ag;-misreparting. On the contary an
attempt has been made here to obtain as good an apprcximaﬁ;an of
the true life table as possible through a procedurc which does
not require smoothing of the b;sic age-data before applying the
method; and thereby it reduccs to a large ¢xtent the effects of
arbitrariness, subjectivity and personal biases as- frequently
cone across while smoothing the basic age-data. It is werf&-
while to menticon here thnat the relative utility qi#rff | ?
matter of judgement depernding not only upon the 1

and demcrits of the method as compared to others t

the nature of results obtained by its application.



CHAFTER II

IMPORTANCE OF THE CUMULATTVE CENSUS SURVIVAL
RATIOS COMPAREL TU VSUAL CENSUS SURVIVAL
RATTIOS

2.1, Effect of Smoothing of Age-Data on Survival Ratios:

It has already been mentioned in the first chapter
that the census age-returns of developing countries like India
are heavily affected by age misreporting and thereby the census
survival ratios computed from the two consecutive censuses for the
purpose of constructing life tables, will also be heavily distorted.
Zhus with a view to the minimjization of this distortion, usually
the census age-returns are adjusted so as to remove or, rather
—inimize, the effect of age-misstatements before computing the
survival ratios. It is, therefore, worthwhile to examine how far
tre cemsus survival ratios are influenced by the smoothing
crocedure which are rather subjective and arbitrary in nature,
== mentioned in the previous chapter. To exXamine the situation,
:ne may consider the case of India, ag an example, which is the
-z2st populus country in the world after China. Purthermore, it may
¢ noted here that though the system of conducting decennial
“znsuses in India is  century old, still,the Indian census age-
rzturns suffer from serious errors of age-reporting, and under-
:zumeration particularly in the younger ages, mainly due o

==z535 illiteracy. A4 good degal of discussions on plausible reasons

ik
"

age-nisstatements may be found elsewhere (0Office of the

i:zistrar Goneral of India, 1963; Jein, 1980 and United Nations,195%50)
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Table 2.1

Jingle Year Age-Distribution of A l-India Lccording te
1961 Cewnsus for Maleg and Females

2 Population  : Age: Population :4g¢;  Population _

— - E rinle : Female - Hale : Fenele Male ¢ Femslc
5,802,773 6,761,939 31 1,1%3,622 866,121 2 558,795 165,718
1 5,848,438 5,838,989 32 34375,176 2,833,035 63 218, 497 175, 152
2 6,784,946 €,659,344 33 1,186,257 934,171 64 251, 443 272,024

- 7,030,97% 7,115,542 34 1,30C,533 1,126,62° 65 1,75¢,212 1,743, :C
6,720,027 €,539,615 35 T, 623,190 6,049,306 66 199,234 162,719
> 1,879,050 7,365,057 3¢ 2,017,189 1,614,055 67 169,028 137,903
7,186,513 6,803,988 37 1,040,785 834,163 68 232,091 223,340
5,192,107 6,092,289 35 1,972,323 1,856,461 69 116,167 107,766
T4041,637 £€,634,313 32 830,145 725,517 70 1,708,420 1,866,402
781,047 4,793,355 40 8,005,243 7,513,991 71 100, 327 94, 417
T2557,054 £,829,001 41 172,654 531,253 72 209,325 191, 326
31659,710 3,467,972 42 1,644, 390 1,495,954 73 65,073 54, 262
7,036,969 5,711,399 43 720,238 572,540 74 68,540 55,158
2,073,183 3,261,750 44 743,346 611,237 75 €29, 326 €70,152
w9 247,618 3,760,701 45 6,213,924 5:382,152 76 76,453 64,043
32 278,042 3,839,136 46 925,215 721,804 77 G2, 227 30,5584
4,228,373 3,363,656 A7 630,594 519,304 70 T4, 400 71,413
2,332,661 2,267,347 40 1,357,18C 1,243,369 79 33,092 321,203
2,139,432 5,100,020 49 549,531 455,246 on £15,292 T33,24C
2,270,193 2,103,619 50 6,413,213 5,952,573 91 33,1682 3C, 637
5,202,145 7,414,995 51 558,628 424,048 02 48,134 4%, 350
2,390,233 2,155,133 52 1,125,127 849,395 4% 16,776 12,720
2 645,385 4,603,125 53 466,300 336,564 G4 20,584 16,422
2,287,539 2,145,023 54 561,541 437,186 G5 1432, 687 151,045
24 673,445 2,731,422 55 3,208,663 2,935,778 06 16,5653 12,334
Ty 396,675 8,721,559 KC 662,310 521,464 &7 11,726 10,373
2,899,622 2,581,770 57 354, 450 01,040 65 12,322 11,001
2,163,062 1,330,762 58 656,878 564,388 29 8,435 83,536
— 2,799,600 3,827,060 59 311,371 242,602 90 126,462 156,115
<2 1,272,594 1,108,692 &0 #2323,967 4,414,033 91+ 116,799 125,5C0
- 2y 906,855 5,007,656 61 354,446 273,630 ANS 94,766 cl,774
g Total 226,146,171 212,790,717

@Xcludes 297,253 persons(147,100 pales and
N.E.F.d. for whon ALl =-Indi~ Jensus Schedule wns

I-:2: The sbove age=dnta
159,753 Feanles) of
noet canvnaassel,

T2 s: Qffice of the Registrar General of Indin, 1964, Sscinl and
Culturel Tables, Census of India, 1961, le.I{Indiaﬁ, Part-II-C(4i),
Governnent of India, pp.412-413,
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Table 2.7

3ingle Year Aro-Distributions
to 10

of All-Indin jccording
71 Cengus for Males dnd Feuales

Population ﬁﬁgcf; Populetinn _ﬂﬁgcﬁ Population

- . —
i Male ¢ Fenale s Male : Fennle : :  ilele : IFemale

i SRR N AR NI s el sin e - - -
7,306,375 £,213,147 31 1,153,107 025,392 &2 636,727 566,07
5,545,343 5,432,239 32 3,833,043 3,449,967 63 277,70 216,222
2,042,528 0,563,675 33 1,351,945 1,196,204 64 202, 354 225,275
, 749,966 8,796,254 34 1,409,312 l,32ﬂ,?2& 65 2,637,235 2,531,553
1,753,204 G,BSﬁ 5 35 10,144,101 243,220 65 240,521 205,556
1,555,939 3,045,342 36 2,254,109 1,}1&,;71 & 215, 64T 171,50
145,418 8,606,578 37 1,316,105 1,174,07¢ 68 335,;1; 317,508
7,242,941 ?,41?,0&1 30 2,613,744 2, 5?4,g€1 &5 146, £50 132, 0T
235,576 &,952,505 39 928, 269 DL3,224  TO 2,445,330 2,332,522
I,Eﬁ1.123 5,974,329 40 19,378,330 9,412,737 71 145,329 J7,11)
S, 5,209 9,435,240 41 33,348 591,505 T2 26,727 213,043
L, 301,826 4,613,011 42 2,229,550 1,711,255 73 91,97 £1,5 2
510,728 7,353,961 4 361,051 725,292 T4 87,722 0%, 5607
=, 277,133 4,801,757 44 GGG, 338 639,074 T5 872,823 ThE, 32
©,200,400 5,469,761 45 8,277,400 6,326,281 76 97,00 775975
,“35,342 5,336,306 46 1,049,004 (135,231 71 51,503 37,714
: ﬂ1; 323 5,105,332 4 308,055 619,302 T8 95,953 31,20,
T, 34,066 3,060,258 48 1,740,767 1,547,527 19 36,104 373,373
*2 A6 4,148,471 49 591,674 400,002 20 624,611 554, 657
:.}E,.?:4 2,507,957 52 8,163,176 T,202,7L6 &1 35,7583 2C,537
T,253,758 2,117,031 51 552141 308,722 42 55,142 IR
S _2,35 2,513,656 52 1,284,470 061,163 U3 21,456 15,72¢
-y T r| 453 51 33'&'1505 53 521 1333 ..-?961749 'D‘“ﬁl' 23! ‘1'1"1' 2,:,-.“?4
Z,.22,597 2,593,100 54 593,559 465,6ﬂ7 L5 23,7259 209, CT4
3,005,200 2,966,693 55 4,535,007 4,031,379 o6 0,973 17,001
JIUELI6T G662, T34 56 774,721 ﬁob,;jz' a7 17,138 13,307
=,120,205 2,861,354 57 435,161 322,751 80 17,754 15,591
. ‘:f 505 2,067,843 53 613, 690 735,533 75 15,272 .21
75,758 1,655,355 5% 317,631 251,023 10 162,177 154,240
.33, 542 1,204,830 63 5,916,196 5,633,567 91+ 157,293 168,576
154 10 972,5?3 £1 522,344 247,070 KNS 6E, 230 62,025

To tﬂ: 2:4: "3'1]-9;27’5 261-1 llﬁgﬁTE

: : 0ffice of the Repistrar General of India, 1976, Social and
Cultural Tables (Tahlﬂ C.II, CwITI, Part A & B ond c-IV),
Serics-i, India, Part II~C(11), Government of India.
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FTGURE 241

Population by Single Year of Age, All—-India -
Males, 1961 Census

- Fine lines with frequent ups
95 and downs indicate enumerated
90 - single year agce-returns,
e Thick line shows the adjusted
85 ] age-distribution by gingle
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FIGUE - 2 L] 2

Population by Single Year of Age, All-India,
Males, 1971 Census
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and downs indicate enumerated
single year age-rchturns.

Thick line shows the adjusted
age=-distribution by single year
of age obtained by census
actuarye.
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2.1.1. An jllustration showing the effect of saoothing on .ge
ziructure and census survival :ratio by ising Indian
census age vYeturns:

The single-year enumer&téd age returns for Indian
—ales and females as well as the corresponding smoothed age
~istributions obtained by the Indian census actuaries according
o 1961 and 1971 Censusces are presented in Tables 2,1 and 2.2
~espectively. These tables clearly show that the age returns in
-ndian censuses ore heavily distorted by age-missstatements, In
>der to have an overall idee at a glance rzgarding the extent of
zze-misstatements in Indian census age-returns, the single-year
snumerated age data for Indian males according to 1961 and 1971
-+n8usoes are presented graphically in Figures 2.1 and 2.2. Fer “he
zirpose of wvisual comparison the smoothed singlc-year age distri-—
titions for Indian maeles in 1961 and 1971 Censuses are superimposed
“~ the corresponding graphs shown in Figures 2.1 and 2.2. Similar
7 pe o£ age distortion is also found among Indian females {not
sZown graphically). The graphical representations of the enumerated
== Well as smoothed single-year age data for males, shown in Figures
.1 and 2,2, clearly indicate that very drastic and rigorous smoothing
:Tocedures are required to obtain the smoothed series of single-
7:z21 age data after removing the effects of such serious errors in
zze-reporting. Thus, when the census age-returns arc notoriocusly
::storted by age-misreporting, one may naturally sugpect that the
=2 justed age distribution of a population may depend heavily on
2z smoothing procedures applied to the raw age data so as to

T==ove or minimize the effect of age-misreporting. Such possibilitics

=72 discussed in the following paragraphs.
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Table 2.3

All India Adjusted Population in Five Year Are Groups for
lales and Females obtained by Mwo Diffzrent Procedures
of Adjusting Enumerated Age Returns according to 1951 Census

A

Adjugted Povulntion ol 1951 Ceonsus for

e—LGToun ﬁﬁ;gﬁ_gbtained by g Femalcs obtainod by

- '__gﬂensus ﬂctuaryf Xohli Ccasus Actuaryi Konhli
o= 1 38,098, 40C 39,113,382 33,017,700 33,834,830
8-12 21,826,100 21,552,330 20, 608,300 20,652,928
13-17 19,456,500 19,126,960 18,191,900 Y1, 747, 440
1822 17,042,500 16,960,160 16, 401,900 15,441, 677
23-27 15,319,100 14,972,934 14,822,700 13,815,138
28-352 13,985,800 13,177,819 13,137,700 12,275,137
33-37 12, 460,500 11,583,964 11,308,200 10,819,040
3E8-42 10,787,400 10,031, 611 9,558,700 9,428,735
3-47 9,128,700 8,585,000 8,048,900 7,918,524
-5~52 7,460,900 7,231,077 6,664, 10C 6,652,681
2257 2,7789,70C 59903,380 5,227,400 2,492, 681
z8-62 4,312,800 4,633,061 45,149,800 4,390,941
33-67 2,927,500 3,425,099 2,933, 600 3,483,149
3+ 4, 690, 800 6,989,923 9,540,200 11,559,089

172,512,900

il el o A e el el i,

ST 123,280,100 183,286,700 173,512,000

i, L O I I R e o T

Sote:* This age-grouping is adopted by Kohli for presenting the
smoothed end graduated population of 1951 and 1961 censuses
and for the purpose of comparison thc smoothed and graduated
populations obtained by the census actuary arc alsc grouped
intc the same ago-groups as adopted by Kohli

(i) Office of the Registrar Genersl of India, 1954, ARe -
Igble <~ 1951 Census, Pgper No.3 of 1954,

Government of India, New Delhi, 1954, Table C,
PP. 144-146, and

L
f

(3
LLE

(ii) K.L. Kohli, Mortslity in India: A State-wise Study,
Sterling Publishers Pvt, Ltd., New Delhi, 1377,

"Appendix', Table C-1, p.212,
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Table 2.5

All India Adjusted Population in Five Year Arse Groups for

Hales and Females obtained by fwo Differcnt

Procodures

of Adjusting Bnumerated Age Retwrns according to 1951 Census

Adjusted Population o 1951 Consus for

Females obtained by

Males obtained by

\3e-Group g?ensus Actuary: Xohli casus Actuary: Kohli

o= 1 38,098, 400 59,113,382 33,017,700 53,834,840
8-12 21,826,100 21,552,330 20,608,900 a0, 652,928
13-17 19,456,500 19,126,960 18,191,900 17,747, 440
18-22 17,042,500 16,960,160 16,401,900 15,441,677
25-217 15,319,100 14,972,834 ©, 822,700 13,815,136
28-32 13,985,800 13,177,819 13,137,700 12,275,137
33-31 i2, 460,500 11,583,964 11,308,200 10,819,040
36~42 10,787,400 10,031, 611 9,558,700 9,428,735
4547 9,128,700 8,585,000 8,048,900 7,918,524
48-52 7,160,900 7,231,077 6,664, 100 6,652,681
23-57 5,783,700 5,90%,380 5,327,400 2,492, 681
>8-62 4,312,800 4,633,061 1,149,800 4,290,941
63~6T 2,927,500 3,425,099 24933, 600 3,483,149
68+ 4, 690,800 6,989,923 9, 340,200 11,559,089

Note:* This age-grouping is adopted by Kohli for presenting the
smoothed end graduated population of 1951 and 1961 censusss
and for the purpose of comparison the smoothed and sraduated
pecpulations obtained by the census actuary arc alse grouped
intc the same age~groups ss adopted by Kohli

(i) Office of the Regigtrar General of India, 1954, ARe-
Igble =~ 1951 Census, Pgper No.3 of 1954,
Governmnent of India, New Delhi, 1954, Table ¢,
Pp. 144=146, and

ot T 183,286,700 183,086,700 173,512,000 173,512,000

zource:

(ii) €.L, Kohli, Mortality in India: A State-wise Study,
Sterling Publishers Pvt., Ltd., New Delhi, 1977,
'Appendix', Table C-1, p.212,
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Table 2.4

4l1-Indiz Adjustod Population iiFv: Ye- » Agc Groups for !lales
2nd Fonales Obtained by Two Different Proccdurcs of Lid justing
Bnunerated Age Returns Lecording to 1961 Consus

el

il -l

_ Adjusted Population cof lﬁﬁl_ﬁensué_far
Mele obtained by

: Female obtaiped by

0- 7 54,883,100 54,420,930 53,446,600 52,774,706

8-12 26,972,900 27,034,512 25,767,600 26,574, 640
13-17 23,412,800 23,955,808 22,062,500 22,983, 44
18-22 20,424,100 21,130,432 19,308,100 19,860,176
23~27 18,295,000 18,514,848 17,274,700 17,069, 696
28~32 16,518,000 16,083,882 15,537,200 iy 680,922
33-37 14,461,700 13,896,176 13,063,900 12,562,753
38-42 12,343,000 11,881,039 10,826,700  10,7.2,224
43~47 10,412,300 10,063,171 9,036,200 9,056, 454
48-52 8,547, 600 8,381,492 7,412,700 7,564,615
53-57 6,743,900 6,819,401 5,927, 400 6,147,174
5§62 5,023,300 5,364,488 %44 526,900 4,827,857
63=67 3, 470, 400 3,946,663 5,323,500 3,603,032
68 + ¥y 304,900 4,320,145 4,752,600 010,832
Total 225,513,000 225,812,937 212,458,500 212,458,559

SATCed

- W ks S - 'H'—'-'-'—-Hi"'*ﬂ'—-!-—-——-l-ﬂ—-ﬁ-ﬁ—ﬂ*—-ﬂﬂm_hh——iﬂ—h—.-—-—-‘—

e¢: * See footncta of Table 2e3

(1) 0ffice of the Regisérar General of Tndia, 1963
hAge~Tables - 1961 Census, Paper No.2 of 1963,
Govermzent of India, New Delhi, 1663,

(ii) X.L. Kohli, Mortality in Indis: A Steto-wise Study,
Sterling Publisucts PV, Lid., Now Doihi, T977,
'Appendix', Teble C-1, p.212,
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The Tables 2.3 and 2.4 give two sets of smoothed age
listributions for all-India males and females obtained by two
2ifferent procedures for adjusting the 1%%1 and 1961 census age-
rcturns. In one of the procedures, Kohli (1977) obtained smoothed
3¢ distributions for males and females according to 1951 and
251 Censuses by applying the technique developed by Chanana and
:<ners (1969), and the other sets of adjusted age-sex distributions
vore obtained by the smoothing technique proposed by the then
:znsus actuary of India (0ffice of the Registrar General of India,l454¢;
~26%), The essence of the method developed by Chanana and others
=z that it takes care of large deficit or excess in guinquennial
-2 groups due to shifting of persons in the ages 10 and above by
——zing age ratios nearly 100; the remaining errors were sought to
2 renoved by obtaining population in single-year ages and applying
Tz 1T certain sumnmation formulas so as to obtain smoothed series
=7 single-year age distribution. l/ The technique mentioned abaove
z=-vides smoothed povulation by single-year of ages starting with
==z 85, Further details of the procedure may be found elsewhere
—znana et _al., 1969; Kohli, 1977). This typc of adjustment in age
:z7z has also been made for many Asian countries where serious
izstortions in the cnumerated age-returns were fourd (Rao, 1971).

The smoothing procedures adopted by the census actuaries

—

2 -ndia to adjust the Indian census age-returns are rather

.

= This mefthod was devcloped when the authors were under training
=t the International Institute for Population Studies (IIPS)
.2arlier known as the Denographic Training and Research Centre),
z2nbay as a part of the training programme at IIPS, Bombay.
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complicated. The details of the methods of snoothing for the
1951 and 1961 census age-returns ray be found in the respective
age Tables published by the Office of the Registrar General of
India (Office of the Registrar General of India, 1954c8vnd 1963).
dowever, the techniques adopted by the census actuary for 1951
znd 1961 Censuses are described very bricfly in the following
lines., In the case of 1951 Census, the single-year age data
wecre first clubbed into quinquennial age-groups starting with

=2z group 3-7 which was considered rclatively satisfactory eompived.te
22 other possible quinary groupings for the preparation of the
a3z Tables. The group totals, based on 3-7 grouping, when plotted
% a graph paper showed a systematic stair 1ike appearance with
—2re concentration of population for groups having a multiple of
-2 at the mid-age than the groups having mid-agze ending with the
~22it 5. The group totals were corrected for such systenatic
-2z3es through a systen of transferring persons fron Eroups

== ¢xcess to those in defiecit. The details of the sygten of
srznsfers may be found elsewhere (Office of tho Rogistrar Gencrsl
== India, 1954c, pp. 12-15). In 1961, 3-7 agc-grouping was also
z--2oted but the group totals were not ad justced for systenatic
:2zs28 through the system of transfers as used in 1951 Census;
r:wever, the single~-year age-returns in 1961 Census were first
==zothed by 11-term moving average prior to forming the afore-
~-Ztioned quinary groups. The other steps leading to the final
z=:cthed single-year age distribution were almost gimilar

= Zoth 1951 and 1961 censuses. The group totals so0 obtained were

—
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further smoothed by taking a weighted average of three successive
stoups as equal to the middle group, the weight being 1 : 2 : 1.
~he finally-adjusted group totals were then distributed into
single~year of agc by using thsa oseulatory interpolation

-

>rnulas developed by Kozakeiwicz in connection with

b

~enadian Census. In 1951, Kozakeiwicz's interpolation fornulas
w2re used to cstimate the population in single-ycar of ages
Zztwecen 5 to 69. The population for age 70 was extrapolated,

-2 population at ages 0 to 4 were kept as enumerated without

=y adjustment., In 1961, aforcmentioned osculatory interpolation
Z:raulas were used to estimate population in single-yecar of ages
cztween 8 to 67. The populations at agcs 68 and 69 were egsti-
—=2tzd by fitting a secord degree curve in the age-range 63 to 67.
== »opulation aged 70 and above was obtaincd by substracting the

=-inated populations at ages 68 and 69 from the cnumerated

-tulation in the age group 68 and above. The population at ascs

> 7 were estimated by a special procedure (Office of the

[
Wi

Z=strar General of India, 1963). Various other techniques,

7= 2lso been developed recently for adjusting cconsus age-

I
|

T==rns suffering from age-nisstatements; the details nay be

-2=% ¢lsewhere (Brass, et al,, 1968; Dyson, 1976; Mukerji, 1977 .

F. e, 1978; Chandra, 1980 and Saxcna and Gogte, 1983 ).

Comparing the two sets of smoothed age distributions
"z 1251 and 1961 Censuses, shown in Tables 2.5 and 2.4, which
m=7T- Jcen obtained by using two differont procedures mentioned

fIT_.l<r, one nay easily find that the two dif ferent smoothing
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technigques give rise to two differcont aze distributions of the

sane population.

Thig gives an indication thet probably ceither

or both of the smoothing techniques, even though with sone

theoretical basis, are not fully satisfactory to depict the true

picture of the age-structure of the population under study

in the -resence of serious errors of agc-rencrtineg, otherwise,

they would have given practically the samce age distribution.

How, let us examine how far the snoothing procedures

affect the ten-~ycar census survival ratios which arce the funda-

nental imputs for estimating the various life table functions.

'he ten-year census survival ratios during the dcecade 1951-61,

cotained from the two sets of adjusted age data (given in

Cables 2.3 and 2.4) arc shown in Table 2.5.

Table 2.5

All-India Ten-year Census Survival Ratios During the Decade
1951~-61 for Males and Females Calculated fronm the Adjusted

sZe~seX Data for 1951 and 1961 Censuses Obtained by Two

Different Technigues of Smoothing the Enuncrated Census Age-

Returns.

All-India Ten-year Cenzus Survival Ratios During 1951-61
Calculated from the Corresponding Census Agc Returns

wZe=Group¥* Sus~thed by

Census'Eﬂtua:y : {ohli

Malc z Female 5 Male : PFcnale
8-12 0.935765 0.936882 0.980424 0.961616
13=-17 0.940303 0.955189 0.967397 0.961812
18-22 0.969224 0.947274 0.948333 0.950734
28=-32 0.88255%8 0.824094 ND.901594 Q.875120
33=37 0.835624 0.799084 0.868716 Q.837085
1347 C.T7T38758 Q.T7T36423 0.T794339 Q.TTE303
18-52 0.6%3283 0.689770 0.741866 C.T25705
53-57 0.9399409 0.623850 0.668543 0.655970

*¥ See footnote of Table 2.3
Source: Computed from Tables 2.3 and 2,4

-
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The data prescnted in the Table 2.5 ¢clearly show that the
all-India age-specific ten-year survival ratios during the periocd
1951~-61 calculated fron the adjusted age data for 1951 and 1961
-cnsuses, obtained by tho census actuary, differ widely from those
varing the same period cstimated by Kohli on the basis of his
adjusted age data for the aforementioned consus yecars. Incidentally
1t nmay be noted that thé census aggc distributions of India and
1ts zonal sub—divisions according to 1961 and 1971 Censuses were
szcothed by differcnt pracadures.g/ While constructing the life
cables for India and its constituent zones for the dccade 1961-T1
1sing the above mentioned adjusted age data for 1961 and 1971
-znsuses, the actuary of the 1971 Census found that in some cases
e ten-year survival probabilitices (1DPE+% ) were close to unity,
vén sometine more than one. Thus, he found it desirable to smooth

—
el . ]

--résh the enunerated age-returns of 1961 Census for some of the

e

-3 where the ten-ycar survival probabilitics were foumd to be

-

-~consistent, by using the procedure adoptel %o adjust the 1971

---3us age-returns (ﬂffice of the Registrar General of India,

=g ey

1__' iely 13-2)-

-~ -n 1971 Census, the 'best quinary age-grouping, where the
-rrors due to age—nisstatements were expected to be considorably

» Was sclected on the basis of Myer's blended sums and U.N.

-ratio score , Th¢ quinquennial group totals, so obtained,

¢ adjusted by the threc-point formula as used in the 1951

1> 1961 Censuses. The adjusted five—ycar group totals were

*en distributed into single-ycar of agces through Grebill's

vcighted average of Spreque's coefficients (0ffice of the

i:gistrar General of India, 1977b, pp. 23-63.)



The foregoing discussions lead to the conclusion that
the gsurvival ratios

in the presence of serious age-nisstatements,

computed from the adjusted age data of two consecutive censuses

are likely to be highly influwenced by the arbitrary and subjective

smoothing procedures which may be applied on the age-data of two

consecutive censuses so as to remove the efifect of age misreporting.
Jow, gquestion may arise, can we tackle the situation without

smoothing the primary age data at least for the purpose of con-
struction of life tables from the age—-distributions of two conse-
When the census age-returns are seriously

2utive censuses?
iistorted due to age-nmisstatements, obviously, the survival ratios

computed from the single-year enumerated age-returns of two
ronsecutive censuses will also be highly erratic in nature. This
z:rratic nature of the survival ratios could be reduced to some

if the enumerated age data of the two consecutive censuses

=xtent,
v=re grouped into quinquennial or decennial age groups before

muting survival ratics. The selection procedure for appropriatc

TN Bp—

riinquennial age—-grouping is described in the following scction.

~.Z,%¢lection of Appropriate Quinguennial Age-Grouping:

Therc arc five possihle systens of 5-ycar age-groupings

-= wnich the lower linits of the first age intervals of the
rT=t2ns are below S-~ycars of age, nancly, 0-4, 1-5, 2-6, 3-7

~8. An arbitrary selection of any one of the aforementioned

-
=

-7T:2r age—groupings may not give satisfactory results with
reduction in erratic bchaviour of the survival ratios

]
=zr=>1 to



- 78 -~

cased on the selccted guinguennial age-grouping. For eXanmple,
“ne Indian Census age-returns arc characterized by very heavy
concentration of populations at ages ending with the digits 'O
and 'S5' (e.f. figures 2.1&2,2), While adjusting the Indian age
~ata of 1951 census, the census actusry plotted the 5-yocar

zroup totals on a graph paper against the age groups with
r2spect to cach of the five sets of quinguennial age-groupings
23 mentioned bofore, and he found that the group total with
rzspeet to 3-7 grouping run more smoothly in comparison to other

croupings (O0ffice of the Registrar Gensral of India, 1954c¢),

-mas, one way of selecting suitable ago-grouping is te plot the
Troup totals against the age-groups for all nossible age-groupings
~21 to choose the grouping in which the group totals run nore
z=oothly in comparison to other age-groupings. This type of
rraphical selection of suitable age-grouping is rather subjective;
z.nce it involves certain annﬁnt of personal judgement in re-
:2znising the smoothnéss o1 the curves of age-structures with
=zspect to various age-groupings. To avoid the personal bias

= s2lecting the suitablc gquinquennial age-grouping among the

Tive sets of age-groupings, a more scientific approach for
s:irccting an appropriate one would be to choose the age=—grouping
= which the sum total (alsgebrais sum) ‘of the digital biases at
rziividual ages included within the group becomes negligibly
:zlljand at the same time the 'extent of inaccuracy!' of the

-scuped age data as per the selected aze~grouping should be
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considerably lﬂw,icnmpared to those in the sther age—-grouplngs.
This type of selection, adopted in 1971 Census of India before
applying certain smoothing procedure to adjust the age data, can
be made with the help of [yerst {1940) "blended" mcasures for
digital prefcrences and age-ratio score, a ncasure of accuracy of
census age-returns grouped into S5-year age—interval proposed by
the United Nations (1952). Before going into thc details of
the selection procedure, one should have some idea regarding
yer's "blended"™ measures and 'U.N. age-ratio score'! which arc

iiscussed briefly in the following paragraphs.

2.2.1., Myers' "blended" .u.asures for digital wrcferencod:

To assess the digital preferences in the reported agces

-n a census or a survey, one may think of comparing the 10 totals
¥ , i ronging from O to 9, where P, denotes number of individuals
-_corded at ages ending in the digit i. But such a simple nethod,
--wover, does not serve the »urposc; sinc> those sums will tend to
:-argase even in the abscnce of digital preference with the
-ivancing terminel digits. This is so, becausc any two conasecutive
-:rminal digits, i and i+l, the population included in ?i+1 is

-na—=year older' than the preceding onc (thet is, thc population
-=21luded in Pi)' To avoid thig difficulty, Myers introduces the
--azept of "blended" sums of populations. To obtain the "blended"

- .= for cach torminal digit, first of all, thec 10-term series of

:-—-s of populations at agcs terminating in the ten digits O to 9



- 80 -

are deternincd separately for the two half - open intervals -

10 and above and 20 and abovez/ and then these two series are

Tuscd into a singlc scries as a weighted su of the two by
assigning the successive weights 1, 2, 3, sveve 9 & 10 to the
Tormer and 9, 8, T, svenssael = 0 to the latter. In the absence

5f any digital bias, the "blended" sums should be. almost sane
Zor the terminal digits. In other words, if the azes are correctly
rzported, the "blended" sum for each of the ten digzits should be
very close to 10 per cent of ftheir grand total. Absolute deviations
“or each "blended" sum from 10 per cent of their grand total, when
zideC together gives an overall moeasure of digital preference known
=5 Avers'! Index which can vary theoretically between O and 180
yors, 1340). Therc arc two other types of measures indicating
:izital bias in the reported ages, namely, Whipple's index (0ffice
-7 the Registrar Genersl of India, 1924), which measures the

-xtent of bias towards ages ending with the digits 0 and 'G5

-2 the other is known as Bachi's (1953) index which is norc or
~:38 sinilar to Myer's index, but theoretically more sourd; but

*s computational part is norc laborious and time-consuming and

=< provides almost the same results in practice, as those obtained

- the application of Myer's index (United Nations, 1955b, p.42).

—

In India, the ago-returns at very old ages arc very unreliable.
Therefore, the calculation for Myers' blended suans for cach of
the ten digits are restricted to the age groups 10 to 69 and
20 to T9.
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2.2.2. Age-vatio scorec as a moasure of accuracy of cznsus
gee-yeturns groupsd into five-ycar agpe-intervals

In case¢, the single-year census aze-returns are seriously
Tistorted due to ago-nmisstatenents, one nay feel that if ago
-ata are grouped into five-ycar ag2 intervals then the inteonsity
:f age—distortion (rather, ago~group distortion) may not be very
g<viousz; becausc the errors (excoss or deficit) at individual agcs
—2y oot cancelled out substantially wiihin th: groups. Therefore,
-t should be cxamined how far in practice those quingqucennial
“Tcup totals of the raw census age-returns can b recgarded as
Tw250onably corroct. PFor this purposc two tests based on age -
cztios amd soex-ratics at various guinguennial age groups, have
--=0 recommended by the United Hations Scerctariat (1952).
iZe ratio nay be defincd as thce number of nersons reported in =
T Tiicular age—group per 100 of the arithmetic ncan of numbers
= the two age groups adjacent to that aze—group. It is calculatezd

:r z2ales and fenales separately. When tho ages are reported

-Trectly, the age-ratios should be very close to 100 unless the
=:zilzation happens to be rathcr abnornal. Thus, any large
~-7iz2%1ion in the age-ratio from 100 nay be taken as an indiecation
:I Lnaccurate ago-reporting and/or onission to the enumeratian;&/
“z2< cffect of the two factors cannot be scparated out from the

m-c-retic, For the purpese of conmparing the cxtent of accuracy

dTion is nceeded in interpreting the results bascd on age—

10s becausc irregularities in the normal pattern of ratios

=y occur duc to factors like war casualities, temporary birth
-=71¢cits or agoc-selective migration: randon fluctustions “ue to
zllness of the total population ay slso affect tho age—-ratio.

Iy
TEIEY,
vt
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i
I
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in age-rcporting among two or more populations whosc primary esge-
returns arc tabulated in the saxc systenm of quinguennial age-
grouping, it is necussary to have an overall ncasure of age
accuracy known as 'age-ratio score! which is defined a8 the
~verage of the absolut: deviations of the age-ratics from 100
=t various age-groups. The other measures -(i) 'sex-ratio scorec',
tased on gex-ratios at successive age—-groups, gives an idca
r2zarding overall situation of rolative age distortions be tween
e two sexes and (ii) 'Joint score' which is a combincd index of
s:Z-wise agc-ratio scores and sex-ratio score. Thase SCOores arc
—>t considered heré.i/

It follows from the preceding paragraphs thet the first
:%:p for selecting the appropriate quinquennial age-grouping is
*: calculate the Myers' "blended" percentages for cach of the ten
-271ts O to 9 from the enumerated age-data of the population under
:7ily. This will help in identifying the ajpropriate grouping,
=% 2f the five possible sets of quingucnnial groupings, VizZ.,
-=<y 1=5, 2-6, 3-7 and 4-8; for which the sub-total of the "blenled"™
“-Trentages correspomding to the five—terminal digits in the
"T-iring is closest to 50 since, in the abscnce of any prefercnce

=°T or dislike to a particular digit, over the others the "blended"

[
-I..l
(]

r the purposc of cvaluation of census age-returns, United
tions have suggested certain standsrds on tha basis of the
—ratio and sex-ratio scores calculated from Swedish

---ulation having highly accurate age data. These standards

== —— the age ratio scoraes of 2.6 for nales, 2.4 for females. the
-% ratio score of 1.5, end the joint score of 9.5 (United
“=zions, 1952, pp.69-70).

LHT ]



_83....

of the "blended" sums for all the ten digits tecen together,

It may happen in practice that the sub-totals of the "blended"
cercentages for more than one quinguemnial age-—-groupings are
very close to 50, In such a situation we make use of the age-
ratlo score which zives an indication of the extent of sccuracy
of the enumerated age data grouped into a specified S~year age
interval. Now, the procedure is to select the age-grouping

out of those age-groupings chosen primarily through Myers'
"blended" measures for digital preferences, that age=-grouping
which records the lowest age—ratio scorc- sometimes, however,

addi tional grounds may tfavour another grouping with a scere
livtle higher than the lowest one.
In developing countries 1like India, where the extent of

agze~misstatements in census age-returns is of very high order,
such a choice of guinguennial age~grouping as mentioned above,
#1ll undoubtedly rcduce the effecct of age—distortion, a2t the
sroup level, considerably; but may not necessarily be sufficient
=nough to cancel out completely the positive and negative effects
-7 single~year age-distortions within each of the quinguennial
sroup totals. For example, while adjusting the Indian age-
“=turns of 1971 Census, the census actuary found that the

6/

zioption of the best age—~grouping reduces the age-distortion

Wnile analysing the accuracy of 1971 census age-returns for
India and its constituent States, the census actuary observed
that the groupings 2-6 and 4-~8,in general, were found to be
suitable in most of the States. The groupings 3~7 and 1-5 were
108t unsuitable in all the States. For special rcasons few
States were in favour of the grouping 0-4 which is most
commonly used in tabulation. For further discussion (0ffice

of the Registrar Genersl of India, 1977 b, p.27).



sonsiderably, but still tho group totals when plotted on a
sraph paper do not .ppcar to run sufficiently smoothly as
shown by some ups and downs in the succossive totals. The
-ensus actuary of 1951 Census adopted the 3-7T agc—grouping
c-r the purpose of adjusting the census age-returns and he
fyund that the population concentration is relatively more in
the age groups whose mid-ages have 'O' as the terminal digit.

-

2.3, Utility of Cumulative Population at Age X in
Estimating Cumulative Census Survival Ratio

Let us assume that the quingquennial age=grouping
starting with the age group (a, a+d), where O £ a < 4, is
-2 most suitable one, selected on the basis of the procedure
—2ntioned in the Section 2.3. It has already been mentioned in
-~= previous paragraphs that in the presence of serious errors
-7 age-raporting such a choice of age—-groupingz is definitely
-z1pful in reducing the age~distortions at thz group level; but
-:re classification of the census age-returns into some suitable
-iinquennial age—-groups may not be gufficicent cnough to remove
--1 sorts of errors duc to age-misstatements. However, the
-rrors remaining after presenting the age—-data in suitable
-—oups could be reduced further to a very large extent by

--nsidering the 'cumulated population at age Ef I/ (where

a, a+h, a+10, ceaeel). It is worthwhile to note in this

i
Il

--nneetion that the 'curulated population at age x! P

- 1
- -

~-wzly to be distorted by age-nisstatements that transfecr

~ 'Cumulated population at age x' neans population at agc X
2181 above.
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persons across age X, but it is not affected by any other forms
of age-misstatements which causes transfer but not

across age E.(United Hations, 1967). It may be noted that the
transfer across age X may be in either direction, and the
direction and magnitude of distortion of the 'cumulated
population' depends upon the net effect of both types of
transfers. It should be cmphasized here that the net effect

of transfers of persons across the age x in the cumulated total
is likely to be controlled to a large extent if x is at an erd
soint of the 'best' age~intervals selected by the procedure

iescribed clsewhere in this chapter.

How obtaininz the cunmulated populations at ages a, a+5,
z+10 etc.g/fﬂr any two successive census dates ten-ycars apart,
“ar exXample, once can casily calculate the 'cumulative census
survival ratios' E/ during the intercensal pocriod as a ratio of
72 'cunuleted population at age X+10' in the later census to
<=2 'cumulated population at age X' according to the carlier
-cnsus. It may bc noted that these ratios which may be called
"10~yvear cumulative census survival ratios'!, arc likely to be

‘:storted to some extant by the joint effect of net transfers

-7 rpersons across age X+10 in the later census and across age

Wnere 'a' is the lower end-point of the age-interval
specifying the 'best' age-grouping.

>z The term 'cumulative census survival ratio' docs not mean the
cunulation of the usual census survival ratios, but it can be
~btained as a ratio of the cumulatcd population at age x+10
n the second decennial census to the cumulated population at
~7¢ X according to the immediately previous census. The term
~2s8 been introduccd here so as to distinguish it from the
isual survival ratios during tho intercconsal period.
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% in the earlier cénsus, but th se ratios renain wunaffected by
all other transfers due to age-misstatement, But, if the pattern
of age-misrcporting differs significantly in the two consecutive
censuses under consideration, then it will be rather difficult
tec compute the 10-yuar cunulative ccnsus survival ratios LQ/

. 10=-cum —CSR). 1f for example, it is found on the basis of
Zyers' "blended"™ measures for digital preference and U.N. age-
ratio score that the age-—-groupring starting with 2-6 is most
suitable for the first census; whercas 4-8 grouping is found to
¢ the best for the second census, then it is not possible to
ttain 10-cun-LSR directly from the cumulated populations of

-n: two consecutive censuses.BPecavse the ages at the end-points
2T the systems of groupings, at which cumulation are to be
-2rriced out, are different in the two censuses. However, this
wo¢ of difficulties can be overcome by making one of the age-—

-

~~oupings compatible with the other and this can be done by
==:pting the procedure described in the following lines. The
~=>up totals of, say, the second census as per the selected 4-8
Touping are kept intact. But the quinquennial group totals of
==- first census according to tha secleeted grouping starting
«27n the group 2-6 are first converted into single-year age
“-EIribution by using Spraguc multipliers or Beers nultipliers

“:r "ordinary" interpolation (Shryock and Siegcl, 1940,

= .2T76-877). These c¢stimated populations at single-yecars of

-- “enceforth, the term 'l0-year cumulative census survival
rztio' will be Jdenoted by '10=cum~CSR' and the usual 10-
year census survival ratios will be indicated simply by the

symbol '10-CSR'!'.
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age are Jrouped according to the 4-8 grouping so as to nake it
conparable with the grouped populations according to the second
census. Now, these new sets of quinquennial group totals per-
taining to the first census together with thosce of the second
census may be used in the standard way to obtain the desired

'lﬂ-ﬂw:l-ﬂSRE -

From the foregoing discussions on cumulative census
survival ratios, it appcars that the effcct of age~misreporting
1s considerably low in '10-cum-CSR' duc to dampening effect of
cumulated populations compared to that in the usual census
survival ratios (10-CSR). However, it would be more enlightening
=7 one could justify the above finding empirically on the basis
-2 some actual age-rcturns which suffer fron very heavy age-
—isrcporting. Coalc and Demeny presented graphically 10-CSRs
=22 10=cun~LSRe in the standard form for three developing countries,
—2=ely, India (1951-61), Korea (1925-35) and Turkey (1935-45)
-ziculated from their respective census age-returns (United Nations,
1257, PP 9—11). For the benefit of the rcaders the graphs are
mirroduced here (c.f, Figuwres 2.3 & 2.4). It is interesting to
=< from the graphical representation of the 10-CSRs of the
==:ve three countrics shown in Figurc 2.3, borrowed from UN
fzmual IV, that the cxtents of agc-nisrepeorting in India and
-=xcy are of very high order, whercas that of {orea is con-
z12<rably low. Furtherncre, the graphical representation of

-o—ua~-C8R' of the above three countries depicted in Figure 2.4,
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FIGURE -« 23

Usual Census Survival Ratios of Pemales from Age X
to x+5 at time t to age x+10 to x+15 at time t+10,
according Censuses of India, Korea and Turkey, and
according to Selected "West™ model life tables
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FIGURE 2..

Cumilative Census Survival Ratios of Femaleos
from Age x and above at time t to Age x+10 and

above at time t+10 according to Censuses of India,
Korea and Turkey
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cléarly shows that dampcning effect of cumulation on '10—cun--C 3.
is remarkable, It may be noted here that the 10-CSRs and the
'10—cun.CSRas' are bascd on the ccensus age=-returns groupcd in
standard quinquennial agc—grouping that is, (0 -—4 grouping) and
curiulated populations at the corresponding quinquennial ages
respectively. Some =zigzags found in the graphs of '"10-cum-SR?
23 shown in Figure 2.4, could probably be controllcd considerably
:? the quinquennial age-groupings werc chosen suitably through
tng procedure, mentioned in the Section 2.3, prior to obtain the
"I10LCS8R"' and '1G—cum—CSR’l;f.

The above discussions reveal that the prescnce of
z¢rious age-misreporting makes the '10-CSRs! highly erratic,
v~2reas, the 'l0-cun-LSRs' are much less affected by such age-
-=sreporting. Furthermore, the adjusted series of 10CSRs,
--=2only used to construct iife table, are highly influcnced by
T2z smoo:iaing procedures applied on raw census age-returns so
=2 to renove the effeet of age—-misreporting. Therefore, in such
= situation, if it is possible to construct the life table from
--—cum~C 5.8' instead of '10-CSRs', the resultant life table is
:Irscted to be more close to the actusl one. It should be noted
Tz that unlike the usual census survival ratio, the '10-cunCSRs!
:==not be easily translated into survival probabilities (5Px)

*:z=use the latter survival ratios are not only affccted by the

—imtality at various age-scctors but also influcnced by the age

S — =

-~s<ribution of the population under study. In the next chapter
== attenpt has been made to developc a technique for constructing

--Z< table from '"10-cum-{SR'.

== for further discussion see chapter V.




CHAPTER III

DEVELOPMZENT OF THE NEW TECHNIQUE

The technique developed here may be applied to
any population, closed %o migration, whose age-sex distribu-
tions, collected through population censuses are available
at two different points of time - five or ten-~-years apart.
The present chapter is divided into three parts. The first
part deals with the development of various formulas for oS ti-
mating usual and cumuletive 1ife table sSurvival ratios from
the corresponding wusual and cumuletive population survival
ratios under various assunptions (described later on}, In
the second part, an attempt has been made to search for an
appropriate method, afier discussing various possibilities,
for construction of life table from cumulative life table
survival ratios and finelly an iterative procedure has been
rroposed for life table construction {(beyond certain childhood
age) from the cunulative life table survivasl raﬁios;l/lﬁ.new
technique for estimeting infant and childhood nortality rates

1s Shown in the third part,

o i -“'—-——l_—_—*m____

1/ The procedure developed here for life table construection
by using cunmulative life table survival ratios is
different from the well-known ones,
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2.1. Relationship Between Population Survival Ratios

(Usual and leluln't:.v ) with thoso of Lifo Tablc
Survival Rotiog (Usunl and Cunmul:tive)

Yo catabliish the rolationship botweoen population
survivnal r«tios and 1lifec tablc survival ratics, it is noces-
sary tc toke into account the intorcenmsal pericd in advance.
Let us sssume that the irntorecnszl period is ten-yeara.
Procecdurc aimiiar to that doscribed below, can be followed
when tho interval betweon the two consccutive consuses is

five or sorc integral multiplo of fiveeg/

Nototions uscd:

In pddition to the standard life tablce nota-
tions, thce following notations will be used for the purpcse
of ostnblishing the requisite roleotionships botwoen nopu-
laticon gurvivael retics and life table survival ratios.
Som¢ subsidiary notetions may be uscd whonever nooded; and
thos e notaticns will be described ot tho stage where thay
are rogquired. Howevor, the mejor notations, uscd here,
arc described below. The notaticons which are not usually
found in the literature of l1ife dtable should be noted
carcfully. The term 'age X', used in conncction with a
census, stands for age X last birthdaoy (1.b.d.). But whon

X hans roforence to o thecretical or mathecmaticesl nodel

il i,

2/ In mcst of the countrics of the rresent world wheore thoro
iz 2 systom of population census, the interval boetwoon
any two ccnsecutive coensusces is five or ton-years. In

he present study, this intorwval is taken as toen-yeors
becruse the technigue, propescd here, is aprlicd on tho
acze-data of India where populaticn consus tnkos place
ot on intervel of toen~yoars.




_93...

it (E) Stands for thc exact nge x. Thus X is discrete

(intogral) variable for = cengus, but a continuous one

for a mcdeal,

Consus dates: A superscript of X hes refcronce to
the ecarlicr or first ccnsus, and €+10
indicates the next census taken 10
years later. Sonmetines t nmay be uscd
for the variablo —- time 3; this will

be clcar from tke context.

W : Haximum ago attainablie by & porson in
the populaticn under study,

pt ¢ DNumber of persons at sgc X according

X
to the census datc .
t+10 .
Py : Number of persons ot age Xx according
to the census dote $++10  tekoen 10=ycnrs
after the first census dste .
t
EPE and Number of pers-ns in the age group
pE+10 (x, x+4) according to the census datos t
Y x

and  t+10 respectively

P:+ anc Number of porsons at sge x  and above

£4+10 according to the census detes € and
PI+ t+10 | rcapectivoly.

P* ana ‘};Tatal runbox of persons according to

p¥+10 the consus dates ¢t and 410 respe-

ctively., Thus Pt = Pg‘ anc

410 _ _t+10 N
P = Pot :
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xr H It Pt+16 =3 Q1Dr: Pt, the xr i3 called tho
nnnual (exponential) growth rato of +he
population during tho intercenasal decade.

LY

Annunl (uxpuncntiﬂl) grcwth roate of the
population in the ago group (x, x+4) during
the intercensal decade.

Ty ? Annual (ezponential) growbth ratc of the
population of aze %+, i.u., population
belonging to the nge-intervel (x, w) during

tho intercensal dseado,

10-ycar usunl consus survivel ratio (10-CSR)
between the population in the age group
{x+10, x+14) in tho sccond census tc that

"

1033:-}'2'5

in the age group (x, =+4) in the first

cenlgous.,

10-year cumulative census survival raotio
(10-cun-CSR) between the population in the

age group (x+10, w) in tho second consus
to that in the ago group (x, w) in the first
consus.

10°x+

Nunmbor of person - years lived in the

\J
-
M

age-interval (x, x+5) according to 1if:. “nble

(staticonary) population model.

10«ycar uwsual life table survival rotic{10~-L3SR)

"

109%x+2.5
between lifo table population in the ¥l

intervel (x+10, ¥+15) %o that in tho age—
interval (x, =x+5).
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Tx ¢ Numbcr of person - years livel av acro

i

ant aobove necordinge o life toble

(stationary) popul~tiorn molel.

10-year cumulative life toable survivaol
ratio (10-cun-LSR) betweon 1ife tablco

105 o+

population in the acco-intervel (x+10, w)

to that in the ago~intorvel (x, w).

Conplote expectation of 1ife at ege X

(exaect) acecrding te the life table under

conaideration.

Ratio of the coxpectetion cof 1lifc at cxact

\J1
=
"

0 :et+5(a§;+5) tc that at oxaect age _I_( ci) .

The ngo—structurc of the modcl (which the
study popul~tion is assumed to follow), noy
Le described by & functicn Hg of X such

that tho number of persons botween the exzct

ages X and xX+d4dx 2t time £ 1is sgiven by
H; Ay, It follows thaet tho number cof peorscns

t

xe¢ For oxamplc, betwoen the exnet agues X

5N

and x+4+5 at time I is

iy o
\

It nagy bec noted here that the supsrsceript

1t
SHE

£t of Ny, used here, is a variable (time)

and not the first consus indicator.
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¥ Number of persons at age x and abovo

at timec £ in the population according
ts the nassuned nabthemnticsl model of the
ago=atructurc.

1 £ t t t .
If —— B = ro, thon r ig enlled
ﬁE-dt X x x

H
M ok

the (instantancous) relative growth rate
of persona aged x at tine X according
to the model,

r , These symbols have been usod alrendy with

5T x ( rofercnce to the ccnsus. Howeover, tho

rz+ﬂJ~ symbols will be used in connccticn with

- pnathenmatical models also - but nmo confusicn

is 1ikcly to arisc because the correct
oneaniang will be clear frem the context in
which they orxre used, The dcfining
equations for the model are the sanc as
those for the consus excepting for tho
fact that the P's eppearing in the consus
relaotions are to be replacoed by tho

corrcsponding lM's.

10-yenr usual survivel rotio in the

L]

"
105 (=+2.5)
population (10-PER) nccerding to the

nasumed matheonasticnl nmodel of the apree
struac turc.

10§{x+) : Ten—-yorr cunulantive survival rotio in the
pepulation (10-cum-PSR) according tc the
assurncd nathenatical medoeol of the =2o0-

structurec.

Tsing the notations, dcogeribed antove, the 'ten-year usunl
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population survival ratio' {(10-PSR) and 'ton-yonr usuol
cchsus survival ratioe' (10-CSR) from the ase-intorval
(x, x+5) tc (x+0, x+15) durings tho zeriod (i, t+10) =~re

L

givoen by

10-FSR betwoon (I, 1+5) to (K+10; x+15)

E+10 t
10'5‘.(3-**2-5) = 5H1‘+1D .-'/5H32 S SR (32)

10-CSR betwecen (x, x+) ¥ (x+10, x+14)

t+10 t
= 1{}5 x+ 2.5 = SPE+E¢5 SPE aa v - w (313)

The *ton-yecr cumal ative population survivel
ratio? (10-cum-PSR) at age x during time poriod
(t, t+10) and 'ton-—ycar cumulative census survival ratio!
(10-cum=C3R) at ape X during the interceonsal decade are

O iven by

t

_'b+1':} Ft - 8 {3(1)

10-cun-CSR ot 2ge X =4o5zx4 = P( g 10)+ / Txa

Sinmilarly, thz '10-LSR' betweoon the aze intorwls{x, x+5)
and (x+190, x+15) and '10-—cumn-LSR' at age x, donoted

by 4 Sx+2.5 and . 8xy Trespoctively, ave dofined by
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In this scetion an attompt will bo mrde to vsta-

; )
blich thoe relationships hetween 10-PSR ;103'{34.2‘5}‘ and
i &

==
F

10-LSR Eﬂﬁm_g_ﬂ and alsce between 10-cun-FSR at aze

x }203'(;,_)] end 10-cum~LSR £t aze X EOEE_I.] under
1:1‘1-; assunpticns that the agew~structure of the population
undecr study can be adequately deseribed by the following
theoretical model of age-structure corresponding to

(i) stetionary populstion, (4ii) stoble population deve—
loped by Lotka (1939), and (iii) nore genceralised medel

dcveloped, most recently, by Freston and Coale (1982).

5.1T.1. Thg population undeor study is stationary

A porulation ig said to be staticonary if thoe
nunber of births coccurring evory ycar is same as thaot of
dcaths within tho population under study with an unchanging
schedule of mortality ratoes. According to the definition
of a stationary population, stated =bove, the number of
porsons at cach age (Nx) remains unaltered over tinme.

Thus, onc¢ may cesily find the feollowing properties of =
stotiomary population.

%
Ny

-ﬁ; %If = - A=) ‘oo eee  (3.1)

= Ny for all ¢t.

where _A(x) is the ago spocific mortality rato {or

instantaneous force of mortality) at cxact age X. Since
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Ny is indopendent of %, ,ﬂL(x) iz a2lsc so. Tho ngo-
atructure of such 2 pepulation is =ziven by the Ly colucn
«f the oappropricate 1ife table which is a matheomatical nodel,
as doscribed in Chapter I, based cn the age apcéific no Tt~

lity rates Lﬂi(x)] dofined by the cguation (3.1).

According t¢ the definition of lifc table, thc
person -~ ycars which will Le lived, by a cohourt of 1x
porsons now at cxact ago X, in the ago-intorvai (xz, x+5)
ond in the age-range X and z2bove arc regpectively

_ x+5
SLI = J ly dr sew P (3-21)

W
Txu J 13}" dF s e ’ew {5-21})

whers 1y is the number of poerscuns surviving tc cxact

nge Yy out of 1y births =2nd the meaning of the sumbol W

has already been statod cearliicr.

The ton=yeoar usucl survival roatio (408z+2.5)
cnd ten-yonr cunulaotive survival ratic (1GEK+), a8 cofined
enrlier, in theo life table population (stationery),
goneratod through the age-spocific noertality rates atv

varicus ages defined by the oquation (3.1), are given by
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X+15
¢ 1+ dy
Ifx 10 10F
D + X
a = e = — e " v ew -
10" x+2.:5 sLx 45 (3.3)
w
j 1y dy
Tx+10 x+10
and 109 x+ Ty )1) - Temet (3.4)
1+ A
X y

Since the populaticn under study is considered as
stationary, thc number of persons ;t oxact agse x (M)

noy be treated ns an observed valuc of 1x, the nunber of
survivors at cxzact age x out of ls infents born at the
Sane point of tine and exposed te the risk of dyings definod
by (3.1) throuchout their life time. Thun, by roplacing 1y
by Ny in (3.3) and (3.4), we got

X+15
Ny dy
L N
_ 2’x+10 _ | E+10 - 2.%+10 gt
16%x+2.5 © 5L x - %TS 5Nx 10° (x+2.5)

ceaces (3.5)

. t+10
Since in the nrescent case 5N¢+10 = s5Nxei0 ond

t - a
EHI = N% by the virtue of the stationary naturc of the

population,
Tx+1 IHFGF 7 )
* 10° x+ . Tx v Ny 107 (x+)



It mavy be noted here that in the case of a stationary

population, SHE and HE renain unaltered over time,
that N = Ht N, = Ht d N

30 5%x+10 ~ 5 x+10* 57x T 57x S (x+10)+

= Hle?5)+ y Hx+ = H;+. Now, the P's given by the

censuses can be regsrded as the 'obgerved'! values of the
. T 1

corresponding N's. Here, 1GS(K+2_5) and. 1DS(K+) may be
estimated by 1OSI+2.5 and 1DSE+ respeciively. Thus, we
find that in the caese of a st..tionary population
'10-CSR~t (1053+2,5) and 10-cun-CSR- (1gsx+) are identical

s : ! 1 - 1!
to (in the sensc of 'estimate of ), '10-LSR (1GEI+2'5)
and 10-cum-LSR-— (1D5x+)' Furthermore, in the case of a

i . ; t
stationary population 1GS(I+2.5) and 103(x+) can be

estimated from any single census, (say, at time 1) since
tT+10 t t+10 T

éﬂx+10" 5Hx ’ N(x+10)+’ Hx+ may be estimated by the
. £ £ + + t , _
observed! values of 5P3+10 ) 5Px, P(x+10)+’ Ex+ as the

N's remain unchanged over time,

To obtain the relationships botween 10-PSR-

—pr

' = - ,
1GS(E+2.5} and 10-LSR~- (1G“E+2.5) snd  between

10--cum-PSR~- 11ﬂ3%x+i] and 10-cum-LSR~ (;4%g4) for a non-
stationary population, an allowance must be made for the
dis tribution of population within each age group of the
whole 1lifc span, beccuse the numerical disitribution ( woe

percentage distribution) of persons by age of the population
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under s tudy (nnn—-ﬂtﬂtinm‘.ry) chianges over time which is in
shorp contreat to thet of & stationary populztion. Tho
roguisite relaticnghins in tiw coseo of 2 non-stotionory

populas tion are dealt with in the ncext paragraphs.

Jal42. The population undeor study is stzable

A population is snid to be steble if the fortie
Lity and mertality schedules acting on the population remain
unglitercd over time and thoe number of births occurring in
the pepulation choanges with time 2t & consinnt rate .
In such population, it cen be shown tha$ thoe number of
porzong &t cach individusl 2ge also chnnges over time ot
the consiant rate r . The follewing relations hold goo

for o stable nopulation.

B(tg"!‘t == B(t.::.) ﬂrt .- "W L (316)
HE = E(t)‘ E_ru P(‘x) .. e T (3-?')
t .+t
-F.‘.Ilﬂ II}:G —_ H;G » Ert Y - w (3-8)

wheore,

H}?clx : HNumber of peraons betiieen the exnet ages =X and :-:J-mlx ok timn

B(#)dt: Numbor of births occurring in the population
the tine ivteyvel (#,t+dk),

r : Intrinsic rate of growth poer person,

Probability of swviving from birth to exact
nge X indepondont of time .

e

p(=x)
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S zeording to the life (able notntion p(:r:) = 1;:/1:;. The

symbcls 1x and 1ls have elrendy boeen mentiongd carlicr.

It mny be noted here that p(x) rorains
unaltored over tine Ly whereas IEE ennd B(+%) change

cvor time through the equations (3.8) ~nd (3.6) respecctivaly.

Now, putting p(x) = 1x/ls in (3.7), we got

I"I; = E( t) C’Hrz 1]{, waoro l,:,,$1 .. n - {3-9)

(without logcs of genorslity 1, is assuned to be wmity).

3.1.2(a) Relationghip betwgon *10-PSR' and '10-LSR-

Intogroting both sides of (3.9) in the age-

range (x, x+5), we got

How, by using the menn vaiud ﬂlBGI‘Cﬂy of integral calcuius,
tk+ cquation beconcs

- X+
SH; = B(t) o % Cx iF' dy
b4

—— i =

2/ sAccording to the first mean value thooren of intesral
calculus, if the functicn f£(x) is centinucus and toundos

[ Pootnote contd.... ]
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t o
ar SNE = B(t} o X ELK 'R s w (5-10)

where, C iz on intormedicte velue between x and x+5,

X

It moy e noted hero thats the mean wvaluce

A

theeron of integral cnlculus cnly states thot thore oxdsts

= value Oy 1lying betweon X snd x+95 which satisfios thoe
cauntion (3.10). But it dnes 2not give cny eoxplicit

expression for the exnct valuc of Cx. Thus, in practicsl
situation, it is guite difficult to obtain the exact valug

of C,; howover, o roasonably good approximation to Gy

b . ik -

(Ref. 3/ contd.)

in the intorval (o, b) and the function .¢(x) i3 inteegrable
nd keoeps the samo sign positive or negotive, throughgut thoe

interval of integration (o, 1), there oxizts a volue »f

b
x (s2y, ©Cg) in tho intorval such that { £(x) . p(x)dx
cl

i

b
£(c ) l &(x)dx, where o <€ <b, In the presont casc,

let as take f£(x) = & TF ma ¢(x} = lx. 1t may be noted
that the function f£(x), beinzg mn exponconiial function of x,
iz a continucus funcition., Furithernore, ciue can casily show

that the pininur and maxinum velues of f(x) as % verics

-b . . .
betweon a to b oare e md 1 respectvively, since r, being

~» growth rate, lics betweon O -nd 1. Thus, f{x) is also
bounded in {a, b). The function @g(x) is continuous in
(a, b), since the 2ife t=blec functicn ix ig known to be
continuous, Thus, @(x) is integrable in (a, b), aince all
continucus functions arc integrable. (For detzils, sce
Forrar, 1958; Chatterjce, 197C).
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may be takon as x+2.5, the mid-point of the five-year
age-interval (x, z+5) — provided it does not contain the
first fow years of life -— because the populstion within
such a five-ycar intervel may be¢ assumed to be fairly
uniformly distributed over the interval. (The problem of

earlier ages will be considered separately).

Thus, the equation (3.10) beconmgs,

{;—(x+2.5)r

—

...I!i 5LE’ for =11 X > 0

eee  (3.11)

Such an approximation of C; which minimizes the maximum

possible crror in the csiimate, since x < Cy <=x+5 has

been used by several authors (Lopcz, 1961; Office of the

Registrar General of Iandia, 1963; and Coale and Demeny,
10

1966). The expression for 5% can be obtained fronm

(3.11) by replacing % by *%+10. That is,

Mgy

+10 . -(x+2.
o~ % B(t+10) [e % 5)::-_1 Lgs Tor ell = >0

By using the relation (3.6), we get

10T ~AxH25)T 1 ror w11 x > O

5

eee (3,12)
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Now,
t+10
. ~ 5.153“'1'3 . 911'3::::' +_:--(1-:~i+’i{2)+2.5)f“.5]'_,::_!_‘,‘{}
5 'Y L.
o 105'(x+2.5} . 108x+2.5+ for 211 x > O ceve (3.13)

3.1.2(b) Belaotionship behweon '10-cum~PSR' at
age T and '10-cum-LSR' 5t agc x

Intograting (3.9) in +the interval (x, w), WwC goct

W

t , -
Nyt = B(t) ) S ly 4y
X

Yoexing use of mean value thocrom of integral calculus, wo
:-'—*'t W

t :
=

< -
o i I‘iI_t_ = B(t) (C.-‘ r.c:i{+) T}: A PR (3-14)

.10, X O« Cxyr £ W £na Tg == 5’ Ly dy
x

It is quite difficult to obtain the truc valuo

5% 3 Cxy+ However, a reasonably gcod approximation to GI_I_

=" bc obtaincd as o weighted cverage of the approximations
-2.5, x+7.5, cte., to the C,'s for thc¢ quingquennial zge-

—=-rvals covering the interval (x, w), the weights being



- 107 -

t.1¢ populr-tions in the ¢ rrosponding age intervoalse.

Since w¢ ~ro m.dinly intercstbted to cstinmate
10~cun-P3R- dcfined by

L B+10 / %
10-cun PSR = IH(I+1G)+ hl’;'i-
we necd 0 know o recoonable good cstinate of C .y for
the decade (%, .t+10). Such cn approximation of Coes

which gives an nverage picturc during the decade (£, +10)

is given below:

l -5 W
] | »
E (y+2.5) 5}1; + E A¥y+0.5) 4Ny
N\ = y o= L

e

v — e e (5'15)
1 - é * 174 3%
> sy + 3T 4Ny
y =X y = 2

whore, (1, w) is the last intorval whose width is leoss than
II;+1G—]/2, zid the meaning of
4

i
-
1li, is obvicusly similar, This oprroximation cof Co.

C

* . -
5 voarzs and SHy = I.E;NF +

r

~s nontioned beforc, scems to be quitc reasonable and

simpie. It may be noted, while cobtzining the approzimation

wp i

Cgy? through the formule (3.15), that the average

=< the pepulgtion at time + and 10 hes boecn usced for
thc purpogsce of weighhting so zs to obtain wmr estinate €1+

Zuring the pericd (%, t+10). Szne p-inta i favour o f
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4/

th.os sort of apvrexination of Cx+ for Lthe decade

(t, t+10), ac nentioncad below, nay ko notod,

Since woe ore interestod to kncw on appreximotion

T which gives

SR average picturce durin~ the deoceads
X+ 13

(t, t+10), it mny be assuncd thot cx¢ rel- tes to the tino

t+5, nid-point of the doccads (%, t+10). Lot us consider the

following integrals:

Ny © ay (3.152)

H;"-Zlg,the nuriber 2f porscons inmiﬁ*‘tﬂﬂlfﬁ-,‘}ﬁ'daht

tine 4+5, nay be defined by (i) stationory (1ife toble)

23doel, (ii) stable population model, or (iii) Preston-Coale

seneralisoed naodel., In the caze of stationory nodel

:F+5 = %;? in the cnseos of stable snd Preston-Conle
. t+5 . i
reneral ised nodols HY »8 oare defined by the equations

ston and Beanett (1983) propescd a different procedurc

ﬂstlm:tln; Ce, based on the principle of succeasivo

. r
rrﬂxlﬂﬂtlﬂﬂ unc er the assunption of stability of the
pulaticn undor study.

This approach for cetinoting

C
E+
18 not utiliscd here since the prosent investigatiozn on

life teble consitruecticn is bo asel on cunulative survival
retics under the assunption of Preston-Coala gencralisced
Scdels This will be cloar frorm the context of tho
2iscus

sions, described later on / see the Scetion 3.1.4(Dp)/.



Now applying near value theoron of integral
calculus, thic integral (3.157) beccnes
%

-y .C.
I=o Trixt ) H;+5 dy, where x <« C_ < w

- r.C
or I = ¢ L H::E, whoere x < C < W ees (3.150)

X4

Once azzin thce integral {(3.152) nmay be sub=divided as follows:

4 X+5 x+10
1= ) c"ry.nyt*?’ dy = x) c“ry.11§+5 dy + 5 ey .H;’* 2 ay
x x+5
*+15

+ J e"“mr.ﬂszs AY+ aveese
%+ T0

Kow, applying ncan welue theorcr within cach of the sub- |

intervals we obtain,

—]e f_,.?é - t+5 - ,C){.’.ﬁ' t+5
=T Crtlo t£+5
+ E - 5H1+10 + [ 3 I I
E f_x.[-"_—_x.l._:,-;'} Ties ™ +the fntnrunl{ﬂ,#-#i‘)ﬁq;e_ ge_ﬂ’fdh 3.[*1(3‘“},]
2 -
dNow writing G—rz -:'1 1 - rz wder the assumption that

rz is snell (it may be noted 2z, the rate of growth,
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1s a very small quantity), the above expression for the
integral I may bes writiten ag,

. 45 ™5 5 i 5
Iz (5Ni tEN 5+ ol Gg Teees)+ T icx. N

5

45 )
Gx+10- SH}H‘1O + --:-l-lqj{

+ Cxe5 5H1+5 *

. 45 }“ 45 45 >
or 1gly +r LFXV'SHK " Cgpge 55 t Cx410° 50 z+10™ * ¢}

eene (3.15¢)

W5 _ 45 . 5 5
WhE}I'E Hx+ - EHK T EN]]H'B + SH]{+1G T sstevanrna

Similarly, (3.15h) can be written as

I30-r.c.) H:f oo (3.154)

Now, using (3.‘!50) and (3.15{1), we get

45 t4+5 45
. Sxtsx *Cus MW'EEE“O*:'.....(a.ise.)
Cev  © t+5 15 5

EH:E - SH}H'S + 5HJ{+10'+ ;---

“ow, since the population at time ¢+5 is not known, an

5

2stimate of EHX nay be obtained as follows:

* w5 1 £ t+10
sy = 5ﬁ# T2 ( 5%+ 58 )
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Now, the 10w~cun-PSR- ot are x  during

(t, t+10), obtained by using the relation (3.14) is oiven

by
£+10 —ra. C
: H(x+10) « B($+10)e" " " (x+10)+ Tx+10
10°(x+) = T - . )
Ny B(t)a~TeCypy Tx
for sll X >0 - (3.16)
where C xt and G(x+10)+ approexinnted through the

fornula (%.15), arc sonmc intermodiste values belonging Lo
the intervals (x, w) and (x+10, w) respectively. Now,
roplacing Typqo /T bY 1o8x+ ond using tho relatiny

B('I:-HO) = B(t)c10r, the rolation (5.16) becomos:

105 '(x+) = Exp [(10 - C(x+10)+ * C o) e 105+
fcr a1l = S0 cess (3.17)

Knowing the estinate or approxinets values of

1C§'(_x+) " Cxpr C(x+1ﬂ)+ﬂ-!1d r, oOnc can casily obtain

the ostimated value of 15+ the 10-~cun-LSR- at age x,

fron the equation (3.17). The valuc of 1{]SZK+) con be
cetinated by 10514, which can boe obtaingd frorm the two
csnscentive consus age data thrcush the formulna (3d).

Tho cotinatos . C A1 b ~ingd
Tho cotinateos of Cx+ an (x+‘lD)+ CAHY o obtaing
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t

.t
by 5PF and r, from

th . ough (3.15) by replsac.ag 5NF .

the equation ptt10 - pt 10T

Comparing the relations (3.13) and (3.17) in
the cuse of stable population to those in (3.5) and (3.5a)
respectively under the assumptions of stationary popula-
tion, one may easily find that the cquality betweceon 10-PSR-
and 10-~L3R- holds good in both the populations- stable
and stationary; whereas the equality betwecen the 10-cum-PSR-
and 10-cum-LSR~ holds good only in the case of stationary
populationg but not irn the case of stable population,

521.3. The population under study is approximatcly
stable

It may be noted that the formula (3.17) is

applicable strictly to a stable population in which the

pc ulation at any age group chenges over timc cxponentially
with a constant rate x. But, in reality, a stable popu-
lztion in the strict scas:, with thce same rate of growth

=t all ages, along with thc other conditions of stabi-
ity (3.6) and (3.7), is very rare. In somec countirics,
tarticularly developing ones, all the conditions of stabi-
_ity are not satisfied closely; yet, due % non-availability
=T reliable vital registration statistics, the theory of
stable population, introduced by Lotka, had becn used

Tery exXtenstively to cstimate wvarious demogrephic
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rarinetera, Fertunately, it has been found that thao
cstinztes of various demographic perocumeters, obitaine?
through the =#pplication of st2ble population theory are
ther rebust aganinst some small deviaticns fronm the
assunptions of st2bility s long ns our interost lies in
cstimating certain characteristics ~f the contire POpul e
ticn. But, when we are interested in cortrin charocctori-
Stica of cnly o part of a populcotion which is wnot suffi-
cicntly stable then, neccss~ry care should bc $aken obout
the vori-tion in zgc-specifiec rate of growth, r(x), which
3 likeoly to ~ffcot sirmificrntly the cgtinstos of the
cheracterigtice under study of the sub-popul-tion. An
2xanple of this kind nay be found from the relation (3.1'?),
whore we arce intercsted %o ocstimote 10-cun-LSR-(4,8x4) fron
IQ-QHEFFS§~[1GSI(K+)] for tho sub-population at =2gc x
nd above for the purpcse -f lifs teblice conatruction.
The fornula {(3.17) i3 cxpceted to orovide reasonably sgouod
estinmate of 105x++ Wheon the agEHEPQGific ratc of growth
Tcaains almost constznt ¢ all ages; Lut, when it is net
S, as usually found in mony cases, proper carce should be

tzxen in formulating the relationship between 105 %+ and

|
12° (x+) which %takes into account the possible variation

in the age-~specific zrowth rates. This type of situation

—z5 Dbeen discussed in the following paragraph.
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A prpulati-n in which the 2 e-specific growth
rate rr(x)] viricg with are, nay Lo tormod as tdestabi-
lisced populrnticn' ~u or .posed Ly Maortin (1980). Tho necd
for age=speocific growth ratos in dencgraphic analysis ﬁaa
been discusscd by several authors (Marsin, 1980; Freatcn

¢t 21l., 1980; Bennett ~and Horiuchi, 1981: Proeston snd

Conle, 1982). The difficulty s nanticned in the carlier
par-graph for cstimating 108x4 Vlues using the relstions
(3.17) in tho cnsc of a 'destabilised zopulntion' noay be
avoeided by introducing thoe cwncept of cunulaotive rate of
srowth st zge xX. This concept noods preociseo definition,
which mry bc met in two ways. The cunulative ratoe of
srowth (EI+) a8t noo x m..y beo dofined -~z the
woeilighted avorogoe of the oexponential growth rotes (51&3)
Jurinsg thoe period (t, t+10) fcr the quingquennial ngeo-
nterval 3 covering the are-interval (x, w), tho weights
zaing the pc ulavisn in the corres: xnding ~so-intorvals,
Alternatively, the cumulative voate (rg,) of growth at

~T¢ X nay be definced as the oxpeononti-l growth rante of
— e cumnulaited populaotion at ace X  daring the period
%, t+10). Mathenatically, the first definiticn of ro,

==y be written ns

L - + - *
Ex+ % H — 'E.' —— - ol _— —— g iy, e W (3- 1 B)
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h |

vhere, (1, w) is the last open interval,

£ _ ¢t %410
SH-:( - L__II:-F + EJ'I:Y / 2 )] - * . (::‘-18?1)
* - t+10 |
Hl.i. - EH}-_I_ + Nl+ _! / 2 L R L (3-16b)

and e the oxp-nontial srowth r-te of the perulation ot

age L =nd -“bove, is definod by

g

10 , ¢
1+ /Hl*i_:_i

-

R .o (3.18¢)

M1

1+ = 0.1 1ﬂge LN

It appears from (3.18) % (3.18¢) thnt the fornula for
obtaining :?-E_'_, according t2 the first dofinition is rothor
conpiicated. Let us now examine the formula for cumulative
srowth rate eaccording o its sacond dafinition, The

clicbric oxpression of the formuln for cstimating Ty,

a8 per the scecond definiticn is:

-

t
HE:"D/N:;{J cee  eee (3.19)

e

xe = 0.1 logg

Cooparing tho twoe fermulas, shown in (3.18) and (3.19} for
“ensuriang the cunul~tivo growth reto, it is oasily found

"1'1!1 y 2 ] - . - 3
-nnt the formulzs acenrding 4 tho second da2finitiorn shown

¢
= = O 3 y 3 ey =
in {(3.19) is nuch simpler than the formula according to tho
=4 L AafTing +4 . - *
iirse definition. It has clready boen stated etrlicey that

sTopoer cnre should bLe taken in the ecose of g 'dostabilisced

i
]
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ropulation' regarding the variation in th- age-specific
growth rates while formulating the relationship between

1CS{xT} and L, 8y, . Comdpired %o r it seems that T,
gives a better sammary of the different sgowspecific growth
rates bocausc Ty, takos into scperale account the different
quinguennial rates whercas e, Dorely gives the overall

nct picturc. Thus, logically, onc would foel that the usco

of Y,, provides 2 botter picturc regarding the rclatione

ship bctweon 105'(x+) and  , 8y, than that of rg .

However, it can be shown empiricslly that the values of
Tyy ond Ty obtainced through the formulas (3.18) and
(3.19) are quitc close to ocach other. Theroforc, from o
practical point of viow, it is immaterial which onc wo
~ecept for formulating the relationship between 10° %+
~nd 10513303 howaver, wc found it expedicnt to use v,
shown in (3.19) becausc of its simplicity.

From thc relation (3.,16), obizined under tho
~s3umption cf stability, one would cxpect that the dovclop-
—cnt of the relationship botbweon 10° x+ and 105t3+) in
s case of 2 destebllisod popul-ticn would require tho

cunulative growth retes e, and for the sub-

T(x+10)+
-opulation aged X and above and (x+10) and above reospo-

=Zively, provided the degree ofdestabilisation is not too
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i.igh. In such an approximatcly stable population where
the agce—-svecific growth ratos may deviate from cons tancy
as age advonees (but not too corratically or higzhly, the
trend morc or less regular). A better rclaticaship

L) . a a
betweeon 1ﬂs(x+) and 1DER+’ similor to thot obtained
undor assunpiion of stability shown in (3.17), could be
proposed for such approximately stable population by making
usce of the averagoe of tho cunulative growth rates &b ages X
and  x+10, that is, & [rg, + T(y110)s ] instoad of the
constant rote of growth zx. Thus, the modified rcelaticn-
ship between .3z, and 105{x*) in the case of a destabi-

lised populntion is given by:

.y

10°" (x+) = Exp [:(1G'c(xw1ﬂ)+ + Cxt ) T (x45)+110%2+7

for x >0 cense (3.20)
whore T = (3.20a)
It may be noted that according to the definiticns of
cunulative rate of growth by age, the two stotistics —--
- ke = - g - ] -
er+5)+ and ]Tx+5}k erc not identicanl; but, if the curve

for xr may be considerced as almost linecar in the

X+
itservel (x, x+10), tho quantitios E*(x+5)+ nand E(z+5)+
*11l be very closae to each other, The other symbolas hove

2rondy been explainced celsowhoero. For cstimating 163%+



- 118 -

through the formulsg (3.20), it i: wcosmry e kKow the zatinatod

1 - s P
values of ﬂfa(x+)’ Cyy? C(x+10)+ and  T(g5)y - The

S g =y ~ 10 M - ¥ i ™ i G

astimated voluc f 193 (x+)? Cyy COO bc obitnincd

by using rcopectively tho fermula (3d) -= Sy, being
R S , . —mm e

takon e an ostimcto of 1OS(E+) snd formuda (3.15).

The ostinzted value of f*(x+5)+ c~n be obtained through
(3.19) and (3.20a) after replacing H$+ by the corrces-

ponding cenous data (P§+) of the population under study.

S0 far, we have put ferward scnc general
srcunents in favour of the relationship between 1GEE+
L4 -
onn 105(x+), showp, in the formula (%.20), for any

approxinmately stoble pepuliation. However, the mathanatical

r

justification of the relationship (3.20) weuld require 4
generalised model of age-structure of any population.
Vory recently Preston and Coalo (1982) have developed

gonoralisced mathematical model of ace=gtructure of ony

{2

population in an interesting rogearch nonograph. Tho
~nthematical trcatment for justifying the validity cof the
foroula (3.20), on thoe basis ¢f Preston-Coale generaliscd
~adal for ago-structurc of any populaticn, has bool

dic cuosed in the fcllowing paragraphsfif

5/ The formula (3.20) wus originally dorived hore without
any pricr knowledge of the geoneraliscd nodel for age-
structurc developed by Preston and Coale (1982).,
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3.1.4. The population under sgstudy is neither
stationary nor stable (or approxims tely
stablEE_

According to Preston-Cocale general ised model

) . . t
which is appliczble to any population, Ny, the function
describing the age-structure of the popuwlation at time I

is given by

o p—

N ]
N° = B(%) Exp |- 2 r,(t) ay |. p¥(x) ceeee (3.21)
whera, L | _f.l
B(t)dt : Number of birthsinthetime nteyval (k,t+d4);
ry( t) : Relative growth ratc of persons aged ¥

{cxact) ot time %

p¥(x) : Probability of surviving from birth to
exact ageé X according to the 1ife table

preoevailing at timec 3.

it may be noted that in the casc of a stablce population
the zrowth rate ry(t) remeins constant, over age and
time, and is therefore denoted s2imply by 2 and also
pt(x) is indopendent of Hme E; but B{t), the birth

function cnanges over time with the constant rate x.
In the case of Praston-Coalec gencereliscd
model, the rclative growth ratec =r_(t) may be definod,

analogous to instantancous force of moxtality ot age _g{f“x},



28 ifollows:

H‘!H At ’it ¢
- N_ a
rz(t)= lil'ﬂ i ‘E' "'-"4"1"" —_— 1 IE faaea (3-22)
At= O Hx AN - L dt

S¢ that H; = const. Exp [ 51'1:( t)dt }» where the constant

is indepcndent of t.

While constructing abridged 1ife table of a
country from the age-roturns of its two consecutive
caensuses, 10-yecars apart, at time ¢ and t4+10 say,
tebul snted in some suitable system of quinquennial age

groups, 10-~year usual census survival ratios (

_ t+10 t , i . d t ti
= 5Pzi10 5PI:) arc normally uscd under the ecssumption

1033+2.5

that the¢ 10-yoar usual 1ifeo table survival ratios (10—LSR)

(1ﬁﬂx+2_5 = 5L3+1QJEL3) are c¢qual te the corresponding

10~year usunl census survival ratioss (10-CSR) of the
ropulation under study. It haos clready been established
carliear that the assumphion of cquatlity between 10-CSR-
and 10-LSR~ is fully justificd for stationary population
and stable populetion, In the noxt section, the validity
¢f the assunption has been cxamincd in the context of the

gcenoralised model proposcd by Preoston and Coale (1982).
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When the assumption i nct tonable, what shoull bo the
appropriate relfticnship betwooen 10=C3R-nnd 10-LSR- in

the case of thoe genoxaliscd model applicoable to any
population? This has also been deveioped in the following

agection.

3.1e4f{a) Relationship bobween '10-CSR' and '10-LSR!
in the case of any Dopulgtion describoa by
Pregton-Conle gencralised model for age-—
s tructure

It has already “eon mentioned earlicr that,
given the distribution of persons by aze of & population
at two pcints of time, 10~years apart, say + =nd 10, -
life table during the decade (%, ++10) maoy be constructed
on the basis of 1ife table survivel rotics cbiained undor
certain ossumpiion from the populaticn survivel ratios
during the period (%, t+10). The 1ifc tablo 8o obtainced,
depicts on average exporiencs of moriality during the
10~yoors period (£, t+10) nnd thus may be treated us the
1ifc table at time +5, the mid-point of the decade

{t, t+10).

According to the definiticn, the 10-LSE- ot
~go X during the decade (t, #10) in the population

undergoing the Proston-Coale generalised model and the
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10-L8R~ at age x ot tine H+5 oarc given by

W'b—l-‘l(}
S 1( 5) _ 5" x4+10
X+ 2. - I
10 SH:H:
and
r 'b+5
SLx+1O

The formuln (3.22) crm be written as

t
< lagﬁ 1{: = rx(t',), t < t < t+10

at
Integrating both sides with respsect to & from % to
+£+10, we get
-b+r‘_10 _ ' t+10
J dEagG H'_E..j = rx(t')ﬂ.t'= 10 &x (E-?W)
++]10
I'It+1o
f 1
ox loge -—-%-,E-—- = rx(t )at
=
£4+10 t+ 9 it
or loga Nx T = rI( $')at', using tho
i= %

~13itive proporty of integrzl calculus. It follows
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f640  1+1 ?

;+10 -':;It Bxn ngc J r (t')ﬂt'—l= Ny o 108
(3.23)

It moy be noted that re{t') is ihe (instantrneous) relative
growth roto ot (exnct)‘agﬁ X ~t time t'. How, if X
is not small r_(t') mey be twented as nlmost constant
within oach uait interval of +time (i, i+1). Therefore,

the above equation becomes

= ~
t 10e £+10 | &
==
We write
_ . t + 9
r}: = '1_'5 12-& 1‘1(1+%) 4ea e ae (312313)

The cquation (3.23a) cen be written o

- Iq-x LI - L (3l23¢}

Hence comparing (3.23) and (3.23¢), we got

gx % ;I - a9 . o0 - w (3'23"1}
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Frow (3.23b) one can easily find that Ty 1is the arithmatic
mean of the (instantanenus) relative growthh rates rx(i+%0's
at the mid-points of 211 %the ten one-year time intervals
comprising the interceusal decade. Thus, T4 can be
interpreted as an average experience of the annual populatioa
growth during the intercensal decade. Now, we are to present
the intercensal mortality experience in g life table form,
But strictl) speaking, & life table depicts the mortality
conditions p:evailing at a point of time. As a cousequence,
we have to suppose that the intercensal experience summarised
by 2, or the average, Ty, operates at particular point of
time, and the obvious choice is the mid-point, t+5, of the
intercensal decadz. In other words, our objeccitive would be
zet if we consider a hypothetieal population with (instanta-
neous) relative growth rate of & + Tx at (exazct)age x at
“ire t+5. 1In consonmance vith this we write Ex(t+5) for

z to emphasise that in subsequent developments cur reference

“ine is  t+5,.

We rewrite (3.23c) as

ZH;-ETDgﬁ(t+5} e H:+1D = e1D'rx(t+5).H§ »ee (3.23&}

-

- T should be clear in mind that Ex(t+5) may not necesszarily

z-iacide with r (t+5) the relative growth ratec of the
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porulation, prevsiling at time +t+5. However, they are

approximately equal as shown below:

We have se¢en previously that

t+10
10. 8, = } r_(t')at’
t
By using the mean value theorem, we get

10

10 84 = rx({? ) j at = 10-:1:-3:(('_‘ ), where t £ C £ t+10
t

The exact value of C 1is not knowny but we may take
C % %5, the mid-point of the interval (t, t+10), Thus
using this approximation to € and the approximate relation

&x + E;.: shown in (3.23d), we get

ro(t+5) # 8, 2= T_(t+5) cee  ess  (3.23f)

in the subsequent developments To(%+5) is used insiead of

I'I-

Now writing %t+5 for t and -I"F('b+5) for ry( t+5)

in(3.21) and noting that

Pt+5(1) = 1g(t+5) /1,(t+5), we get



X
£+5 B(+5) J -
X e n Ty(t+5)ay | 1x(45)
e - sen (3-24)

For the sake of simplicity in presenting various formulas,
the 'argument' *¥+5 within the bracket will be omitted hence=
forth. However, all the functions subsequently used here
rertain to the time ++5, unless otherwise mentioned. The
superscript ‘t+5, (es in L.H.S. of (3.24)) may also be

Omi‘bteﬂ.-

Integreting both sides of (3.21) in thec age-
interval (x, x+5), we get

x+5 x+5 ' _
My = S Ny dy = (B/1o) J EXp ‘—J r, dz | 1y dy

. L i

voe (3.25)

iccording to che first mean value thecorem of integral calculus

Tnere exists an age C, in the interval (z, x+5), such that

ey

X+5 — oy X+5

[C
/ X
| Exp _J F, dz| 1y dy = Exp '_j T, dz | - l 1y dy
z

—

cess (3.25a)
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Using (3.25a) in (3.25), we get

! c =1
X
EHE = (B/ln) E]{P - /( E'z dz 5L]§: ane (5- 25b)
L. © -
x+5
where x < cx < X+5 and 5Lx = xr 1y dy

The truec value of Cy is not given by the mean value

theorem which only asserts the existence of such g peoint in
the interval (x, x+5), but it does not give its exact

nagnitude. However, as before, a reasonably good approxi-

nation to Cy mMay be taken as x+2.5 provided X does
not belong to the first few years of life. Thus, the

equation (3, 25b) becomes

———

" —1

X+2.5

ENK % (B/lg) EXD | - EE dz SLK' X > 0

Sow, using (3.25-::), we find

i ——

x+12.5 Xx+2,.5

=N
= x+1q = ExP - J fﬂ dz + l ~' EE dz Lx+1 0 y
=l - To

- .

for X S5 0
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N x+12.5
2 x+10 » - =
or = Exp ¥z 42 [10%%42.55 X > o0
X+2.5 _j
- -ve (3.26)
x+12.5 X+2.5 X+12.5
gsince [ Ty dz = j r, dz + I r, dz

0 § X+ 2.5

according to the additive property of definite integral

calculus, and 10%%+2.5 (= SLx+1G/éLR) is the 10-LSR- st .
time ++5,
1t may be noted here that all the functions in (5.26)

relate o the Ligs #(5. Thus, the 1.1.5. of {5.26) repre-

sents the ratio of number of persons in the age-intsrval

(x+10, X+15) at the time +5 to that in the age-interval

(x, x+5), also at time ++5, The ratio 5H§IIED/5NJE+5’ the

L.H.S. of (3.25), is not the same as the 10=-PSR- gt age x

I{EGS'{]{+E-5;] during the period (t, t+10), since the latter

—
is 51&';::3/511; . Thus, to obtain s relationship between

—

|
10-PSR- at age 105 {x+2'5)j and 10-LSR- at age X (1053;.,.2,5):

[b4

wa need to know the relationship between 108'(1:_',2_5)

t+10 t ] . £ . .
= SH:?:+1{}/5HF; and the ratio 5N1.+10/5HE+5 wihich is

, 5 t+ t+5 ]
related io 1052+2.5 = 50y, 70/ 5Ly through the equation

(3.26).
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as the average annual (empanential) growth rate of persons
in the age-~interval {(x, x+5), vprevieusly denoted by 5rE,
during the decade (%, t+5). Thus, symbolically,

sTx ¥ Fii2,5 ceres (3.28)

It will be recalled that the relation defining 5T (in

relation to a model of age structure) is

t++10 10ucr t
5Hx = c 5 A - EN:[ » e s w (EJEBE}
Now, our problem is how to evaluate thce ratio 5H§i1g/5ﬂﬁ.

The L.H.S. of (3.28), 5r3' being an average annual
(exponential) growth rate, the R.H.S., Ty, o 5 is also

approximately an average annual rate. Hence for th» purposes

of approximation, & rate of 5¥x may be considered to be

operative separately within each one-year interval during

the decade (%, t+10). Thus, we deducc that -

t . . t
5Hx+5 :—"'- ﬂ5 5rx », 5H}I XEE R (3!29)
similarly,
A0 L o Pe5Txe0 | N itD, veene (3.292)
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5% 10 15 the ennual (exponential) growth rste

for the age-interval (=+10, x+15) during the period (%, t+10),

Now, using the equations (3.,29) and (3.29a), we

obtain
59%+30 _ sllgyqo ¢ @ 2 10
+ .
Ht+5 5
. ~5.(er
oI 5;;%1G r 105t(x+2.5}- a (5Tx + 5rx+1ﬂ)' e (5_30)
KX
Using (3.30) in (3.26), we get
[ x4+12,5 =
| =5{( cr_+ T ) . Sl -
15 (xe2.5) + 0 7 2TEHION £ opmp o ZI Tz 32 10%+2.5
x+2,.,5
L
L X ] | R
oxr 1031_[_2'5 3 1{]5 (1’*‘215)‘ C ¥ = } G s wow (3-:51)
X+12.5
WhEI'E, R = -5(5rx+ 51‘3'.'!'1'3) + J I‘Edﬂ asew (3&31 E-)
1{+E.5 1

The above cquation provides the requisite relationship

betweon 1DE'(x+E,5) and 10F1+2-5 « The relationship
(3.31) shows that in general,

10°%+2,5 #

t -
ﬂs (]{+2'5) - e (3‘32)
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However, it can be verifiad easily from th: relationship

_ | ,
(3.31) that the equality between ,.8y.5 5 and 4 S (4.5 5)

which is normally assumed to construct life table from the

disiribution of persons by age of the population under study

at two successive points of %time ten-years apart, holds good

when R vanishes, The vanishing of R 1is ensuied 1in the

following cases:

Ez)é/

i) T, =0 for all =x:— it follows from (3.

that Ni and, therefore, 5H; arc both constants, indepeadent
£ 1 HG d =3 ti H
of T, namely, ; &n ( H? dy respectively. ence
10, t
from the relation, I~I-h-i-mL = @ © 5% o N *ae (3:32&)
X 5% x
defining ¥y one deduces that 5%« = 0 = gFx4q0
x+12.5
Also { T, dz = O, obviously. Hence R = O.
1+215

ii) Ty = r (constant) for all x:—again from (%.22), we

get

e, - - S

6/ since we are dealing with the hypothetical population,
re(t) of (3.22) means Ek(t}.
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and
x+5

Z+h
5H§= j H‘; ertﬂz= ert j H'; dz ees (3.32b)

Now, using (3.32b) and (3.%2a) we obtain

= 10..-% i x%5 o)
Er(t+10) NGO dz=¢e "5% , e N, dz,
X p.d
that is, 5rx =TS gfr40 * Also,
x+12.5 x+12.5
:lli:"E dz =- /{ -I.'E dz = 10 r. Henocc R = Q.
1'['1"'2-5 x+215

iii) The function T, can be expressed as a first
degree polynomial. In other words, ry is linear in X.
In such a situation trapeszoidal rule of integration can be

applied thus,

x+12.5

r, dz = 10 [EP*‘E'E*' Txr12,5 % 5(5% + 5Tx+10)
X+2.5 2

cess (3.33)

In deriving the R.H.S. of (3.33), (3.28) has becn used,

Henea, R = 0,
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Using (3.33) in (3.31) we got
|
10°x+2,5 ¥ 405 (x+2.5)

The csses (i) and (ii) clcarly show that the

- . 1
equality between 165%4+2.5 and 1GS (x+2.5} holds gcod when

the populstion under study is stz tionary or stable. According

to case (iii), T, is of the linear form —

Fr = A(t) + B(t).x cesss (3.34)

where 'A'! and 'Bf arc constants independont of =x. It may
¢ noted that th- cases (i) and (ii) are perticular
situations of the case (iii). Case (i) corresponds to
A=0=3B8B, and (ii) to A =1 and B = O. If (3.34) were
truc then by solving the differential cquation (3.22) it can

oc shown that the age~structure would bo of rather sSpecial

‘crm, namcly,

T al(t)+ = B(+)

ZH£ = const., o sssaee (3.35)

:losc adherence to this special form in real situations is

10t ordinarily to be cxpected.

Thus, from the foregoing discussions wa2 find
nat generslly, Ex 28 usoed in (3.31) and before, cannot

2 considered as Limear fuiz¥isa of x. Let us now & back to
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the formula (3.31). To make the formula (3.31) usable in
g x . | .
practice for estimating 1DEE+2'5 from 103 {x+2.5)’ it is
necessary to express in suitable approximate form of the
integral oxn the R.H.S. of (3,31). Now, using Simpsor's

ruleif of nmumerical integration, we get

X+ 12.5

j Fz % ¥ ( E':-:+;3.5"’ﬂ“'f':'i:+'1'..5 = Ex+12.5}’ = > 0
X+2.5

W

ceen (3.36)

Now, using (3.28), we find

+12.5
f

r,dz 3 %5‘( 5Tx + 44 5Txi5 *5Tx10)s X ) O
T+2.5
vees (3.37)

This, using (3.37) in (3.31), we obtain
3 I -5 1 4
10°%+2.5 + 1@5(}:+:>:.5}-+: £5 x 51'1:+1D)

* XD [?‘ (5%x+ 4e5Pyys + er+1ﬂﬂ

if While using the Simpseon's rule of integration it should
be kept in mind that the interval of integration must be
divided into =n even number of sub-intcervals of equal
width., In the present case, the interval of integration,
viz,, (x+2.5, x+12.5), has been divided into two sub-
intervals - (x+2.5, x+7.5) and (x+7.5, x+12.5) of
width 5,
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:h - formula (3.38); stated explicity,

h}/3

[p 10 « P't”':}) : p 10
6 x+10 5 x+5 ) [ 5 x eor (3.39¢)

% £ \2 %
(EP:{ *SP:{+5) /5P3.+1G

1OQI+E-5 =

——

L -

Let the age-returns of a community according To
its two consccutive censuses, 10-years apart, e sumnarised
into the standard gquinqueonnial age groups (014):(519),

8

(10,14), (15,19) ....... (60,64), (65,69) and (70 =znd abaVﬂ)?/
iow, using the summery information, one can casily obtain
a1 e¢atimate of 1G5x+2.5 through the formula (3.38) or

{ 3 1 iy = o !
(35.39¢c) after obtaining the values of 1DS (x+2.5) and

+i’(i = 0, 5, 10) through the application of the formulas

.59a) and (3.39b).3/

ara—

Differeat form of age—greuging may be considered, if
1zcessary. For example, if considerable digitsl pre-
ferences for ages ending with Q or 5 arc found as
observed in many developing countries like India, the
standard guinguennial age—-grouping may give Some distorted
nicture regarding the age-distribution. Appropriate age-
grouping in which age-reporting crrors duc to digital
biases are almost nil or sufficiently low, should be
sclected, A procedure of selecting appropriacte age-
srouping has already been discussed in Chapter I1l.

However, before applying the formula (3.38), one should
make sure that the age-data in the dquinguennizal ages
according to the two consecutive censuses of the pngulatinn
under study are sufficiently reliable in torms of its
coverage, completoncss and age-reporting. Furthermores,

the formula (3.33) z2ssumes the population under study 1s
closed %o migration during the period wnder conzideration,
Thus, in the presence of migration during the intercensal
period, the census age-data should be suitably adjusted.
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Now, for cons»ucting an abridged lifz table
during the period (%, t++10), we need %o know +the 5-LSR

¢ o A
\ g% 42,5 = 5L3+5/§Lx]. The values of 55%+2,5 can be

obtained from through the following forunulz {see

10°x+2.5
Brass, 1975, p.112; Office of the Registrar Genersl nf

India, 19544, Pon=n ¥n,2, pu17);

V4
(1gsx+2.5 = 1GSK+T.5) eor (3.40)

o=

8
5 %x+T7.5
“ne logic behind such an approximation is as follows:

sbx+10  5hx+10 s5ligs ‘
': DS 2' — — -—-—-———* . "l — E . * ""bx 2-
x+243 SL:’: 5L3'51-5 BL}; 57x+T7.5  D7X+2.5

Siailarly,
10°x+7.5 = 5%c112.5 * 5%47.5

oW,
y .
.8 *, .8 4 8 * £ # o
jD +2.5 107x+7.5 = { D7x+2.5 7 57x+7.5 57x+7.5
Y
ol 5Ex+12.5) 4

Zzking logarithm both sides of the above Tormula, we get

Y4
. :
"“E[iusﬂz.s * mﬂxw.S) = 7\19€ 55g42.5 T 2 o8 g3x47,5

+ log 553+12.5)
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or —

/4 , ¥4
logé.ﬂs}:+2.5 * 1DEJ{+T-5) = ?J-.

-1GE S£4+0.5
&

X+4

+2. 2% log s,.
N t+5.5
X+4

& Py 108 St.10.5

Y
7 X+
log Goﬂx+2.5* 105:-::+?.5) N téi 10€ 815,55
Liq

-eLce, we obtain the formula (3.40).

It may be noted; for the given set of age data
resented in gstandsrd quinquennial age groups, the formula
_3.?8) provides the values of 105+ 5 for x = 5, 10, wesw,

'5; and hence, the formula (3.40) gives the values of

Sxp7.5 » for x =5, 10, *s2eesy 50. The values of 587 5
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relationship between the .wo survival ravios, applicable
to any popula  ion which is closed to 1igration during the
period under study and whose age-returns according to the

o/

TWO C~13%6Usiv- consuses, 10-years ;part1 sy 2re suffi-
ciently reliablec in tcrms of its coverage, complcetaeiress and
dge-rceporting. However, there are anumber of countries,
particularly devcéloping ones, where the caoasus age-~returns
are very much affectcd due to age misstateoments snd also

due to underreporting, particularly, among infants and young
children. Thus, for such counvries, mentioned just now,

the distribution of poersons by age should be smoothed and
graduated before applying the formula (3.38} or (3.39c} to
estimate 1DEx+2.5' It has already been mentioned earlier
that the smoothing procedure, used for the purposc of
adjusting the distorted age data due to age-misstatements,
are rather arbitrary and subjective and therc is some
uncertainty as to whether the adjusted age data, so obtained,
depicts the real picture of the age-distribution sufficiently

closely. PFurther discussion in this Irespoct mey be found

in the second chapter.

10/ Similar type of formulsz can also be derived when the
intercensal pceriod is five years.
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The difficu’ties, mentioned ecbhove, for osti-
meting 10-LS3R (1sz+2'5) through the equation (3.38) or
(3.39c) for countries whcre the census age-returns arec
heavily distorted by age-misstatements, can be avoided to
a grcat extent through the introduction of 10-cum—~-CSR-at
880¢ ,5(10$x+) which is less likely to be affected by ago-
nisreporting as discussed in the earlicr chapter. Thus,
in the following section an attempt has been madec to
develop a formula for converting 10—-cum-PSR- at age X

[158E1+i] in any populetion into the corrcesponding

10-cun~LSR- at age E-(1G5x+) which in turn can bc usecd
to construet a2 1ife table during the intercensal period
und cr 3 tudy through on iterative procedure described

21l cwhero.

5e1.4(b) Relationship between '10-cum-PSR' at age x
and the corresponding 'l10-cum.LSR' gt age X

Integrating both sidez of the equation (3.24)

in the age-range (x, w) woc find:

w W ""_F

N, = IS Ny dy = (B/10) j EXp | - J o d.s-r 1y dy

ceee (3.41)
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It may be notnd taat ocach function in the
bove aquatior refers Lo the time ++5 and honceforih all
e functions pertain to the time t+5 unless otherwise

s ;ated. Now, using the first m2an value theorem of integral

ralculus, as before, we find that there exists a point U;+

ying between X and w such that

W ¥ _ Qé+ _ T oW
3‘ Ex]_:){:d" Iy dﬂly dy = EXp{=- j' r, dz 513; dy,
: 0

W T
Yy
O v

oo

where 1‘:1:.‘;_'_‘(“ and Ty = }qudy
X

To find out the approximate valuc of G£+
uring the period (t, t+10), let us consider the following

Xpression

W y
F(x) = § Exp|(- § T, dzJ H;‘"B dy
p o 0

or convenience, we shall write, henceforth, simply Ny

nstecad of N
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Q1

or

A W T v _T
F(I)-EEP[I T‘Edﬂj= f Eb::pL— § T,dz Ny dy ... (3.41b)
o x % B

Aprlying the mecan velue thecrem (MVT) to the R.H.S. of

(3.41b), we geot

R.H.S. = L
[Cx

c W
j' T,dz ] { Nyady
X X

-+ |
aor R.H-S- = E}:p i H:’[’I"‘ A PR (3.41":)
W
t —
where x <C . <w ond, as usual, Ny, = xI Ny dy

Applying MVT once again, but now to (3.41c) we get

R.H.S. = Exp [-(c;+ - x) Fo, | Bxs vee eee (3.414)

where x < axp <0, < W

The R.H.S. of (3.41b) can also be written as,
x+5 =+10 *+15 ¥
f + J + 4‘: +.....]E:n:p- I"i-z dz |y dy
b4 xX+5 . X+10 X

[ for L.H.S. ser overleaf ]



- 145 -

C. T x+5 [ Cx+5 x+10
= IXp (- g fzdz j Hydﬁr+ Exp |~ £ ;Edz ]f Hyd.'_‘,r
X p s . +5
‘ Cx+10 1 x+15
-+ E}[P - § Ezdﬂ f HF d:f T saee
I x4+10

where x < Cp <%+5 < Cre5 < x+10 < Cyr1s5 < X150 Conrecen

Wwriting N_ = 5 Ny dy, we get

Cy -
R-H.S. = EN-I' EIP_ — J E.E dz’['l' 5“1{_1_5 tEb[P - i‘ EE d.ﬂ

X

-+ 5H1+1G - EIP] — rz dﬂ + s e s s sas

Co—

Applying the WVT again, we obtain

R.H,S, == SHI-EJ:PJ:( G’.'I - I)Eax] + EHEH'ﬁ . E]CP '-- ( 01_1_5—1)551&5]

whore X < ax {CI < X+5, X & ay45 {cx+5 < x+10,

X <ﬂx+1{:}{cx+10 <x+15’- s e ks e oa PR



146 -
wnoting that

g »

Expl-(c - x)F,]% 1 - (¢ - x)
since the T,'s are vory small,

we obtain by equating the
wo different exprossions (3.41d) and (3.41e) for the R.H.S.,
the following relation:
\

Wy [1-C C, =) Far, 1% s¥x [1~( g —x)Tpy ]

* sx5 [ 1= Cx45- X)Tax.5 3

+ 5Hx+1ﬂ [1 - Cx+10 -x)531+103 £
Lcuenbering that Ny, =
-7 dgauce that

( ¢

X+

L I

EEK + SH]{‘PS + 5H1+1G S

+ ( Cxy10 =®)Vaygy10 + Slxo + =-ve-
whereoe UE’I+51 =

Tax+5i / Tagt ®

+ Uaxi10 « Cx+10 « Nx+i0 +

..... J

+ I[ Ngs+™ Ua_x . 5HE -UEI+5 . 5HI+5
— UE'I+1'D -5HK+1O o ---111}
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Now, using the epproximatc eXpression (3.159) for Cop

derived before, wviz,.,

ﬂx -5H1+ GI"‘B * 5H3{+5 + G}:_l_.]__q- ] SHE_I_.IP*""'---.

Ux+ T N i N
5% T5lxe5 + gl qo + - ess
wve get,
E_E‘-x' Cx* 5Hx+ {‘3-:-:+5" Cx+5 * 5Vx%45
T%]{Fli'l'l:}- GI'I"IG. SI'I]{_I_AID'I' -
ot = Cx+=

5“1 -+ 5HI+5 -+ 5Nj:+1‘:| T ens

&

il x — e B T T,

5Nx + 5H3+5 4 5H3+1D -+ LI I

wheroc Gxe5i = Uagesi =1, 1=0,1, 2, veuu.....

fow, in real situations, the Eﬂx+51 (for i =0, 1, 2, ...)
are likely to be nearly T, ., in the age-range (x, w) if
x is not small (in the case of stable population Tags5i
xnd Ty are cxactly. identical). Hence the Caxi54:

Tor 1 =0,1, 2, ee.... are nearly unity, so that the
ieviations EE1+5i' for i=0, 1, 2, .... are quite small.
loreover these deviationa are somotimes positive and some-

times negative. The not effeect is = small R.H,S. = very small
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in comparison to either of the C's. Thus
]
GI.‘I' + cx-‘-— Y (3-411‘)

{(or Cg,) is a weighted average

of the C's. Replacing gNy by gNy = 32— (5H§+5H§+m)

X r
It will be noted that ¢l

and approximating C_, by =x+2.5, we obtain an cestimete

of ¢, (or c.).

Now, using {3.41) and (3.41a) and (3.41F) we
find that -

Pl

Cxy
Hx_l_:(B/lg) Bxp{=- L EE dr.—_.j T , wWhere x < Gx+ < W

I

Now, using thoe above cquation, we goet

i

G
TN (x+10 )+ Cx+ P
EE"1D)+ — Expi — EE dz + E d e ..}E_'*.:.‘!..g ’
I | . o Z T

where x+10 <c(:+10)+ < w

or

C{xz+10) +
J'*‘I(x+1t})+l _ )

N X+ C

I
]
I

!E d.E,IDEI_i_ ssa aw (3-43)
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C(x+10)+ Cx+
gince 1GE‘E+=T:;+1G/TE and f Ezdz = 3’ Ty dz
c 0
c{x+1D)+
= 5 fz_dz .
Cx+

dince all the above functions ir the above relzxtions pertain
to the bime t+5, the expression in the L.H.S. of (3.43)
represcnts the ratio of persons aged xX+10 and above at

time +4+5 +to thosc aged X and above at the scme time t+5.
Henee, the retio N(xug, /Ny, , which refers Lo the time
++5 is different from the 10-cum-PSR— at age X EOSEE-I-j
during the period (t, t+10)} which is the raiio of persons

aged (x+10) and above at time t+10 to those aged x and

t+
above at time &. Siace the ratio 37(3210)1_/]:12:5 is

rolated %o 8 through the cgquation (3.43%), the problem

10 £+

1
btoini n ationsh. -
of obtoining relationship between 1DS(x+} and 1DEI+

t+
amounts to find a rclationship between the ratios HI?::E‘ID) xf

£+10 t

' = I ; sar ch h
and 1t}5(x+) L(x+10)+/ HI+ The search for such a

relationship is attempted in the following paragraphs.

Integrating both sides aof (3.230) in the ago-

range (x,. w) we get,

Nt+1ﬂ
X+

t-"'l

W : -
(o 10.%y ﬂ;;, dy ceeee  (3.44)
X
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Now, applying the first mean value theorem of integral

caleculus in R.H.S. of (3.44), we get

t+10 ., - +
HK—F = EXp ' 10 » rkI"IJ HE+ *eea - (3-4-4&)
L S
W
where ¥ < kg < W and N° = § m; ay.
p.o

According to the notations used here, the
annual (exponential) growth rate of persons aged X and
above during the intercensal decade is denoted by Ty .

The relation defining v, (with respect to the model), is

pE0 | 10T | b cee  ees (3.44D)

camparing (3.44a) with %he sbove relation gives

Tigy $ T .. (3.448)

Thus, Ek1+ which is tho averare anmual (exponential)
growth rate of persons aged x and above during the decade
(t, t+10). The anmual growih rate, ry, , being an average
experience during the period (t, t+10), may be coasidered
applicable for each one-year interval during the decade
(%, t++10) and therefore, we find that,

§ 55 2 o 2* Tx+

+
4 - - H]‘E -wa - e (3.45&)
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a1 ¢

t+10

5.1 10 ' t+5
N(2410)+ e’ *T(x+10)+ (3.45b)

* H(E+1D)T

sl

Now, using the above two enquations, we find that -

NEHH} )" Ht+5 + 247(x4+10)+
! _ x+10H = X+10 e \ \
105 (x+) = el ‘L‘T%_N r el =5 Txs
X+ X+
Ht+5 5(
' = J{x+10)a ro.t ¥(x+10)+
S — ' - . X == ¥ - '6
or 10 (]{+} = HE_I' e ] (5 4 )

How, using (3.46) and (3.43) we have -

e

c
(x+10)}+ .
105 ' (x+) % o’ EE"L * r(x+1ﬂ)ﬂ » EXpi=~ §f Tzdzl 4o8x+
- CI+
cee (3.47T)

To use the abore relationship in praciice, it i3 necessary
to evaluate the integral in R.H.S. of (3.47). The integral

C
(x+10)+

x{ ¥, dz, denoted by I ( gi,» C(y,q0)s)r °2 PO

evaluated numerically under various assumpiions regarding

T, , as discussed in the following paragraphs.
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A NOTE ON THE FIXATION ON Tgi;

The formula (3.62) P really states

)
{ﬁié - —53*’*_) oAt eeen (T4 1)
e 5‘{3

But in the formila (4..3},5.-5{5) is replaced by the constant

5’32# and some clarification is needed.

It may be recalled that in the i~th, (i =1, 2, 3, +.u... ¥,
stage of- iteration, for the i-th life table, LT{-i),-whem age x

ranges over a, a+5, a+10, ceveesas, =5 and b, - we first caleculate

5P§:i) through the formila p{i) = 2/ 5E§:i-1 ) then
b
1§ci"fr-:}m lgti} = 51:-5{:'% . (i) » {1, being taken to be 100,000,

for all values of i), Tt may be noted that the above formula for
1;5') permits calculation of l(big even though the age b+5 is
outside the contemplated age-range a, a+5, sevesess, b=% and b.

i i u u
Then 5L§C ) may be obtained by the formula 5'[.( ) - =5 {lE[ ) 1( / )

in the case of conventional approximation for all X including

SL};:L) since {1% (which ig outside the contemplated age-range)

has already been caleulateds. Greville's apprn:dmtinn. for 5Ly

can also be used to (1) for all x dncluding at x =D
5U% X

provided lgl)ﬂ can be obtained by extrapolating 1. values



beyond age b+5. For the T, column, however, there is a
special difficulty, whereas 51::&5:') 3 1;1} and 5LE,;
can be calculated from lower to higher ages, T&lj is to

be built from higher to lower ages. To get the ngi) column

for the contemplated age range (a, a+5, teese, b} we must, at

every stage of iteration, somehow fix T}El; {which is out-
slde the age-range), independently, before one can apply the
formula T:E:i) = ii;. + 5]:,(1} (for the case x = b first,
and then for other x!'s), Next Ci)ef: colurmm ean be obtained
by using the formila (i}a; = Tx(i)/ 1;(ci) « We are also to
lay the bagis for LT( 141) and therefore we require 5E§:i)

from 5E§.i} to 5E£i) + Now, 5E§El) is given by the formila

;E:i) = {i) / (l) « For 55‘.1(35'), therefore, we require

(l) b+5 > which in turm requires Tii‘g which is to be fixed

independentiy Finally the s(_::'-_) columm is obtained by using

the formila 553::_') = {i) / Tz(-ti) » and for 53b+} therefore,

}.':+5
we require again the independently fixed T.f}i‘; .

From what has been stated above it is clear that

independent fixation of T(i} is of crucial importance. But

b+5

such fixation cammot be arbitrary. An essential requirement

of the iteration process is that it converges in such a manner

that 5S ii) tends to SE;-& as i dncreases. The fixation



- "1"“1-5 -

of T,E:g therefore should be in canfoimity with this essential feature

that 59,5)1') tends to .8, as 1 increagsess In view of the

5 e ~
(1)

, an obvious suggestion would be to fix

by
A,
W TR o

1-5'04-

for all values of i, It will be noted that the relations (I,1)
and (L2) are (practically) the seme when i attains the value
M (say) at whiech the life table attains a (practically; steady

state, A question remains open as to whethor the fixation (I.2;

is in conformity with the basic feature 53&) tends 1o

\
;ﬂb . That is so, is shown by the relation (4al) of Chapter

W in the main texts
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4 NOTE ON GENERAL REVUM OF THE STRATEGY FOR FIXATIOL
OF 5By, THE LAST ENTITY OF THE SET {sE, 7

Let us assume for the purpese of simplicity that
the observed walues of £S5y, are available at ages 5, 10,
15, eevnseas, 60 and 65, TE may be rew-emphasized that the
life table is completely determined onceo 5E65 is fixed.
Also, the same (or nearly the same) values of 5E65 determines
the same (or nearly the same) life table whatever bs the
process, elaborate or simple, of arriving at this value.
finalysis of C-D (West) and S=G model 1ife tablos shows that,
from a practical point of view, it is reasonable to suppose
for the combined series of‘SEéﬁis corresponding to C-D (Wegt)
and S~G model that 5E65 lies between O0,7557 and 0.7967.
Choice of 5E65 28 their mid-value, viz, 0.7762 may entail a
maximm Srror of 2+64%. This uncertainly appears rather wide,
one has to seeck methods by which narrower limits may be set for
5E65' An examination of Table 3.1 shows that this can be
achieved if, on the basis of some suitable criteria (discussed
in Chapter V), it can be found as to which of the +wo C-D {West)
or 5-G model sets is likely to be more in accord, broadly
speaking with the mortality behaviour of the population under
study. The narrowing is to the axtent of 0.23% of +the midvvalue
of 0.7708 for the C-D series, and for the S=G models 1.31%

of the mid-value of Q.7762.
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We have not so far made use of the fact that the
values of 5E5, even when we consider the heterogeneous
mixture of C~D and S-G models, lie within a very narrow AnNge, -
S0 narrow that 5E5 mey be considered to be almest a constant.
The choice of 5E5 as the ‘combined! mid—value, viz., 0,9367
mey entail a maxdmam error of only 0.79%« For the C-D model
alone it is only 0.30% of the mid-value 0.9321, and for S=G model
alone only 0.68% of the mid-value 0.,9277. One may use this
fact of near--constancy of 5E5 as a meansto judge whether the
5E65 fixed earlier is, from a practical point of wview,
satisfactory or note In this conneetion it may be kept in
mind that once 5E65 is fixed, the life table is also fixed,
and gonsequently' 5E5 is also fixed. With refercnce to the
ilJustration given earlier use was made of 5865 values of
West Model for levels 14 and 15. These 5E65 values are,
of course, within the tobserved! limits and consequently the
gelected or fixed 5E65’ obtained by linear intﬁrpﬂlatiﬂn also
is within limits, But, even though West Model 5E5.E mast
also be within ‘observed’limits 0.9293 and 049349 there is
no gurantee that the 5E5 value of the life table, finally
arrived at by the iteration prﬁcess would also be within thosec
limits. It must be pointed out that those tobserved' lLimits
are not so macrosant that these cannot under any circumstances
be crossed. From a practical point of view,values slightly

outside these limits are accentable,



Now, if after fixding a 5EE>5 it is found that
the 'final'! life-table gives a 5‘&35 very. mach oubtside the
observed limits, then one may wonder whether it would not be
proper to regard the fixation of 5E65 as a tentative one, to
be adjusted so that the wvalue of 5E5 becomes acceptable,
without at the same time making 5Ee_5 value unacceptable.
This similteneous consideration of the two quantities can be
made fully objective through the following measure { , which,
is a funetion of both 5E6 5 and 5E5 of tentafive or final

table. The following notations are used here,

il

M( 5Ex) ‘observed! median of 5E}c values of the

(approximate) models.

/LL( 5E§c) = ‘!observed! mean deviaticon about the median of
the 5Ex values of the models

§ _\ 5 - MBS k A 5E65‘M‘:5E<-35)\

In principle, that 5365 is to be chosen which leads to the
smallest 6 « In practice this involves (a) selection of a
suitable set of 5E65 values, (b) obbtaining !finalt life tables
for each B, value, {c) calculation of sB5's for these

life tables, and (d) finally calculation of ‘the corresponding

? 'se The 5E€5 value which-gives the smallest & may be .

taken as the 'final!' fixation. (Strictly, for further refine-

ment, one should treat this as a fixation of a 'focal! or
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key! value around and near which further trial 5E6 5 values

are to be taken for further emination);

The above idea can be pursued further if
similar attention is to be placed not only on 5E5 and 5E6 6>
but on the entire set of EEx values (¢.f. footnote 14 in
main text)s For this purpose the definition of { should be
modified to cover not only 5]35 and 5E65 but also other
E's, Incidentally, § may also be made use of the selection

5 X
of proper model sets Finally, it may be observed that the

general quality of date mey not justify the adontion of the
above laborious procedure to its full length, and short-cubs
may be desirable, An alternative procedure for the fization

of 5Eb can be found in Chapter V,



LPPENDIX-IIX

ON CONVERGENCE OF THE ITBERATIQN PROCESS FOR SOLVING

SUCCESSIVELY L SET OF EQUATIONS ELCH OF WHICH CORRES-

PONDS TO DIFFERENT AGE GROUP CONTAINING SPE'AS U NOWi ¢
MATHEMATIC AL TREATMENT i

When a numerical equation £ (x) = O can be cxprossed in
the form -

X = Qﬂ () oovn.. veeeas (1)

the real roots of the equation f(x) = 0 can be obtained by the
process of iteraztion which has been discussed in greater detail
elsewhere (Scarborouzh, 1958; and Dixon, 1974). A brief mathe-
matical account of the process is given in the following lines.
To begin with the procoss, %t)is necegssary to know, somchow,

G

an approximate wvealue, say X , 0f the desircd root. Substituting

this in R.H.S. of (1), one may obtain an improved valuc say

LL1)

» 0Ff the desired root given by -

1) - L))
Then the succecding approximations are -
EQE) _ (3(1)}

& % & § B F F FE RSN E S e bW

4 & & §F B 5 8 & A d BESBFFEEFEEEY R

x(n) _ gﬂ(x(ﬂ-1))

If ?Tkx) denotes the first order derivative of Qﬁ(x}, then the

gequance gx(n) converges to the desired root (real) under the

condition that ig}tx){ should be l=ss than unity in the neisgh-
bourhood of the desired root. In practice the process is continued

until two consecutive approximations become very clos=e to each
other, In mathematicel terms, the process will be discontinued
at th: r»~th ituration 4f the following condition gets satisfied,
lx(rul) — K(r),{:rér 2 o s u % & & » B (2)
| - 1/
where € is a pre-assigned positive number however small.
1/ To be on safe side, it may be dasirabite to enfurw)that the
ahﬂmlu§a vajues of the differences x r) _ x(r+l) 4na

T+l 2 : _

= - x T should also be less than or equal to & -

X
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In the present case, however, we are not solving

i - 2
a single equation tut 2 set of equations , namely =~

_f(Eij = EPE - 551++/ 5Ex = 0; for x = a, a+5, .. b-5, b...(3)

successively for two unknowns 5Py and SEE corresponding to
¢ach of the above equations mentioned in _(5) » on the basis

of a known set of 55x+ values, such that the solution set

{5PK; X =4, a+b, .... b-5, ﬁ} ﬁatisfiea the properties

of the 5Px Em}umn of a life tabla'—zé' The foregoing discussion,
mentioned in the earlier paragraphs, regarding any iteration
process for solving an cquation of the forn f(x) = 0 indicates
that it is necessary to find whether the equation f( 5Px) = Q,
shown in (%) ', can be eXZpressed in the form ERK = *f? (5PK)’
similar to that of the eguation (1) ,, so as to ensurc the
applicability of the process and to eXanine whether the iteration
process converges or not. It may be noted herc that the mathe-
matical proof for convergence of the iteration process for life
table construction, described below, is based only on the case
where the process takes into account the conventional approxi-

nation for obtaining ;ELK from lx values,

2 / It should be clear in that the cguations, mentioned in (-3} A
arc not sinultancous equations, because thesec equations corres-
pond to different age groups ant cach of them contains two un-—
known E_. and 5Px Which are themselves variable over the
equatings.

2/ Sipce any equation belonging to the set of equations §resented
in x(jj . c¢ontains two unknowns, viz. 5By and _py,there ore,
theoretically, cach such equation may have largc? number solutions

for 5EI and 5Py * But we are not intercsted to all such solutions,

rather, we like to have a particular solution sct of 5Py, Values
which satisfied certain fundamental propertics nf‘thg '5p¥<xﬂumn'

of a life table as nmentioned in the feootnote 28 of the chapter III.
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It has already been s own in earlier scetion that the
e¢quation f(EPx) = 0, a member of the se* of equations
presented in (3}, 1s approximately cquivalent to the eguation
(4.10). 1In mathematical terms, the equétinn f(BPK} = 0 can

approxXimately be written as -

- % %% O ul -— .
5Py = 5Ex+- (#x+5 M E1{+5 SPx)’ wher afﬁ*x'ﬁ;h > (4)
where the set of _s values is known, A is defined by the
5. X+ xX+5

relation {(4,10a) and By ©cquals to 1 + 4 . One may

+5

easily find frem (4.10a) that Ax and BK_'_5 depends only on

+5

5p1+5 since the set of 551+falues is already known to us.
Thus, the <«Xpression in the R.H.8 of (4) ¢an be considsrad

as a function of _p_ and . That is, the equation (4 )

5" X% SPK+5

can be expressed in the following form -
1+I{En : 5P3+5 ), where a 1£ z :f b~5 -*(45)

One may e¢asily find that the above equation is still not in the
form of (1) end hence, the equation fiﬁpx) = 0 cannot be
solved by iterative method using the rclation (4a ) But, if
we can find an age, say k, lying between g and b  where Sgk(;s
known or can be estimated correctly by certain procedurg)
renainsunaffected by the iteration process, the equation

) = 0 can be tran%formed in the following form :

£(5P, 5

5P£i% = W (P ) eeeeeas (4b)



= * * S -
where, \f’(spk_5) 5% (x-5) + (Ak * By 53&-5) (4.c)
1 = =8 |
E'.Ild ;H‘{ = 51:+ andB = 1 +lfl]:c L (4-&}
+ P
Bk

Since the equation f(spk-5) = EEE—5 - EE(k_5)+ / 55k~5 = 0 can be
expressed in the form of {1)  the equation f(Egk—S} =0

can be solved through an iterative procedure by using the relation

,(1)

(4h - Let denote an initial value of P,
5 kx-5 5 k-h.
Now, substituting this initial value of SEK—S' that is, 1% in
R.H.S. of (4.5) | one nay obtain an improved value, say 59& %
of 5Pk-5 given by -
(2) : (1J
5Pk -5 5 Y {sP 5

The subsequent approximations can alsoc be obtained by substituting

the previous approximate vaelue of 5Hk-5 to the R.H.S. of (i.-h).

Now, the question is whether the sequence E'in;' converges
to the true value of 5 =5 or not. ©Now, if we .en show that
|q (5 e 5}] is less than one, as nentioned carlier, our

bpurpose will be served.

Differentiating both sides of (4. ¢) with respect to

EQK_S, we find that -

¥ Ushes) = 5oy, * e e (9)

Since Ak and Ek are i1ndependient of and remain unaltered

5Pk-5



- 454 -

over itecrations: and is & known guanity. One nay

3 a
57 (k=5) +
easily verify that E*J{SBK—E) cannot be negative since both

3 — s 4 J
5 (k_5)+_&ﬂd Bk( 1 + #k ) are always puslﬁlve. Thus, k+;(52k—5)
will be less than unity if and only if the prnductf15s{k 5)+.* g;]
i a >}

is less than unity. Using (4.4d) we find,

_ 58 *(2+ p - .8 )

s *B = 2(k-5)+ 5k 5 k+
5 (k-5)+ X

T+ P

now, the product B will be less than unityif

5%(k-5)+ Pk

( 5$(k-5}+) * (2 TgPye T 55k+) < _’*' * 5Py vennee. (6)

since, s and are all positive fractions,

57k + 5°(k~5) +
after transposing the similar gquantities in one side we find

that the inequality ( 6)  will hold true if ——

2 - — * a s
D 5°04c5) + 5%k + 5° (1 =5) + L (7)
5%k > -
T - Ss(k—5)+
oX if,
s * (4 - s )
5 {(x-5)+ 5 k+
5Pk 7 ' - 1
1 - 3
5 (k~-5) +
or if,

1+ P > 5% (3c~5) + 2.5 = 5°k-2.5

since from (3.57d) cf chnpter III we find that -

o xe L' 5%as)s T, sor an1 ox
- 5

551+2.5 1

5 X+
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The above inequality is true for all Positive values of EPE

8ince SE{k—5)+ 2.5 (= 5 \ / ELP 34 being the S5-year usu=1

life table survival ratlcé;{les between 0 and 1 Hence,

Y, {EPE—5} 18 less than unity for any positive value of 5P

which is known in advance and remains steady over the Various

iterations,
(n) ,
53[ of the successive approXimations for obtained

5Pk-5
through the repeated application of the equation (4.1 ) will

The gbove finding indicates that the sequence

converge to the desired root, say SPk*E’ of the equation

5P 5) =0

known and remain steady over iterstians.

subject to the condition that the value of 5Pk is

Now, after obtaining

the value of 51}1{_5 through the method of Successive approxi-

5/

mation =~ by using the formula (4.p) one ray easily find

E = / (<
that the equation f (5P 10) = 5P 10 59(x-10) + / 5%-10 © -+ (9)

can be expressed in the following fornm as

(i) (1—1)
5P 10 = 1|~‘1”(51} k=40 catsiecnna. (10)

before -

since the wvalue of ERk—ﬁ’ obtained by the method of successive

approximation becomes steady over the iteration&.ii/ Thus it may

4/ It may be noted that the value of
obtained from the given szet of

3/ The 'method of successive
iteration' are Synonymous .

= | | 4
ﬁf Whe re 5P£#1G) and 5 il are the values of

the (i-4)th and i-th

’ h bee
5Ex+ values.

approximation' and the 'method of

5Pk-10 &%
iterations respectively.
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be found @asily, as shown earlier in the case of 5Pk 57 that
(i)

- the sequence of 5Pk—10’ obtained by the method iteration
through the use of the formula (10), will convergze to the

desired root, of the equation ( 9) . Proceeding in this

5P.10?

manner, one may obitain successively the values of 5Pk 15°

5Ek-20' reene, 5pa+5, 5Pa by the method of iteration.

The above mathematical treatments reveal if the wvalue of

s+ Where a <. x Fi b~5, is known, remains unchanged over

5Px 45 =

the iteration, it is possible to show that the following cquation -

f( EPI )= 5}'}:{_551[4. 5E][=D L BN {11 Er)

Can be approximatcly cxpressed as a linear function of _p |,

as shown below:

(i) (1-|J (i“1)7
5°x T L}/(512 ) T st s TR s 101D

- A
whoere P(iﬁq) and (i)

- . t the (i-1)%
P 5P are the values of .P_ at the (i-1)th

and i-th iterations respectively and the co—-efficicents :L/ A
X+5

and B indcependent of pr, are given by,

Xx+5"’

1/ It may be noted that the valucs of the co-cfficients A 45
and Bx+5’ which are dependent on Fp 457 also remain unaltered

over the various iterations for a given value of _s :
g 5 (x45) +

because, the value of 5p is knovwn.,

X +5H
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1
2T 5%(x45)+ and By =1 +A o eee (1i ¢)

ﬁi+5 } T 4 =P

- 57 %45
Furtheremore, it can be shown that the sequence of Epii) values,
ocbtained bg the method of iteration through the use of the
formulas ({1b) and (§1c ) will converge to the desired

root, pp, ©of the equation {14a). Thus, for example, if the
value of 5P 2 where a + 5 EL k f; b is known and remains

steady over the iteration, one can find all the values of 5Px?

where, a jé x < k~5, successively in a decreasing order of

S—

X starting with oW 5 1y tne method of iteration through the
formulas (41p) and (11 ¢ ),

Now, let us go back to the iteration pnrocess which has
been proposed for construction of life table at ages a onwards

on the basis of the observed get of 551+ values, that is,

A
5$x+ 3 X = &8y A + 5, seseas b-ﬁ-,t:? > The process nay

r-

-'.I.

start with any arbitrary set of SE1 values (pnaitive] -

G |
R f{ ) i x=a, a+5, vevv., be5, h}. Applying this initial

EBt of EEE values on thz observed a=+ pf 55 values, one
. X -+

can obtain the first approximated set of 5P values - %_ (1) 3
X = a, 3 eaes =23
a, a+b5 s b=5, Db f through the formula Px 5 x+}/5 <*

5Px values at ages a and above

may be used to construct an abridged life table at mges a

This first approximated set of

onwards which will, in turn, produce a new set of EEE values

=

at ages a and above., This new set of _E_ values may once

h x
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again be applied on the observad set of 55 values to obtain
X +

the second approximated set of pr values at ages a and asbove

winlch will, in turn, produce another new set of EEx values at
ages a and above after constructing a life table at ages a and

above with this neyw set of SPE values., Similar operations may
be repeated in g ¢yclical order until the two consecutive sets

of 5Ex are almost identical. It is interesting to note, as

mentioned earlier, that the iteration process for construc tion

of life table is such that it makes the last values of the initial
(o)
set of 5Ex, namely, SEh » invariant over the various iterations

and therefore, the last value of the first approximated set of 5P4

_ 1 .8
Values, namely, PE ) al2o remains invariant over the iteratinngr‘/

2
g!
Since, 5Pb ) remaing steady over the iterations, the formuls

(A1b) starts acting implicitly,—?'/ from the second iteration
onwards to obtain the values of SPb—E at various iterations
and finally the sequence of Epéfé values will converge at certain
stage of iteration to sope value, a root of the equation f(EPh—5)==D;

and until then the other 5P, 'S where a < x £ 1-10, go on

changing their values at varicus iterations through the

i e

El} This invariant characteristics of SEiaj and 5p51) Eave

already been shown empirically and mathematically, For
details, see Section / 4.1.1.(1) / of chaptor v,
2/ The word 'implicitly' has been used here to signify that

i1teration process for life tgble construction, but actually
it is acting latently during the iteration process, It
carries the same meaning wherever it is used,
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19/

formul o (4%&). implicitly. As soon as the value of pr 5

converges at certain iteration, the formula ( 1. b) once again

starts acting implicitly from the very next iteration to obtain

the values of at various iterations and finally the

P
5 b=10
(i

segquence of BFB—TD values converges to certain value, a root

of the equation - f( ) = 0; whereas, the other 5P, 'S¢

5Pb-10
-

where a fi_x ‘— L=15 g0 on changing their values at varicus

iterations throuszh the formula (4;) implicitly. This process

will continue until all values of pr become steady over the

various iterations. It szhould be mentioned here that the whole

lifec table at ages a onwards is determined uniquely by the last

glo)

value of the initiszsl set of 5EK values, that is, gy 7.
Because the iteration process of life table construction converges

for any arbitrary initial set of 5B, values (positive) of which

(o)

only the last value of the initial set of 5Ex, namely, EEb

remains unaltered during the iteration process; whereas, the

other values of SEiD) - for =X C: b gt modified successively

during the process of iteratiom. Hence, one has to take utmost

care in determining the wvalue 11/ of 5EE}G}; the remaining

values of Eiu) for a é_I £ b-5 could be any arbitrary

5

positive values need not necessarily be less than one even.

1.0/ It is worthwhile to mention hePe that though the structural
forms of the twec formulas (44 b) and (441)- are apparently
identical, but actually in the case of the former formula

— 3 . t 5
the co—-efficients £K+5 and Bx+5, dependent on 5p1+5, remain

steady over the wvarious itersastionz due to invariant character-
istic of _p » Whereas in the case of latter one the behavior
of &w agdx+5 B iust the . o

B, are jus & TrCVersc.
X =+5 *+5

14/ A method of estimating appropriate wvalue for 5E£D}, the last
value of the initial set of B, 's, are discussed clsevhere -

( 3ee chapter ¥ and scce also Lppendix~I)
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While c<2scribing the iteration process, it has
been mentioned that the process will be discontinued as soon

as the following condition holds true, that is,

(M-1) (M)
E - K
b x 5 X
/éE for all ¥ .... { 12a)
(M-1) |
E
5 x
(M)
where, _H is the value of E . obtained
5 x 5 x .

from the M-th iterated life table, M is a positive integer,
however large and & 1s a pre—assigned positive number, however
small. DNow, our problem is how to obtain the condition { 12a)

It has already been mentioned earlier that the iteration proceas,

(n) = _s8 E{n_ﬂ) ...{12b)

operated through the formula - EPK = gl 55

where vhe upper suffix within bracket denotes the iteration
number, will convoerge for a given set of 5$x+ values subject

to the condition that the last valuve of initial set of Ex

5
values will remain unaltered during the process of iteration.
According to Cauchy's gen&fal princinle nf Convergence

(Narayan, Shanti, 1962), the necessary and sufficient condition

¢ k
for convergence of the sequence éﬁpin?f is that to every
positive number, F;hﬂwever small, there corresnonds a positive

integer m, however large, such that -

EPinﬂ?') _ EP;E.:H)I{: f? , for all x ..... (12¢)



- 461 -

where n Z/ m and P has any positive integral values_.
In particular, let us take an integer M which is greater

than m . Now, taking n =M and p = 1 the inequality { 12¢)

becomes -

(P-‘H-i} (H)
5 X - Z 1‘5 for al; X
(M41)
Now, dividing both sides of the above inequality by 5Px ;; 0
we find -
(M+1) (M) . E*
5Px T shy 4 " €I =& (say), for all x ..(42q)
| (M+1) : 5Px
] 5P :
X
(M) {(M+1)
Since SPx and 5PI are obtained fronm the M-th and

(M+1)~-th iterated life tables respectively, then as per formula
(12b) we find that -

(1) (M=1)
SP][ = SEx_l_ /5E1 " rrstEwa (125)
(M+1) (M) |
and D = 59, // 5B, cesesne. (42£)

substracting (12%¥9- from (12e) and then dividing by (12#)"

we obtain,



usine (1) ot (12g) ve obtein th desine conlition {2a).
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APPENDIX - IV

Table A Aal

Single Year (Unsmoothed) Age~Sex=Distribution for
All-Tndia, 1951 Census Adjusted for Boundary and
Age not Stated

e — A

i g

— L —

hge _Fﬁgggﬂglatiﬁgmale Age Mi?ﬁglatiEZﬁalﬁ
0 6020960 58,9767 19 1968505 1824799
1 LO734L07 L0/0665 20 5232126 5935223
= 4836317  A795289 21 1871814 1748329
3 4876693 4961432 22 3408431 3421924
4 4775040 4692588 &3 1848150 1746397
5 5380386 5144216 24 2415316 2352423
6 4804915 L680246 25 6610760 6526009
7 4331654 4197854, 26 2414027 2191931
3 5147567 4923940 27 1912191 1692003
9 3642410 3583081 28 3040675 2930306
10 6319986 5867563 29 1310466 1196500
11 3193071 3066791 30 6727535 6952360
12 6143171 5177607 21 =ieeas AeseTs
13 3247828 3039210 32 2841362 2495806
14 LO5786 3680640 33 1258784 1077905
15 LL28376 3897532 34 1512265 1371193
16 3895396 3695952 35 5892806 5218902
17 2274505 2165305 36 1899090 1580295
18 4303822 4246275 37 1232447 1033255

Contdeess/
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Teble A L.T1 (Contd.)

— -—

Age

- —

L

e . i ey T gy EE, v i P Sl g g— ——

s il S N NSy my; il TS S S e

38
39
40
41
- ,
43
A
45
yAS
47
48
49
50
51
52
53
54
55

mif lﬂt%’i“m Te Ago mﬁ?“’h‘tﬁ;m
1895025 1710016 56 661113 572191
999649 853221 57 493697 407397
61971770 5881805 58 710794 604842
951907 776969 59 421878 343279
1785718 1474477 60 2063801 3252414
899740 738449 61 380160 359277
1053095 899211 62 - 57T 558945
4599464 3947085 63 318461 283399
1006880 834543 64 373857 352275
852792 689197 65 1267573 1284980
1329458 1167516 66 257350 232963
682488 605559 &7 228569 208051
4076328 4504461 68 273257 273998
696587 556577 69 170583 163900
1092585 906515 70+ 3603250 3869659
593544, 500042
737935 641648
2485003 2172171

P —

Total Population

il -

Source:

A

il v g vl S - i, v

i W T— gy T T g B

G. Somagekharan Nair, 1969, A Demographic Study

of India - Baged on the 1951 and 1961 Consus Dataj

submitted to the Demographic Training Research

Centre, Bombay as a part of the training programme.
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Tablc A

2

Single-Year {Unsmoothed} Age-Sex~Distribution for
All~Tndia, 1961 Ccnsus Adjusted for Boundary and
fi..gE'- not Stated

Age Mﬂiiﬁulagizzia
0 6807683 6772188
1 5852307 5846407
2 6789315 6667723
3 7035679 7123823
4 6724124 6546505
5 7883641 7372317
6 7184625 6810045
7 6195514 6098092
g 7045717 6639784
2 4783988 4708103

10 7561523 6835142

11 3662138 3470942

12 7041206 5716255

13 3675611 3265208

14 4350300 3764119

15 4581088 3843482

16 4231369 3973233

17 2384908 2271308

M i i T S gy S W S s gl el e S S S fpol gl it S S e

[go

i il el

18
19
20
21
22
23
24,
25
26
27
28
29

30

31
32
33
34
35

-—

L

i ———

Population
Male Female
5146131 5107005
2275433 2113376
6215477 7426816
2397902 2159647
LE5TTI9 4691309
2294850 2153069
2680804 2736362
8411376 8713474
2906925 2586373
2169557 1833166
3806431 3831889
1275924 1110551
8998880 9096918
1133486 867664,
3380059 2840801
1188531 935554
1311010 1130003
770760 6854660

Contdes +« 1/



Table A 4.2 (Contd.)

A — il - - _— o o WA T - L

Popuilation Population

Age - Male Femade Age Malo S

36 2020457 1616144 55 3200488 2940540
37 1092873 835228 56 662680 521981
38 1975296 1858403 57 384699 3821?3
39 831760 706551 58 637232 564958
40 8013308 17519204 59 311194 242881
41 773834 581886 60 4326192 4417255
42 1846387 1497143 61 354658 274070
43 721283 571351 62 559141 466206
A 744792 612575 63 218627 175727
45 6218456 5385432 64, 251587 203114
46 926136 7722602 65 1757007 V744357
4 691296 520068 66 199332 160939
48 1358254 1244868 67 169152 137993
JAe! 550038 455923 68 232232 229484,
50 6423029 5956354 69 116230 107826
51 559013 404408 70+  AV78755  LAAG04LS

52 1125773 850113 .
53 L66646 336954
54, 562293 437521

—— L R ] — — il S —

Total population 226293201 212941570

L = il alair—

—

e e Sy - — —

Note: The procedure for boundary adjustment has been described
in Chapter V of the text and the relevant werc borrowed
from the census publication : . ‘
Office of the Registrar General of Indla, 1964, {:'-}t:n:':,:u::_'l._":1
and Cultural Tables, Census of India, 1961, Vol.l { Indis
Part I1-C(1i,, Govermment of India.
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