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SUMMARY. The conventional double-decrement table for a body of lives is generalised to
include the case, where at cortain ages, one of the decrements may be negative and therefore of the
nature of an increment. Expressions derived from the generalised table enable us to assess the contri.
butions of the differences in mortality at and above a certain age to the difference in the complete
expectation of life at that age, us betweon two life tables. These oxporessions have been verified in
rospect of the oxcess of the female expectanoy of lif at birth over the male, in the Eastern Zone
(India) Life Tables. Males and Femalos, 1951-60, as also of tho gain in lifo expectanoy at birth in the
fomale table, caused by a supposed partial climination of the causes of death associated with prognancy
and childbirth to about the same proportionato extent at all agos in tho fomalo reproductive period and
consequent improvement of motality at these ages.

1. INTRODUCTION

It may be required to assess the contributions of the differences in mortality
at and above a given age to the difference in the expectation of life at that age as bet-
ween two life tables. Or again, when a specified cause of death in a certain commu-
nity is intended to be wholly or partially eliminated by appropriate measures, it may
be necessary to esti the i d exp ion of life under the improved condi-
tions and to assess the contributions to such i of the reductions of mortality
at individual ages, as also the significance of the relative contributions in the context
of effecting further reductions of mortality. In this paper, an attempt is made to
provide a solution to the above problems, and as will be seen, the solution rests on
the application of what may be said to be the generaliscd theory of the double-decre-
ment table, where the net force of decrement may be the excess of a force of decrement
over a hypothetical force of increment, as an extension of the usual case, where the
total force of decrement is the sum of two forces of decrement.

2. THE GENERALISED DOUBLE-DECREMENT TABLE

2.1. Let there be two mortality tables, which together with their associated
functi are desi d by « and f respectively, and where the force of mortality
of table (@) is greater than that of table (8) at all ages. That is,

5> p, for all values of ,

or = it
where ] is & third and )! ry force of d t y. Considering the forces
of decrements £ and y to be in operati her as in a double-d table,

g% and g7, the respective dependent probabilities can, by the employment of standard
methods,” be obtained in terms of (ag), and (fyg),, the annual rates of mortality respec-
tively in life tables («) and (#). The life table (@) which is a single-decrement table

*L.V. Hooker and L. H. Longley Cook (1057): Lifo and Other Contingencies, I, Combridgo
Univorsity Press, 30-32.
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showing decrements (ad), (deaths at successive ages z) against corresponding values
of 12, can therefore be split into a double-d table, showing at each age =,
the decrements ,d% and ,d}, where
=g d=ka
JodY = 13 (g3+D) = 13 (aq), = (ad),
and 241 = 1i—(ad),, a8 in life table (a)

1 1

h to the case

2.2, An alternative af above is to write

P
"= m—t,

which would now represent the case of a body of lives, subject to a force of decrement
z, concurrently with hypothetical force of increment y, and thus to a net force of
decrement . being the excess of the former over the latter. Defining (y/), as the
proportion in which the number of lives increases from age & to age x-|-t under the force
of inerement g2, (yi,) us the annual rate or independent probability of increment y
ut age v and if as the dependent probubility of increment y at age x, we have, by suit-
able modification of standard methods, the following results :

L= (fg), = [1—(aq).] - [ H(yi),] oy

(¥i)e = Haq)— (Fy)AlL— (ag), ) e (2

(B, = Ga—ix e 3}

¢z = (ag)f1+3(vi).) (@)

and i = (i), . [1- Mog).} - (B)

Fron: the above. we can express 43 and 7 in terms of (2g), and (fg),. and
fore in a position to write life table (#) in the form of a deerement-inerement
table, showing at eacl age ., the decrement gdf and inerement gI3. where

= g Gli=1Li

sli—glt = IB(qi—i1) = 12 (Ba). = (Bd),

and 124, = 12—(fd),. as in the lifc table (f).
2.3, Il the two life tables be such that at cortain ages .
> ph
or M= pitur

the life table (x) can be transformed into o double-decrement table as in Section 2.1,
the numbers living at ages ¢, 12 remaining the same as in the life table.  Lf at certain
other ages y,
n<u

or B=a-

the life table () can be presented in the furm of a decrement-increment table as in
Section 22, the numbers living at ages 3, 13 again remaining the same as in the life
table. The different sections of the new table where upposite conditions as above
hold, are mutually oxclusive. At some ages w, it is the conventional d ble-d t
table, while at some other ages y, it is a decrement-incroment table, or on the whole
it may be described as o generalised double-decrement table, where one of the deore-
ments may at certain ages be negative and therefore is of the nature of an increment.
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According to the al i pproach ioned in Seotion 2.2, we may
also write

= IG—p
and = 1+,
so that the life table (#) can also be expressed in the form of a generalised double-
decrement table, where at ages w, it is a decrement-increment table, and at ages y,
it is the jonal double-d: table, i.e., opposite in character in each of
these sectors to the generalised table as under the previous approach. It is to be
noted that whereas in the previous approach, it is the lifo table («) that is transformed
into a g lised double-decrement table; in the all ive apy h, it is the life
table (#) that is so transformed.

3. ANALYSIS OF THE DIFFERENCE IN THE COMPLETE EXPECTATION
OF LIFE AT AGE z BY TWO LIFE TABLES
3.1, Considering u3 = p8-p} for all values of z, the lifc table (a) being trans-
formud into & double-decrement table involving decrements fand y (Section 2.1). we have

i) = I 14fp).~dap) M, dap):
where and ¢(#p), are the independent probabilities of survival from age « to age x+!
against decrements x and f respectively.
= T L)), dyp) M, sinee (ap), = dfp). - dvp):
=T dpp1—dym) d

=T B A e

- [ v, i f e e

T 0yp), - figa dBp), - | ofp), cdrdt
L "
«
= J dap). . fier, €fhudt
a n+) G
= n-l);( ap), - pilgr. €80 dt
a’ 1
= dap), [ dopdsn - eanss - € Bt
. L 1 1 5
= Z o) [ oo hine 1. | #ndt

= E"v.(aﬂ)x <24 - €804y, where gl,, is the dependent probability of

ment ¥ in the double-d nt table at age z+n
N
= l/l;"a‘ Lin Qign - ‘é(z‘+)u+l

=113 -Enalh.. A .. (6)
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where 7., = d v in the double-d table at age a-+-a.

i.e., the clements dZ,,. &%, ; at individual ages, summed from the highest age in
the table upwards upto age 2 and divided by 13 will, subject to the approximations as

ubove, reproduce ¢ — &, to which the tribution by the improved mortality
of life table (B) over life table (@) between ages x-+-n and x-n--1 represented by

1
By (= J unse - Kignradt) may be taken 08 1. Ly 880y
3.2. In the alternative approach uf = ui—pl for all values of z, the life
table (#) is transformed into a decrement-increment table involving decrement a
and increment y (Section. 2.2) and we have

- ) = [ LB~ dap) b

- J dap) D), 1), dt
H
since (fp), — dap), . 1),

a t

=1 dap) f oDy, pgitr dt
2 ) 2

D, e dapy, . [ dap), (drdt

0 0
.

= [dpp)s - iia - 5t which, proceeding on the sume lines as before,
o

.
PSR Gl #y e (1
]

where 417, is the inerement y in the decrement-increment table at age w4-x.  Simi-
lurly as before, the superiority of life table (#} as compared to life table () in respect

1

of mortality may be tuken to be represcnted by 47%,, (= I 1t Bhenge dl) between
0

ages b and c4n--1 and the contribution of the same to 69— as 1/14 . 412, .

:‘.'1,.“ . It will be noted however that

I dap), - i éat ={ BRI . s €6
. . « o

or 5.2 im0y = l/l{,.E“,l}M b
ued e

but the individual clements 113 . by, . e%,4y and 1/12. 1%y, . €51,y are not the

1 o
same. A simple and reusonable method would be to tuke the mean, 5 fedzsn - il
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134 g0 en - #2ns4/iE) a8 the contribution of the improvement in the rate of mortality
at age x-+n, viz., (29),, »—(fq)s. » to the gain in the complete expectation of life at
age x, 8 —&".

3.3. Considering now that at certain ages ., uf = pf+pul and at certain
other ages y, p3 = pj— ;. the life table (2) is transformed into u generalised double-
decrement table over the whole range of ages (Section 2.3). To prove that a relation
similar to (6) but consisting of both decrements at sges x and increments ut ages 4
corresponding to % and g respectively, holds in this case as well, let 4 > u? at all

uges between x and x +n and 4* < #® at ages above x+n. for the purpose of demons-
tration. We have then,

"
A= = [l B, —ilaxp) it
«
+ [ TdBp).—dap),Jdt.
h
The first integral = I,(;p)‘ Jiie PEA
- 5
o LG ) PRV AT B A )
The second term in above - —j:‘ ABY), - d¥P), - fey - o ikBD), ¢ S
(]
), T R, gt

— )1 o), e

1LABD). = f2p, I
Therefore the first integral

n
I dap), g A= LUBR), - (2p)s)
]

By similar methods, the second integral

= [lBP).— ap) 18— (ap), f dap). - isuer - gl

I

Hence, o el
n
—“.! o) et el — (ap). I U2P)e - Hrgwtt- Enradl
n
= I dap)pty il — [ dap) i

=113 l 5y it - C?u..— P> -Ink 1+n|] e 8
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The above is of the same form as (6) and involves the same principle, viz. that

at ages x+k(k>n), the increments ol%.1 and the elements oI%,; . #8),.4 being negative,

and at ages z-+k(k <n), the decrements ofe:k and the clements it - 88y
being positive, the lative sum of the el ts with regard to sign from the limit-

ing age of the table (o nge v. divided by 1} is approximately equal to &2, This
must also e true when (2g),—(A9) +hanges sign irregularly in the whole table.

. TR T,
Nimilarly, adopting the alternative approach (Section 2.3), e —e® is also
" 8 $ o)
= 1/";[ S pllek - &y~ T plee - 9:+A-+9]» M
k=0 k=n
the increments and decrements taking the place respectively of decrements and incre-
ments of (8).

Combining (8) and (9). #"—é”

[T . .
"i-k:"; [ols . - &% it plhas - 8isy/15)

R y
—A)‘ B Y 7 ) S R L
=

and the contribution to ¢/"—& by the difference in the mortality rates at age

a-f-klhk < n) = },—[,d;u. g eﬁ,"l.,,!l}-{-,l}u.ﬁ‘,’ih,llﬂ or more generally at any age

r4-k. where (xg).—(fq), is positive, and that at age v-i-k(k > n)= ——;—[ alloe - 8800/

134+ pd2y i . 880044/14), and also whenever, (xq).—(f), is negative.

4. IMPROVEMENT IN LIFE EXPECTANCY BY COMPLETE OR PARTIAL REMOVAL
OF A SPECIFIED CAUSE OF DEATH, AND ITS ANALVSIS BY THE
REDUCTIONS OF MORTALITY AT VARIOUS AGES
This involves the same principle as applied before. But here we have to
determine the expectations of life at various ages under conditions of reduced mortality
caused by the complete or partial elimination of a specified cause of death.

4.1. Tt is suppused that we have a life table representing the mortality
rates of the community before steps are taken to eliminate completely or partially
the specified cause of death. If s, u% and pf are respectively the prevailing forces of
mortality at exact age a, under all causes, the specified causc and the remainder of
all causes, and the specified cause is independent of all other causes, we have

He = pEa
and assuming » to be integral and that a fraction f, of xZ,, for all values of 1 between
0 and 1, were to be climinated in the future, ##,, remaining unaffected.
Meve = [ FO=fpba4fe - phae
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If further we assume bhat s}, = K, . jtg4e for all values of ¢ between 0 and 1. we have
1 = (1=k)) . pzp
and pope = 1=k fo} ke fo pizie e (10)
so that at all ages between & and z41, of the total furce of mortality prevailing at
present (the basis of the life table), a fraction &, . f, being supposed eliminated, the
remainder 1—#, ./, would remain in operation as the basis of tho reduced future

mortality. In the case of the complete elimination of the specified cause of death,
f. =1, and the above fractions would of cunrse be k, and 1—Fk, respectively.

4.2, While f, would necessarily depend upon the intensity and appropriate-
ness of the measures adopted, the value of &, under present conditions may bhe obtained
from an analysis by causes of current statistics of deaths. For instunce, if 7; and 6
be the calendar ycar deaths due to all causes and the specified cause respectively,
at age z last birthday, we have

1
A= f Py ut, dtdr,
iy

where P, . dr = number of lives attaining exuct age x--f between times r and r4-dr
from the beginning of the calender year

11
=k [JS2Peu praay - dbdr
e 0

=k,.0,
, = 016,

Further, the calendar year deaths duc to the other causes. 6% = (1--kg) . 1z, and the
future elimination of a part of the mortality due to the specified cause as described
above would mean that if it is applied to the present cunditions otherwise unaffected
(including the values of P7.;), the calendar year deaths eliminated would be f, . 6] or
fz . kz . 6; and the balance ropresenting the total of 07 and the remainder of 02 would
be (1—f, . k,) . 0, to which A, should have been reduced (compare equation (10)).

Tf the death statistics are provided as usual in ago-groups, say in quinquennial
age-groups, z to x-4-4 Ist birthday, we may assume that values of k; (and also of f;)
are the same between integral ages z and x+-5.

4.3. Obtaining the value of k; (Section 4.2) and assuming a value for fz,
equation (10) can be written as

Past =Te figt 8- Pt
for all values of ¢ hetween 0 and 1, where s, = k, . f, and r,+s,=1
=P‘n:+l‘:u- - (1)
Where fiL, = T,. flarts Mlasy = 9, . foeqt 800 sy, in the force of mortality at age 2+4,
to which the prevailing furce of mortality 45, would be reduced after the elimination
of & part of it = u,,.
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Applying the nbove prucedure to all integral ages . and above, the life table
referred to above may be p d as & double-d: table (Section 2.1), the life
table deaths d, being subdivided intv deaths d, and d,,

) i '
where d, = I,,.J' Pyt =y ly!,-p,,A/.,, et

Sy gy rydy

and similarly, dy = sy iy w0 that d sy - (1, 4 x) o dy - dy.

If e, and e, be the complete expectations of life at uge v according to the pre-
vailing (life table) mortality and reduced mortality respectively, we have by equaticn
() (Nection 3.1)

};_;:';”1:' X 'i;-n-i;ﬂu .o (12)
n=0
or L(&—¢) = Z dpun . brpnsye
nen

which. remembering that d,,, may be assumed to occur at the middle of the year of
age ie., at age a--n rl, at which the complete expectation of life under the reduced

mortality == é;,,., may, subject to fhe approximation in equation (12), be interpreted
as follows :

The increase in the number of years lived after age x by a group of lives aged

that would be caused by a partial climination of a specified cause of death, is equal

tu the total of the numbers of years that the deaths occurring to them at successive

ages under the conditions of the original mortality and corresponding to that part

of it intended to be eliminated, but supposed to have & fresh lease of life on such eli-
miuntion, would live under the conditions of the improved mortality.

Thus, from equation (12). the contribution to ¢;—é, by the reduction in morta-

lity between ages x--n and x+n-+-1 may be taken as 1l . dz,, Eopange

44. To evalunte these contributions, we have to obtain the values of &,
for all integral values of y > r. We have

. 1 .
loge p, = — J R

1
==y ] pyedt
0

=1y logepy,
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from whioh, the values of r, aud p, being known at all integral values of y, the corres-
ponding values of p, may be obtained and used to build up the I, column of the life
table based on the reduced mortality (taking a suitable value for /;) and hence L,
and T, columns, whence ¢, = T,/l,.

4.6. Adopting the alternative approach (Section 2.2), equation (11) may be
written as

Pewt = Hart—Hpts

und the life table based on the reduced mortality constructed as above and showing
values of I and d, at successive ages may he presented us a decrement-increment
table, where

1 .
the decrement dy, = -,nI wy - Myt

1 . .
= i ) r,,nj wy My dl

iy Ly = Ny

1 . .
and the increment 1, = I, [ tpy - fy0 - d!
o

I

1 -
Iy sl ] 0

=sylry . 1, 4, = 8ylry .},
s0 that dy—1I, = (\ry—8yiry) .d, = (1=3y)lry . d, = d,,
and I, = dy—d,, may be looked upon as the overstutement of denths on the basis
of the original mortality as against the reduced mortality, i.e., to the extent of the
part of the original mortality eliminated. Further, by equation (7) (Section 3.2),

G, AL Heenes 19
n=o
o © g - °
or Ife—8) =2 L &y
#=0

u verbal interpretation of which, subject to the approximation in (13), may be as
follows :

The increase in the number of years lived after age « by a group of lives aged
2, currently experiencing mortality reduced by u partial elimination of a specified
cause of death, is the total of the numbers of years that would be lived under conditions
of the original mortality, by the excess of lives reckoned as or the of
deaths at successive ages on the basis of the original as against tho reduced mortality.
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Thus from equation (13), the contribution to #,--&, by the reduction in morta-
lity between ages x--n and x+n- 1

= L i

and finally, considering the other value of the same (Section 4.3) and taking the
mean, the contribution

Yip o . "
= gl Expneilletdoin - €ayunifl]

1 . | '8 . 1 o .
or O AT R IR A ORI VAR

5. APPLICATIONS

5.1. For verification of the theory leading to formulae (8) and (8), we have
selected the Eastern Zone (India) Life Tables, Males and Females, 1951-60, which
show oppusite differentials b the respective mortality rates at various groups
of ages. In with the developed ies, where female mortality is consis-
tently lighter than male at all ages and life expectancy of females is higher than that
of males at every age, in India, the complete expectation of life at birth for females
has been consistently smaller than for males, although the position is reversed from
after middle life, on account of female mortality being lighter at the corresponding
ages. This is also true for the different pupulation zones into which it has been
customary to divide the whole of India since the 1951 census for the purpose of drawing
up the zonal life tables, with the exception of the Eastern Zone in 1961, where the com-
plete expectation of life at birth for females is fractionally higher than that for males,
while at other ages, the differential shows several changes of sign, being in favour of
females from a comparatively early age. The reproduction of these differentials
at the initial points of the distinctive groups of ages by the application of formulae
(8) and (9) are shown in Table 1, as also the analysis of the differential at age 0 by the
differentials in mortality rates in those groups of ages.

5.2. From the fact that the excess of the life expectancy at birth of females
over that of males as by the above tables is prevented from being anything more than
the small value (see note under Table 1), mainly because of the heavier mortality of
females at ages comprising the major portion of the reproductive span of life, it would
be of interest to see to what extent a partial removal of a cause of death specifically
related to pregnancy and childbirth would alter the picture of comparative mortality
and life expectanoy at various ages.

We have from Vital Statistics of India (Registrar General of India, 1960)
the proportions of female deaths (1960) in Weel Bengal in vmous qmnquenmal age-

groups, due to aspecified cause of death, viz., jes and of p
childbirth and the puerperium. Assuming that about half of the force of momln)
due to the epecified cause would be d by appropri we have the

values of &, 8, and r_ in the following table.
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TABLE 2. VALUES OF ks, o; AND ry, DERIVED FROM
\WEST BENGAL FEMALE DEATHS (1060), (f: = P

" hmmy) ks o = faks 2

m @) 3 )
10-14 044 .02 .98
15-10 AT .26 16
20-24 341 a7 .83
25-29 .280 4 .88
30-34 .288 .16 .85
35-39 £ 12 48
4044 .70 04 .98
4549 018 .01 .9

Assuming that the distribution of female deaths accurding to cause of death (West
Bengul, 1960) held for East Zone (1951-80) (East Zone comprising of West Bengal
and other adjacent states) and applying the above values of r, to Eastern Zone Life
Table, Females, 1951-60, the life table on the basis of the reduced mortality is built
up (taking I, =/, for all iutegral values of x from 0 to 10), and the values of &, for
all values of .« from 0 to 49 and the respective gains in life expectancy obtained
(e; = ¢, for « > 50). The verification of the latter by formulae (8) and (9) at age 0
and every quinquennial age from age 10, and the analysis of the gain at age 0 by the
reductions in mortality over the quinquennial age-goups are shown in Table 3.

5.2.1. The partial removal of the specified cause of death as described above,
improving as it does, the fenale mortality of the Eastern Zone at every age from 10
to 40, makes it still lighter than the male mortality of the same zone, where it was
already lighter, such as at ages 11-26 and 46 and above (col. (2), Table 1), and substan-
tially reduces its excess over male mortality where it was heavier, such as at age 10
und ages 27-45. In fact, in the latter case, female mortality at ages 10, 27 and 28
becomes actually lighter, while at age 29 it becomes practically the same as male
mortality. Considering however, the comiplete expectation of life, it becomes greater
for females than for males at all ages from birth to end of life, as shown in Table 4
at selected ages, instead of the difference showing changes of sign over the ages, us
it did by the original life tables. The superior life expeotancy of females at all ages will
of course be further strengthened, if the elimination of the specifio cause of death
is more complete, i.e., if the values of s, (Table 2) are made greater, in which case,
female mortality rates also could he lighter than male at all ages in the reproductive

period. If at any age , ,; is the enhanced lete expectation of life of females,

it can be shown that adopting the approach of becmon 4.3, the contribution to ,—&
of the further reduction of mortality and increase in life expectancy at age y(y > )

= 1LIAdy . &syhidy - Al w (14)
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TABLE 4. CHANGE IN SEX DIFFERENTIAL IN LIFE
EXPECTANCY AT VARIOUS AGE BY REMOVAL OF
ABOUT 60% OF A SPECIFIED CAUSE OF DEATH
OF FEMALES, EASTERN ZONE, 1951-60

excess of lifo gain in m‘or excess of m'ur

o of of

age  fomalesover  fomales by the  females over

r that of males  partial removal  that of males
(original) of the specified (final)

oot cause of death St _sm
er °z h_un o z

eg —6z
(2)+(3)
(O] @ @) @

0 + .212 + .921 +1.193
1 - .090 +1.087 + .907
5 + .008 +1.183 +1.281
10 + .200 +1.235 +1.435
15 + .156 +1.242 +1.308
20 + .080 + 994 +1.044
25 - .12 + .848 + .73
30 — .007 + .702 + .808
35 + .567 + .431 + .998
40 +1.434 + .126 +1.560
45 +1.852 + .028 +1.871
50 +3.063 +2.063
60 +1.968 +1.966
0 +1.718 +1.713
80 +1.172 +1.172
90 + .320 + .320

where Ad, is the increase in the su-divided decrement dy(= ,d,—d;) due to the
increase in s and Ag),, is the increase in the value of &,4(= ,&.4—&.,;) due to
the reduction in mortlity ratos at and above age .
Assuming that there is a further reduction of mortality at age y, but at no other ages
above and below y, the contribution to the increase in life expectancy at age x, from
any age z above y = 0, since in equation (14), Ad; = A¢;,; = 0, and that from age y,
assuming that s, is increased to (1+g) . sy, which is still less than k, (Table 2)
—ULlg &) . Gyt (1-H9) - 4y . A5y
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In above, A%,

| O &% 9
LA ) = %, sinco Ay =0

1 . . g
'Z'A[Ei.ﬂ"' 2y - bl

1 . o _ax
=3 [8ypy+ 87y - 8]

1120,1AL .y . VR

A (5— 3h) 4 M=) 6]

[

EHE T4, 50

- II:!I;[M;(%+;;,,”
= b, (g
= 2 (3 )

where ‘g, is the reduced rate of mortality at age y.

Therefore contribution from ae y

.. T i r -
=[0G g 050y 5= ()|

Ul d) by [y*(l+a)- %(ri.—'q.'.). (7;--‘-5;’.)/%.}
Similarly, from equation (14). the contribution trom any age i helow y and above z
=L, 4. A&,
= W, . dy . @y ol y-aciPhst - &)
= Ul dy .y aiPaey - B8,

=1 i paipinr - GG - (34

=1fl,.d,. 64 [v—a-a?iu g - (;-#'z;u)l'e'h.]‘ which is small,
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idering the smallness of the ity (7,—'g,) and in any case, small compared to

the oontri;ntion from age y, taken for the same reason, approximately as 1/l,.g.4d,.
&+4 This being therefore the main contribution from all ages, » and ahove, the in-
crease in life expectanoy at age ., \&,— ¢, may be taken approximately asgfl, . d,. 5;+|~
From col. (2), Table 3, the values of £d, . & are comparatively large in the age-groups,
15-19, 30-34 and 35-39, corresponding to larger values in cols. (11) and (12). Since
female mortality is already lighter than male in the age-group, 15-19, in the Eastern
Zone Life Tables, it should be a good strategy to attempt a further elimination of the
specified cause of death especially in the age-groups, 30-34 and 35-39 to produce a com-
paratively large increase in the complete expectation of lif at birth of femnales, and
hence in its cxcess over that of males. This would also improve female mortality
at these ages, possibly to the extent of removing its excess over or making it even
lighter than male mortality.

. It is helieved that in the Eastern Zone, 1951-60, female mortality
was heavier than male during much of the reproductive period of life, mainly because
of excessive pregnancy and maternity hazards. a proper elimination of which, as we
have seen, is able to reverse the position. As for ages 1-10. the heavier mortality of
females as shown by the Life Tables may be called to question because of the approxi-
mate methods employed for constructing and consequent uncertainty in the derived
mortality rates at these ages. Considering the whole range of ages, there is no reason
to suppose that Eastern Zone or for that matter Indian females are any exception to
the biological fact that females have a greater hold on life than males at all ages.
It has heen noticed that the complete expectation of life at birth of Eastern zone
females, 1951-60 had already exceeded that of males and it is likely that with the
gradual elimination of mortality hazards peculiar to females following impruvement
of social conditions and health measures. and with comparative freedom from such
hazards at the earlier ages caused by the rising age at marriage and reductions in the
proportions married at those ages, the relative mortality pattern of males and females
in this country will ultimately be the same as in the developed countries of the world.

5.3. In the development of the theory of the methods applied above, the
following assumptions have been made :

(i) Uniform distribution of decrements in the year of age. This is not
applicable to mortality decrements or deaths at least in the first year of age. This

means that the values of the elements ,dj . & and ,I} .8 in cols. (3) and (7)
respectively in Table 1 require modification, for the first of the above elements,

15.g5. % has been evaluated with g§ = (vgly [1-% (Bgho]. derived on the basis of

uniform distribution of deaths in the year of life, and with 'ei". taken as the value

1
of [ &P dt == %(53"+5§"), 13 a practical expedient, also imately true on the
[
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same basis. To find the value on the correct basis of uncven distribution of deaths,
we have

%= § i [ oo mian
= tyal | =Bl

1

= (ado [ 1= (B | Bl (BN ]

= (yghl! —(Ag)o - k1,
where & > %, from the nature of the uneven distribution and hence of the function
(B9)l(B)y, which increasing from 0 to | na ! increascs from 0 to 1, increases sharply

at first and then slows down (wit,h an even distribution of deaths, the function = ¢,
and b~ ‘], ) xo that the value of g is less on the correct basis. [t can be seen also that

the nature of the function ## is similar to that of the function (fg)y/(B7). 40 that
1 1

the correct value of [ ¢! di is greater than ;(é:,‘t- ™). T see how far these two
H 2

opposite cffects on the value of the element should counter-hulance one another,
by reference to actual data, we have from Fital Statistics of India, 1982 (Registrar
General of [ndia, 1966, p. 75), proportions of annual deaths in West Bengal in the
tirst year of life, during the first one month and in the first six months of age, from
which, assuming that the ahove proportions apply to the life table (#), a smooth graph of

1
o/gy is drawn.  From the area of the graph. [ qo/gut 724, which is taken as the
0

value of &, applicable to the same life tuble. Aguin, frum the graph of e;, drawn with
values of e for various values of {, caloulated fromn the equation, & = (6,—égy }/ifor
i ] ]
where &y = [ ol = [ (1=puldr = 1o { 1olg dr, and po = 1— gy = 1—4s. olger
¢
the values of [ .q,/g,dr and (q,/y, being obtained from the graph of g,/g,, and with ¢, taken
o
1
us & = 40.05, [é"dl cumes out to b= 40.05+3.618 == 43.668 approximately,
o
s against 42.475, the arithmetic mean of & and é{". Using the above values, the
value of the element comes out to be 34,803 (as against 34,929, col. (3), Table 1), so that

the revised value of 8{—é" becomes .272 (as against .273 in ocol. (5), Table 1), the
value of the same directly from the life tables being also .272 (col. (6), Table 1).

Considering the other element and applying the same procedure as above on
life table (a) the revised value of the element comes to be 34,675 (as against 35,018,
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col. (7), Table 1) and that of &--f? becomes .271 (as against 274, col. (9), Table 1)
and therefore closer to the value by the life tables.

It will thereforc be seen that adj for the if distrik
of deaths in the first vear of life tend to produce results in closer agreement with the
theory.

(ii) The value of the function k, is the same for all ages between a and x+1
or between x and v+ 3 as the case may be, though in fact it is variable within the age
interval in question. This objection may be met by considering the value used as
the average in the age interval, For instance,

5 5 5 5
Tha Pl e dt 3= VB fhepggdt . TPyt = K J Par- .
o

where E, is the average value of the function /, ., in the age interval.

As for the function [, its constancy in the age interval is simply a postulate
in the scheme of operations for reduction of the force of mortality.

(iii) Mutua! independence of a specified cause of death and other causes,
though in fact a death seldom occurs by a single cause or causes of death are frequently
inter-related. As a practical expedient, this point is met by classification of deaths
by mutually exclusive and appropriately chosen groups of causes (the specified causes
of death in this paper is really a group of causes), so that when a death occurs, it may
be assigned to only one group and to no other.  We cun then write

0, = 0440}
or o= pipl,

as when deaths and forces of mortality, () and (y) are mutually independent and add
up respectively to the total deaths and total force of mortality at age x.
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