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ABSTRACT

This paper presents a method of constructing an
abridged 1ife table by the combined use of iteration and the
cubic spline interpolation. A focus of the present study is
in examining to what degree of accuracy in the life table is
possible when, either population or death data, as the base
material for the 1ife table construction are given by single
years of age and the remainder by 5-year age grouﬁs. It s
deemed to be not always necessary to have population and
death data, both by single years of age, in order to obtain
the required accuracy for a compiete life table. Another
focus is in devising some special adjustment for resolving
problems concerning end conditions in the cubic spline
interpolation.
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I. Introduction

If census and vital statistics tabulations provide for a popu-
lation a set of data consisting of (1) the number of individuals
reaching their x birthday during the year concerned (let it be
year t} (E.), (2) the number dying among them by the end of the year t
at age x { D ), (3) the number aged x at the beginning of the year t
and dying at age x in the year t {D,}, and {4) the number reaching
their {x+1) birthday during the year t{E,,y), we can easily calculate
the life table probability of dying at age x for the year t by
G = 1 - (0 = D/EY (1 - (D, /(Egyy + Dy This is actually prac-
tised in preparing recent official complete 1ife tables of Japan re-
garding ages one year and over.

The first step of making a 1ife table without such direct data as
the above is wusually to obtain age-specific mortality rates of the
base population. The central problem of making a life table is, then,
how to reproduce exactly the age-specific mortality rates of the base
population for the life table. Since the distribution of population
and deaths in respective age groups is stationary in the life table
and not so in the actual population, age-specific mortality rates of
the life table ( m, = jdy/ply) is not the same as that of the base
population { M, = ,D,/qPy). Keyfitz discusses methods of constructing
a life table that reproduces exactly the age-specific mortality rates
which are 1its basis. Two methods are proposed by him. One is an
iterative method based on the assumption of a sectionally stable popu-
lation (Keyfitz, 1966: 19-22)1/, and the other is one without itera-
tion (Keyfitz, 1968: 39-42)2/.

Most methods of 1ife table construction developed so far, except
for the youngest ages are devised to utilize such data of population
and deaths as are classified either, both by single years of age or
both by 5-year age groups.

In the present study we are interested 1in exploring methods of
constructing a 1ife table when one set of data population and deaths
is available by single years of age and the remainder by n-year age
groups (5>n>1). For this purpcse we employ the combined use of jter-
ation and the cubic spline interpolation. We obtain either 0.25%
ar 0.25Kx (population aged x to x + 0.25 at risk) by interpolation and
calculate the ‘'expected' deaths or population at risk as follows
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assuming 0.25My = 0.25Mx‘§/

0.25%x = 0.25™x  0.25%
or

0.25% = 0.25°x"0.25"x"

where o o, is given based on an arbitrary initial set of values
for ]x'

Suppose the data of observed deaths or population at risk are
available in n-year age group, that is, as an or nKx’ we sum up
0.o50x to get D or 5 5K to get K. which are comparable with ob-
served D, or K .. Then, we use the ratio O.ZSDx/0.25[§ or 0_25K£
0.25%¢ to correct the 1, values 1initially given arbitrarily. This
correction can be repeated through iterative techniques until reaching
some sufficient convergence. This is why we employ combined use of
jteration and the cubic spline interpolation for the present study.

The method so far outlined is applicable to ages two years and
over. For ages under two years we follow basically Keyfitz' idea
(Keyfitz, 1968, see II of this paper). Here we also use iterative
techniques, but we take a different way of obtaining the expected
number of deaths based on a different curve fitting.

In the present study we examined the appropriateness of our life
table method by comparing with the complete life tables for recent
Japan by using the same basic data for 1ife table construction. Meth-
odological descriptions of life table construction and discussions of
the result are given in II, III, and IV for the youngest ages, from
2 through 89 years, and ages 90 years and over, respectively.
Appendix I deals with a special topic in calculating life table func-
tions for under one year of age, with a detailed age breakdown by week
and month. Appendix Il presents the method of estimating midyear
population.

II. The Youngest Ages

An iteration method of 1ife table construction for the youngest
ages is given by Keyfitz {1968: 240-243), It is designed to be ap-
plicable to the ages under five years. It requires an arbitrary
initial set of values for the 1ife table 1] and 15 as input data
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(\0 is set as 1). Upon fitting hyperbela (ax + b)/{x + b} to 15, 14
and 15, the values of LO’ L1, .« « , and L4 are calculated by inte-
grating 1x' An iteration with the observed number of deaths is then
obtained for age under one year by using formula (1) and for ages one

through four years by using formula (2) as below.

il

D = Byl1 - Lg/1g) + Byl - 1 )/1g (1)

D, =B {1

a0 = B - LMy + B

'I 2(L1 -Lz)/]0+-. .

+ B—S(L4 - 15)/10. {2)

As to the expected deaths wunder one year of age we apply the
above formula (1)} with some modifications, but regarding ages one year
and over, we employ another method not using births to obtain the ex-
pected number of deaths, in view of the yearly changes in child sur-
vival rates in Japan to which we intend to apply our life table meth-
ods. ¥

In calculating 1life table functions for the youngest ages we
tested ten different ways of age breakdown as shown in Table 1. When
the whole range of the youngest ages which varies between under one
and under five is divided into two age classes (Nos. 1 and 2), curve
fitting to the three points one of which is 15 -1 is made by use of

1a(x) = {ax + b}/ (x + b).

When divided into three age classes {Nos. 3 to 7), curve fitting is
made to four points by use of

1B(x) = (ax2 + bx + ¢)/(x +c).

when divided into four age groups (Nos. 8 to 10), curve fitting to
five points is made by using

1Y(x) = (ax3 + bx2 +ex + d)/(x + d),

Findings from our study show that the fitting of the curve TY(x)
tends to produce the best result. The fitting of the curve Is(x)
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gives generally the second best result. The poorest outcome is ob-
tained by the curve fitting of Ia(x}.

It is also pointed out that we tend to obtain a remarkably good
result if we make iteration with an age breakdown for infancy into
as many as three age classifications, 0 to 3 months, 3 months to 6
months, and 6 months to one year. This tendency is evidenced by our
calculation shown in Table 2 based on Japan's 1975 male life table
data. Out of the six sample calculations given here the last one
shows the closest result to that of our standard life table.

A whole series of steps for calculating Iy for the youngest ages
is described below taking No. 10 in Table 1 and (No. 6 in Table 2) as
an example. In this case 3%’ 3u%3m’ smY6m’ and q, are computed.
(1) Input of data

Step 1. Input infant deaths by age of months, i.e., 3mDD’ 3mD3m’

6mD6m’ and deaths at age one year, D for the calendar

year concerned. ]

Step 2. Input monthly births for the calendar year concerned,
BO,i‘ and the one preceding year, B-],i'

Step 3. Input midyear population of one year olds by 0.25-year
age groups,  ,¢P, (for x = 1, 1.25, 1.50, and 1.75).

Step 4. Input an arbitrary initial set of values for 13m, ]6m’
1] and 12, setting 10 =1,

{2) Curve fitting to 1, values

Step 5. Fit lx = (ax3 + bx% + ox + d}/{x + d} to the values 1

]3m’ 1., 1, and 12 given by Step 4.

_ 6m’ 1
(3) Calculation of nly

2
0!

Step 6. Compute 3mL0’ 3mL3m’ 6mL6m and 0.25Lx as follows:

0.25
3mL0 = fO 1{x)dx
L 0.50] 'd
3m 3m !0 25 (x)ax
L '001 d
entem JO 0 (x)dx
and
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x+0.25
0.25Lx = Jx 1(a)da
1, 1.25, 1,50 and 1.75}.
(4) calculation of 0.25M
Step 7. Compute 5 ,em, for x = 1, 1.25, 1.50 and 1.75 as fol-
Tows:

{for x

0.25™ = Ty = Txs0.25 0,255«

{5) Calculation of expected number of deaths HD;
Step 8. Compute 3mD6’ 3mDém’ 6 D.  and Di as follows:

m 6m
12 12
D, = 5 B (1. -1,)/1.+ £ (B, , - By ;)
3m 0 521 0,it'0 3m 0 il -1,4 0,1
12 9
Do, ={(z B,.,+ =z B (1 -1 M
3m” 3m s=10 g 0,i"*'3m  "6m’" 0
9
ML i By, i) (% " 3nt3m - Tem!/ 00
12 6
erlem = .2 By i+ 2 By )Ugy - 1{)/1g
i=7 i=1
6
ERRILER B0,4)(2 * gntem - )10
and
3
0" = 2 lo.2sPxe0.281 © 0.25™k0.251)

(6) Calculation of g%
Step 9. Compute 3mqﬁ, 3mq§m, qugm, and q? as follows:

andd * (1 - ]3m/]0)(3m00/3m06)’
3n%3m = (- 16m”3m)(3m03m/3moém)’
qugm =0 - ]1/16m)(6m06m/6mném)’
and

ay = (1 - 1,/13)(0,/D}).
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{(7) Calculation of corrected values of 1,

Step 10. Compute corrected values of ]3m’ ]6m’ l] and 12 as fol-

Tows:

—
]

- 1 - *
ot T %

= - *
16m ]3m(1 3m 3m)’

™ - *
T Tent T en%n

—
1}

- *
1](1 q]).

{8) Iterative calculation
Step 11. Return to Step 5 with the ]x values obtained by Step 10,
and repeat computation of Steps 5 to 11 until the re-
spective nq; values become the same as those of the pre-
ceding iteration to the sixth decimal place.

I1I. Ages 2 Through 89 Years

Steps of calculation in III are applicable to the case when the
life table functions for the youngest ages are calculated for the
first two years of life. There are altogether twelve steps (Steps
1 to 12) and among them Steps 5, 6, 7 and 9 are divided into two each,
that is, a and b. The calculation taking Steps 5a, 6a, 9a and 10a
will be denoted by Method [ and that taking Steps 5b, 6b, 9b and 10b
later by Method II {see Tables 3 and 4).

(1) Interpolation of 1x values at 0.25-year intervals

Step 1. Give an arbitrary initial set of values to

15, 110, . v ., and 190.
Step 2. Extrapolate 195, 1100, .. ., and 1]]0 by use of the
following formula:
]x+5 = exp (4 - 1n Ix -6+ 1n ]x-ﬁ +4 < 1n ]x-10
4/
- 1In 1 i
" x-15)
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Table 4. Values of Selected Life Table Functions for Japanese Males,
1980 and Japanese Males and Females, 1975: Method I, Method
II and Official Complete Life Tables

Official Complete

Method 1 Method II Life Table
X ]x €y 1x €x L ]x €x
Males, 1980

2 94064 72.04 99064 72.04 93065 99070 72.03
10 98712 64 .28 98712 64.28 98713 98714 64.28
20 38243 54 .56 98245 54.56 98245 98245 54,56
30 97380 45.00 97382 44,99 97382 97386 45.00
40 96103 35.52 96105 35.52 96102 96100 356.52
50 92816 26.57 92815 26.57 92817 92822 26.57
60 85699 18.31 85700 18.31 85716 85699 18.31
70 69839 11.18 69839 11.18 69842 69852 11.18
80 37844 6.07 37847 6.07 37814 37803 6.08
90 7123 3.15 7116 3.16 776 7117 3.17

Males, 1975

2 98745 70.63 98745 70.64 98745 98752 70.63
10 98295 62.94 98296 62.94 98295 98301 62.94
20 97721 53.27 97724 53.27 97722 97731 53.27
30 96692 43.78 96695 43,79 96697 96700 43.78
40 95132 34.41 95135 34.41 95132 95139 34.41
50 91477 25.56 91479 25,57 91479 91487 25.56
60 83779 17.39 83779 17.39 83774 83798 17.38
70 65999 10.53 66020 10.54 66006 66007 10.53
80 33169 5.72 33195 5.72 33159 33198 5.70
90 5383 3.12 5404 in 5382 5367 3.05

Females, 1975

2 99009 75.65 95009 75.65 99009 99019 75.65
10 98709 67.87 98710 67.87 98709 38716 67.87
20 98450 58,03 98451 58.04 98450 98454 58.04
30 97873 48 .34 97874 48.35 97873 97879 48.35
40 96942 38.76 96942 38.76 96938 96947 38.76
50 94916 29.46 94919 29,46 94912 94922 29.46
60 90298 20.68 90305 20.68 90288 90303 20.68
70 79126 12.78 79133 12.78 79127 79122 12.78
80 50711 6.76 50704 6.76 50704 50705 6.76
90 12073 3.38 12133 3.36 12053 12001 3.39

- 11 -



(2)

(3)

(4)

Step 3.

Interpolate ]x values at every 0.25-year interval be-
tween ages 2 and 90 years based on the values of 1] and
12 already fixed and those of 15 through 1]10 given by
Steps 1 and 2 above, by use of the cubic spline func-
tions.

Input of data

Step 4. Input ]x values for x =2, 2.25, . ., ., 89.75, and
90 provided by Step 3.

Step 5a. Input midyear population by 0.25-year age group,
0.25px’ for x = 2, 2.25, . . . , and 89.75.

Step 5b. Input midyear population by 5-year age group, 5Px’ for
x=5,10, ..., and 85, and 3P2.

Step 6a. Input deaths during the year concerned by 5-year age
group, SDx’ for x=5,10, ..., and 85, and 302.

Step 6b. Input deaths during the year concerned by 0.25-year
age group, 0_250)(, for x = 2, 2.25, . . ., and 89.75.

Calculation of 0.25Lx and 0. 25,

Step 7. Compute 0.25Lx values for x =2, 2.2, . .., and
89.75 by integration as follows:

x+0.25
L = [x 1(al)da.
Step 8. Compute 0.25™ values for x =2, 2.25, . .., and

89.75 by the following formula:

0.25™ = Uy = 0.8 255

Calculation of expected deaths nD;

Step 9a.

Compute 30; and 5Dy as follows:

4 3
P27 L, I 0.25™+0.25n " 0.257x+0.28n
and

5i+44 3
5% = Iei lo 0.25™0.25n " 0.257x40.25m

fori=1,2,..., and 17.

- 12 -



Step 9b. Compute _P. and 5P; as follows:

32
4 3
o= F, 7, 0.28%+0.25n/0.25"+0.25n°
and
5i+4 3
5Px = Le. Lo 0-257%+0.25n/0.25"x+0.25n
for i=1,2, . .., and 17.

i *
(5) Calculation of g%

* * .
Step 10a. Compute 39% and g0y s follows:

3q§ = (1 - 15/12)302/3Dé,

and

for x =5, 10, . . . , and 85.

* * N

Step 10b. Compute 3% and 5qx as follows:

3q§ = {1 - 15/12)3Pé/3P2,

and

s = 1 15/ 1 5Py/sPy

for x =5, 10, . . . , and 85.

{6) Calculation of corrected values of 1x
Step 11. Compute corrected values of 1g and 1g. for n=2 to 18
as Tollows:

15 = ]2(] - 3q*é)!
and

sy = T5p-stl = 59,5

for n = 2 to 18,

(7) Repetition of calculation
Step 12. Return to Step 2 with the 1x values obtained by Step
11, and repeat computation of Steps 2 to 12 until the

respective nq; values become the same as those of the
preceding iteration to the sixth decimal place.>’

_13_
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Following the steps described above we constructed 1ife tables of
Japanese (both male and female} for 1975 and 1380. Some of the re-
sults are given in Tables 3 and 4 comparing them with the official
complete life tables.

Table 3 is the 1975 life table for females. Columns (1) to (4)
show the results by Method I and columns (5) to (8) show those by
Method I1. Columns (9) to (12} give the corresponding data from the
official complete 1ife table. The figures by Methods I and [I are ex-
tremely close to each other and also sufficiently close to the cor-
responding complete life table figures. As to the values of Ex, in
particular, we find almost no difference between our calculation and
the complete life table. Table 4 is for 1980 males and 1975 both
males and females. The general tendency is quite similar in this
table too.

IV. Ages 90 years and over

Steps of calculation are described below. We use regula falsi as
an iterative method for obtaining a solution of equation f(x) = 0.
(1) Input of data
Step 1. Input the values of l1gg, 1gg and lgg which were obtained
previously.
Step 2. Survivors at age 95 years be denoted by Tgs as a vari-
a%}?. Give a tentative value to 1é5 which is denoted by
| I

(2) Extrapolation of 1, ¢ ct-]
Step 3. Fit a Makeham curve ]x+t =1, S g to g4, ]85’ g
and 1@5.
Step 4. Interpolate 1, between 19 and 1]04 at 0.25-yeaer inter-
val (i.e., calculate ]90+0.25(i-]) fori=1,2, ...,
57).
(3} Calculation of expected population aged 90 years and over

Step 5. Calculate 0.25Lx for x =90, 90.25, ., .., 103.75 as

follows:

_13 S
.25t = 96 (x * 1xv0.25) ~ 36 (y-0.25 * Txeo.5)

- 15 -



(4}

Step

Step

Step

Correction of 1!

6.

7.

8.

Step 9.

Step

Step

Step

Step

Step

Step

Step

10.

n.

12,

13.

14,

15,

16.

Calculate 0.25mx for x =90, 90.25, . . ., 103.75 by
0.25%x 0.255x

Interpolate D, at 0.25-year interval between Dgg and
Digg by the cubic spline functions (to obtain, ,.D ).
Calculate the expected population age 90 years and over
ngo by

7
P90 = I, l0.25%90+0.25(1-1)70.25™0+0.25(i-1)

95
Compute
y = f(195) = wPéO - mpgo'
y = f(195) = f], say.

Give another tentative value to 1! which is denoted
(2) 1(1).(2) %
by 1 (1V'7<1ted),

Repeat computation of Steps 3 to 9 to get new value
of y.

y = f(195) = f,, say.
Compute

f] . fz

If the product f1 . f2 is positive, try Steps 3 to 13

until the product 1is found to be negative. When the
value of f] . f2 is negative, go to Step 15.
Compute

{3) (1), _q(2) -
1 =[1 f2 1 f]]/(f2 f]).

Return to Step 3 with the value of 1(3) (for lés) and

- 16 -
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compute down to Step 9 which produces
_ Y (3)
f3 = f(195) (1=},

Step 17. If 1£,10.01, 103} is the required value for 1g..
If [f,|>0.01, go to Step 18.
3 (1)~ 1(3)
Step 18, If f] f3>0, put f] = f3 and 1 = .
Step 19. If f, fj<0, put f, = f, and 142) - 103) ) Return to
Step 15.
{5) Calculation of Tgg and &y

Step 20, Compute T

0
90 B¥

57

T z

9~ [, 0.25590+0.25(i-1)"

i
Step 21. Compute €90 by

<

€90 = Tgo/Vgo-
V. Conclusion

There are two major findings from the present study.

1. If either population or death data is available by single
years of age and the other by 5-year age groups, the life
table constructed based on these produces values quite close
to those of the life table constructed based on population
and death data, both of which are classified by single years
of age.

2. Of the three fractional functions fitted to 1, for the young-
est ages, TT(x) (See II) which is fitted to five points is
found to have a sufficiently good fitting.

For the convenience of users, practical procedures of Tife table
construction are described 1in details, step by step. Although our
method is devised to be adaptable to the present situation of data
availability for the whole of Japan, it will also be applicable to
other populations after appropriate modifications,

- 18 -



(1)

(2)

(3)

Appendix 1.

Input of data
Step 1. Input

Calculation of Probabilities of Dying under
One Year by Weeks and Months of Age

numbers of monthly births from April of the pre-

ceding year (t-1) to December of the year concerned (t).

Step 2. Input

values of Ty, Toys 13 laws Tzme '3m Tome lome

and 1, which are given arbitrarily. The value of 1, is

set as 1.

Calculation of

an

Step 3. Fit cubic spline curve to the above 1, values and by

integrating them calculate y.lgs juliye Twb2w Twb3we

2m-4wL4w’ lmLZm’ 3mL3m’ 3mL6m and 3mL9m'

Calculation of
Step 4. B

0

B
1

o
1

o W
o

il

expected numbers of deaths

number of births occurring in January to December
of year t.

number of births between December 25 of year t-1
and December 24 of year t.

number of births between December 18 of year t-1
and December 17 of year t.

number of births between December 11 of year t-1
and December 10 of year t.

number of births between December 4 of year t-]
and December 3 of year t.

number of births between November of year t-1 and
October of year t.

number of births in October of year t-1 to Septem-
ber of year t.

number of births in July of year t-1 to June of
year t.

number of births in April of year t-1 to March of
year t.

number of births in January to December of year t.

= number of births in December of year t-1.

number of births in December of year t.

Step 5. Compute B] R 82, B_, and 84 as follows:

3

B1 = B9 + (7/31)(5m -B..),

N

- 19 -



Step 6.

Step 7.

B2 = Bg + (14/31)(B]0 - B]]).
83 = B9 + (21/31)(810 - 811).
and
B4 = B9 + (28/31)(810 - B]T)'
Put

H1 = Wz = H3 = N4 = 365/7

=
1l

365/(365/6 - 28)

5
NG =12
and
W7 = w8 = Ng = §

who = Bollp =Wy k)T

1w01w ) B1(11w ) w2 | 1wL1w

I
=]
—
—_
=
—
—
e
-—

leZW TP ow T M3 T’

wPaw C B3a T Y T b

|
o
=
=



2 - %5t om T M6 " 1n2m

1
o
—
—

+ BglWe * 1ibon ™ T3n Moo
3% = 86 am T W antand o
+ By gl T oo
snPem =~ B7%6m %8 3aten’’ o
+ BylWg * 5 ben ™ Ton!/ 1o
and
anPom = B8 %am " W9 7 anton' Yo

(4) Calculation of g¥
Step 8. Compute nq; as follows:

W9 = 0 T 4P 100’

1wq?w = Q- 12w/]1w)(1w01w/1w0iw)’

1wq§w =0 - 13w/12w)(1w02w/1wnéw)’

W * U0 [PAPASHUEWAT W
ongn®i = 7 Vou! Vau! o000 2n- 0P

1mq§m = - ]3m/12m)(1m02m/1m0ém)’

3mq§m =0 16m/13m)(3mn6m/3mném)’

andem = T Ton’ Vo’ (an 6’ 3n 6m’ *
and

3n%m = 11 on! CnPon 3alom
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(5) Correction of 1,
Step 9. Compute corrected values of ]1w’ 1
follows:

oWttt and 11 as

llw - 10(1 - mqé"’
IZw B 11w“ " ww!
aw = Tow(T = 19

]4w = 13\«'“ - 1wq§w)’

). =

2m ]4w“ - 2m-4wq4fw}‘

Tam = Tont1 = 0%’

1. =

6m ]3rr|(1 " 3%

]9m = ]ﬁm(] - 3mq€m)’

and
]1 - ]Sm(] '3mq§m)'
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(6) Iterative calculation
Step 10. Return to Step 3 with the ]x values obtained by Step 9
and repeat computation of Steps 3 to 10 until the dif-
ference between new and old values of ]x become smaller
than 0.01, respectively.

The following table shows 1x and ndx values for Japanese males,
1975, calculated on the basis of the above method in comparison with
the official complete life table. Coincidence of our calculation to
the complete life table is almost perfect.

X lx ndy X 100,000
Official Official
Our complete Our complete
calculation life table calculation life table
0 100000.0 100000 613.0 613
Tw 99387.0 99387 89.9 90
2w 99297.6 99298 44,2 44
3w 99253.8 99254 ' 25.6 26
dw 99228.4 99228 76.5 77
2m 99152.5 99153 42.6 43
3m 99110.2 99110 103.6 104
6m 99007.5 99008 66.9 --
9m 98941.2 -- 51.8 --
1 98890.0 98890 - --
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Appendix Il. Estimation of Midyear Population

The population census of Japan 1is taken regularly as of October
first, every fifth year. Intercensal estimates of population by sex
and single years of age are, accordingly, made also as of October
first of each intercensal year. For constructing a 1life table for a
calendar year, therefore, we need to estimate midyear population by
sex and age for the denominator from the enumerated or estimated popu-
lation as of October first. Below are described steps of this esti-
mation.

(1) Input of data
Step 1. Input population by single years of age {for ages 1
through 90 years of a particular sex) as of October
first of the year concerned.

Step 2. Input coefficient of adjustment for age-unknowns of

population.

Step 3. Input deaths by single years of age (for ages 1 through

90 years) during the calendar year concerned.
Step 4. Input coefficients of adjustment for age-unknowns and
underregistration of deaths.
(2) Adjustment of population and deaths
Step 5. Compute adjusted population by single years of age as of
October first of the year concerned using the input data
of Steps 1 and 2.
Step 6. Compute adjusted deaths by single years of age during
the calendar year concerned using the input data of
Steps 3 and 4.
(3} Interpolation of population and deaths at 0.25-year interval
Step 7. Compute cumulated population up to age x for x = 1, 2,
. 5 and 90 from Step 5,
Step 8. Compute cumulated deaths up to age x for x = 1, 2,
. , and 90 from Step 6.

Step 9. From Step 7 compute cumulated population up to age x at

0.25-year interval for x = 1, 1.25, 1,50, . . . , and

. 90.25 by the cubic spline interpolation,

Step 10. From Step 8 compute cumulative deaths up to age x at

0.25-year interval for x =1, 1.25, 1.50, . . . , and
90.25 by the cubic spline interpolation.
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Step 11.

Step 12.

Step 13.

Step 14.

Compute one-fourth of the deaths of Step 10 to obtain
those for the three months from July to September.
Interpolated the deaths of Step 11 at 0.125-year inter-
val by use of the cubic spline functions.

Compute deaths by 0.25-year age groups 0.250x+0.125

for x =1, 1.25, 1.50, . . . , and 90.25.
Compute population by 0.25-year age groups g 25Px+0 25
for x = 1, 1.25, 1.50, . . . , and 90.

(4) Calculation of midyear population

Step 15,

Compute midyear population by 0.25-year age group 0 25Px

as follows:

~

0.25P°x = 0.25Px+0.25 * 0.25%+0.25

for x = 1, 1.25, . . ., and 89.75. ({see the Lexis dia-
gram shown belaw).

x+1
x+0.875
Assuming
x+0.75 Deaths(ABCD} = Deaths(EFGH),
Population{AD) is estimated by
x+0.625 Population{AD) = Population(BC)
C x+0.50 + Deaths{ABCD)
= Population(BC)
H G x+0,375 + Deaths(EFGH).
B Therefore,
D x+0.25
E P x+0.125 0.26Px = 0.25"x+0.25
ALX + D .
July 1 October 1 0.25 x+0.125



Notes

1/ Through the iterative computation (M' is calculated by

5'x

5M; = (1x - exp (-5r) - ]x+5)/

[(65/24)(1x + exp (-5r) - ]x+5)
- (5/24)(exp (-10r) - ]x+10 + exp (5r) - 1x_5)] -r,

and correction of ndy by ok = nqx( M / M') is repeated.

nx'n'x
The following formula is used to obtain n9x"
ndx =1 - exp [-nM o+ n/(48 « POCP o ~nPyon)

(M - M ).

n x+n n x-n

This was first given in Keyfitz and Frauenthal (1975: 889-899).

The principal characteristic of our 1ife table method is in
assuming that the 1ife table age-specific death rate ,m is the
same as the age-specific death rate of the observed population My
when the age interval n is taken small encugh to be one-quarter of
a year. Keyfitz describes that O.me may be assumed to be the
same as O.ZMx in his discussion on repeated application of matrix
for life table construction (Keyfitz, 1968: 234). Our assumption
is Jjust its modification, This assumption makes the life table
construction quite simple. The small age interval of one-quarter
of a year is obtained conveniently by the cubic spline interpola-
tion. An advantage of the cubic spline is in its flexibility of
obtaining interpolation intervals of any length needed. This is
not similar to the case of the osculatory interpolation by multi-
pliers of Sprague, Greville, Beers and so on which is restricted
to a quadratic interpolation only. One more advantage is that the
curve fitting of the cubic spline functions permits direct calcu-
lation of areas under the curve by integration which is especially

useful for obtaining 1life table stationary population (0 25Lx)
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by integrating life table survivors (1 ).

This procedure 1is specially taken to obtain somewhat more effec-
tive results of interpolation for ages under 90 years than those
calculated without using base data extending beyond age 90, in
view of the fact that the usual three choices of the end condition
for the cubic spline interpolation do not always guarantee satis-
factory returns.

[terative calculation will be completed, if the difference between
new and old values of 190 becomes smaller than 0.01. In fact,
however, the whole age range under 90 years is found sometimes too
wide to converge. In such a case, it is suggested to divide the
whole age range into three parts and carry out iteration blockwise
one after another. Concretely speaking, first of all, values of
13 to 145 are determined by carrying out iteration until the dif-
ference between new and old values of 145 becomes smaller than
0.01. Secondly, interpolation and iteration are carried out for
the second part (1x values for ages under 45 are fixed now} until
the difference between new and old values of 175 becomes smaller
than 0.01. After the values of 1, for the same part (under age
75) have been determined, interpolation and iteration for the
third part of the age range are carried out (1x values for ages
under 75 are fixed now) until the difference between new and old
values of lg, becomes smaller than 0.07%.
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