technical note...

A PROCEDURE FOR COMPARING MORTALITY MEASURES CALCULATED FROM INTERCENSAL
SURVIVAL WITH THE CORRESPONDING ESTIMATES FROM REGISTERED DEATHS

by William Brass

The old and familiar procedure of mortality estimation
from two successive censuses is based on twe assumptions:
that there is no migration, and that the census age distribu-
tions are accurate. The migration assumption gives trouble
sometimes, but the real Achilles heel is the assumption that
the age distributions are accurate, for it turns out that arel-
atively smail error in these can throw the results very far
off. This note presents a new technique which introduces
intercensal death registration data into the census survival
calculation,

The new procedure

The basic equation of the sectional growth balance proce-
dure can be written as

N [ FO00
(P—V\= 5 +K—LP¥) {1a)
\Vy y

where M, and P, are the numbers living around the age
point y and above y, respactively; r, is the growth rate of
the section of the population aged over y; D the recorded
deaths in the current period at ages over vy, and f D the
true deaths. This may also be written

b, =r, +f,d, b
where b, = N, /P, and d;, = D, /P,,, in which form the equa-
tion is seen to be the demographic eguation in rate form
for the section of the population aged over y. These equa-
tions are exact since r, and £, are allowed to vary with y.
in application it is normally necessary to introduce the
further assumption that r, and f, are constant with respect
to y. Values of the growth rate r and the factor f repre-
senting underregistration of deaths may then be estimated
by plotting b, against d; and fitting a straight line, A thor-
ough discussion of this method appears in Rachad (1978},

Suppose now that intercensal survival calculations yieid
an independent source of data on deaths and write
- t
b,=r, *dy+35, {2}
where d is the death rate at over y from these data and &,
its error. Again, this is perfectly general as long as no as-
sumptions are made about the form of &,,.

Obviousty a third equation can be derived from the
first two, namely

v .
dy=-8,+1f,d, ) (3)

This could have been written down directly, since df+ &,
and f,d, are both expressions for the true death rate of
the population over age y, but we wished to bring out the

connection with the other equations.

tn the abstract this formulation is trivial. [t gains its sig-
nificance from the nature of the errors in the estimation of
deaths by different procedures. The errors for registered
deaths tend to be proportional to the number of deaths in
any age section. When deaths are found from intercensal
survival, however, the errors tend to occur because of vary-
ing completeness of census enumeration or because of mi-
gration and are thus proportional to the numbers at risk in
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each age secTion, Exact proportionality would give a con-
stant absofute error in the calculated death rate.

{f the assumption of a preportional error in registered
deaths &nd an absolute error in intercensal death rates holds,
then the relation of d;ﬁ to d; is a straight line from which
f. 5, anc the true death rate can be determined. From & the
re.at.ve completeness of coverage for the censuses can be
caicu.atzd. Note that this does not require any specification
of stabiity of the populaticn.

Cons der again the relation expressed by the equations

b,=r,~1fd, (1b}

and
=- 5, +f,d,. (3)

The ploTiing on the same graph of b, and d} against d;, pro-
vides a s.mpie and usefui summary of the relations among
registered deaths, intercensal changes in numbers alive, and
the age distribution of the living. In ideal circumstances the
points w.ll define two parallel straight lines with a slope of
ore. 7 he line for the second equation will go through the
origin and far the first through (0,71, Deviations from this
ideal pattern will provide evidence about the completeness
of registation and census coverage by age. In favorabie cir-
cumstar<es, the comparisons will suggest the appropriate
hypotheses upon which corrections can be based.

Exhibit 1 Notation and formulas

Notation

Ny - number of perscns living around the age point y

Py - number of persons living above age y

r, - growth rate of the section of the population
aged over y

D. - recorded deaths in the current pericd of ages
over y

fyD}: - true deaths in the current period of ages over y

D; intercensal deaths in the current period at ages
over y

by - "birth” rate of the section of the population
aged over y - N, /F,

d; - recorded death rate of the section of the popu-
lation aged over y ~ D, /P,

d;, - intercensal death rate of the section of the pop-
ulation aged overy - D;/Py

& - absolute error of d)

Basic equations

Growth balance: by Vs f d

Intercensal survival: y y t d*' + 6

Derived equation: d; v T fydy

Application to Thailand

The aprplication to 1960—70 data from Thailand is very il-
luminatng, for a good deal is known about the case, in par-



ticutar that migration is probably negligible, and that the
1970 census was probably a less complete enumeration
than the 1960 census.

The relevant data are shown in Table 1. The census dates
were 25 April 1860 and 1 April 1870. The registered deaths
are all for 1961 to 1969 plus 0.685 of those recorded for
1960 and 0,25 of those for 1970. The intercensal interval
is 9.935 years, In the application, no adjustment is made 1o
numbers by age group to allow for the slight deviation of
the census interval from ten years.

The first stage of the calculations is given in Table 2, The
numbers at the censuses in sections of the population over
ages 0, B, 10, ... are cumulated. Tne averages for the two
censuses provige the populations at risk in the intercensa'
period, Py, Ps, ..., and the differences with a ten-year age
displacement the decrease in numbers for corresponding
sections. Thus the number over 20 vears of age in 1960
minus the number over 30 years in 1970 gives the deaths
for this section in the census interval, provided recording is
accurate and there is no migration. The iower age of the
section changes over the interval from 20 1o 30, but it is
sufficient to regard the decrease as an estimate of deaths at
above the mid-age of 25 years. More elaborate procedures
are, of course, possible, but they do not seem to be justified
here; the extra precisicn is small in relation to cther un-
certainties. In these calculations, the very small numbers of
females recorded as '"age not stated’” are omitted. The esti-
mated deaths at five years and over are less than those for
ten years and over, conirary to logic, but the sequence falis

Table 1 Census age distributions and registered intercensal
deaths: Thailand, 1960-70, females

Census age distributions

tin thousands) int_ercensa&
registered
Age group 1960 1970 deaths
0—4 2,101.9 2,796.2 308,379
5--9 1,879.8 2,605.7 52,640
10—14 1,5825.4 2,252.6 25,825
15—-18 1,238.3 1,885.4 25,418
20—24 1.204.2 1,361.7 30,782
25—2%9 1,046.5 1,143.4 31,165
30-34 869.9 1,077.1 34,580
35-3¢ 679.9 857.6 36,291
40—44 H63.8 766.3 35,422
4548 483.0 597.5 33,535
5054 410.4 489.8 36,734
5559 329.0 401.7 38,632
60—864 2450 324.2 45,235
65--69 163.6 238.9 44,527
7074 244,78 167.7 49,052
75—79 u 98.2 120,587P
80 and over u 87.6 u
Not stated 20.4 21.8 76,404
Total 13,103.7 17,273.5 1,025,238

u—unavailable,

a8 Alipersons 70 and over were cOmb:ned Into & single age group in
the published 1960 census data. -

b All persons 75 and over were combined in10 a single age group in
published registration data,

SOURCES: For 1960 age distribution, Thailand Popuiation Census:
1960 Whole Kingdom (Bangkok: Central Statistical Office,
1962), Table 3, page 9. For 1970 sge distribution, 1970 Populs
tion and Housing Census: Whole Kingdom (Bangkok: National
Statistical Office, no date), Table 4, page 12, to age 70; Table 2,
pages 10—11tor 70 and over. Regisiered deaths calculated from
Statistical Yearbook: Thailgnd, No. 30, 1872—73 (Bangkok:
Nztional Statistical QOffice, no date), Table 33, page 89, as sum
of all registered deaths for the years 1961 through 1969 plus
0.685 of registered deaths for 1960 plus 0.250 of registered
deaths for 1870,

Table 2 Cumulative population and deaths: Thailand,
196G—70, females

- L Average
,-_Dep: E:“f: fjer nopulg- Cohort
PO tion over gifference  Registered
i age x lin iin thou- deaths over

Lo 13270 thousands] sands) age x

x 2 {3 14t 51

G 3 17,232 15,1868 ng 948,834
5 1 14,455 12,718 1,234 640,455
0 2 11,830 10476 1,384 587.815
] ksl 2,687 8,537 1,280 561,990
IC 7 7,712 6,376 1,726 536,572
2z 2B 3,350 5,693 1,033 505,820
iC z 3,237 4,598 206 474,655
iz g 4,130 3,624 217 440,075
L0 R==ass 3,172 2,806 734 403,784
5 TETE 2,406 2,141 831 368 362
:C RRCE=N; 1,808 1,600 557 334,827
s sz ©.318 1,150 476 298,293
30 £33 217 785 390 259,411
35 438 592 500 300 214,176
7C 245 334 2¢g9 222 169,649
75 129 186 157 157 120,587
20 u 88 u U u
a—onE.:oETig

“OTES Courns 1) and (2) cumutatec from Table 1. Number
zgec 70—74 in 1960 estimated by multiplying number 70 and
aver n T86C by proportion of persons 70 and over in 1970 who
aers 7072 Cohert difference by subiraction of column (2}
ceg'esr oo oo ummn (1 values, ez, 234 = 13,083 - 11,850,
—ast-dig T ¢ scredancies are due 1o reunding Column {5) curmu-
gtez frem Tabh e 1.

stezdi’. tharezfrar, The anomaly at five years is probably
Sug 1C ne JrZeranumeration of young children at the 1960
census. No acjustment has been made for this,

The caizulztions of the sectional measures are completed
in Tab'z 3. If the age points y are taken as 5, 10, 15, ..., the
Ay &nd I, numbers would come directly from Table 2, and
Y, wo. d oe “ormed as one-tenth of the numbers in the
wwo fivz-yzar 2ge groups bordering ¥ {above and below).
roca factad \1278) has provided evidence that slightly
better rzsu:ts are obtained by taking y at the mid-points of
e fiveyear zge groups. N, is then one-fifth of the number
‘A the corresconding age group, and the F, and D, measures
gre Tormec b, linegsr interpolation between the values at the
end ags po.nis. The slight improvement comes because lin-
ear intzrpciat'on in the cumulated measures is a better ap-
proximzaticn han teking Ny equal to onetenth of the ten-
year ag2 group bracketing it.

inTabiz 310N, is the sum of the numbers in the five
year age groups at the 1960 and 1870 censuses. £, is found
from th2 zverage 19580—70 column of Tahle 2 by linear in-
erpolztion, 'IOD; and 100; are derived in the same way
from caiuming (40 and (B), respectively, of Table 2. Note
et th: dzatrs of persons whose age was not recorded are
3T eI frioim 2 celeulation. They could have been alio-
catsd " scTz s 2y 10 ages, but it sezms preferable 1o leave
them e:'dz at th's stage of the comparison procedure. They
must, ¢7 course, be brought into the final assessment The
muitip 2r 13 appears with N, D;, and D;‘ in the table be-
cause e calcuiations are for a ten-year range and the sym-
bo's arz by defin‘tion on an annual basis. The rates by, o';,
anc o, zre firaliv found by dividing by £, the estimated

ToT Lz 3t s,

f
(o]

g.es a plotof b, and o againstd,,. In order to

1€ joint characteristics more clearly, the scale for
d'splzced by 27/1,000 relative to that for db.
gcoroximately for the difference between

asian and pacific census forum



Table 3 Sectional birth and death rate measures: Thailand,
1860—-70, females

age Numbers Rates per Ihousand

. * 1 f
v N, Py 100, 10Dy by Iy dy

7.5 4,586 11572 614 1,308 39.63 531 11.31
125 3,778 9,482 575 1337 38.84 6.06 1410
175 3,122 7.757 549 1,208 4025 7.08 1557
225 2,566 6,335 B2 1,080 4051 822 17.05
27.5 2,180 5,146 480 970 4256 852 18.85
32,5 1,947 4,111 457 862 47.36 11.12 2097
378 1,638 3,215 422 766 5085 13.13 23.83
425 1,330 2,474 386 673 53.76 15,60 27.20
475 1,080 1871 352 584 57.72 18.8% 31.75

5258 900 1,375 318 517 6545 2288 37.60
57.6 731 ges 279 433 7552 28.82 4473
62.5 569 843 237 345 88.49 36.86 ©53.65
67.5 402 400 192 261  100.68 48.00 65725
725 284 228 148 190 12456 63.60 83.33

NOTES: See Exhibit 1 for notation, 10N, catculated as sum of
number in age group in 1360 and 1970 censuses. Py, calculated
by lmear interpolation between rows in colurmn (31 of Tabte 2.
100, by Ilnear interpolation between rows in cotumn (5} of
Table 2. 1ODV by iinear interpolation between rows tn column
4) of Table 2.

d’r and 5 at the iower age points. If the hypothesis of con-

stancy in these measures held, the b, and ca"r points wouid

be krought into ¢lose coincidence, Up to age 55 years or so
this holds reasanably well, but there is a divergence at {ater
ages. It seemns too large to be explainable by variation in r

or 8, alone. Probably both contribute. Errors in b, due 1o

age misstatement effects on Ay, may also be a factor.

The ideal line of slope one through the origin is clearly
a grossly unsatisfactory description of the relation between
d;f and d;. A greater slope and a positive intercept on the o‘;
axis are required. A line has been fitted 1o the ten points
from 12.5 through 57.5 years, which have a very regular
trend. The value at 7.5 years is clearly affected by the un-
derreporting of young children at the 1860 census, and the
measures at 62.5 years and above diverge in a way incon-
sistent with the points on the graph of by, against d;. The
resulting fitting equation is

df ~5.72 + 1.384]

whence § = -5,72 and £ = 1.38. This suggests that registered
deaths have to be raised by about 40 percent 10 give the true
number: 1T deaths at unknown ages are aliocated proportion-
ally, 8 percent of this deficit is accounted for. If they are all
allocated to ages above 15 years, 14 percent of the deficit is
explained. The 5.72 per thousand value of § implies an er-
ror of 5.7 percent over the ten years in the reiation between
the coverage of the two censuses compared with closed pop-
ulations. The percentage applies to the average coverage of
the population at the two censuses, but for practical pur-
poses the 1870 census can be said to have & coverage poorer
than the 1960 census by about 5.5 pergent. o]
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Figure 1 Plot of 2, - 27 and ¢, against ¢/, : Thailand,
1962370, females
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DUALABS PLANS CENSUS REPORTS ON WOMEN

The status an< re 2s of wormer in developing countries are
the subjec: of an niernztional study sponscred by Data Use
and Acces: Lebo-steries ‘DUA Lgosh and the U.S, Agency
for Internzticnal Deweloomant ‘USAID). The goal of the
project is 10 imprave the us2fu ness of data on women from
the 1980 rournd ¢ censuses. A~ international working
group was recent ¢ formad 10 crepare census reports on the
status of woam2n. Coope-at’ng s:tutons, 0 addition to
DUALabs anc WUEAID, i~ciude 1azioral steustical offices
from a number o countries and Data for Development in-
ternationa’ Azsocation.

Meeting in France in June, delegates from Bangladesh,
Costa Ricz, Imdoresia, Kenya, Vauritania, Panama, Peru,
and the Prilipainss ciscossad issues affecting women for
which dats arz nesded, eiong viith analytic approaches for
presentingsuch cita. DUALab: w'll provide assistance in
the form cf guide’ ines o1 data mabuiation and analysis, lit
erature resou-ces CONSuU 18t Or or census data processing,
instatlatic™ ard Li2 of scfrwars, a~d guidance in the selec-
tion of ccmip_ter na-dwz-e. To 22 cons'derzd for assistance,
a nationa. stawistzal 2ffice must commit itself 10 the prep-
aration of an zng sUi¢ resor: o7 women. It must also iden-
tify and support me persons assigned to write the report

DUALzbs =5 a namprefit orcanization whose purpose is
to help peopls ge 1 access 1o a-d use public data. Data for
Developmant < zorivate volurtary associat.on concerned
With the _3e 27 czlz 1t 2 tori2ws of deve dooment. To
learn more akout e project o° c2nsus data on women,
write to WMary El.:n Sarrorey, Women in Davelopment Proj-
ect, Data Jse anc Access Labo-atories, Inc., 1601 North
Kent Strezt, Suitz @00, ari ngiaon, Virginia 22209, US. A,




