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Intfroduction: .

The availability and quality of demographic data
in developing countries are far from adequate. The intro-
duction and improvements of techniquces for estimating mo-
rtality from nontraditional sources of data aﬁd for corre-
cting the short comings in traditional data are indispensi-
ble.

The under registration of deaths invital statis-
tics data and the reference error associated with data co-
Ilected in surveys are well known problems facing Demogra-

1 developed a method-Growth

phers. Quite recently, Brass
balance.method - which makes use of such defective data

and provides an estimate of the extent of undergistration.

The basic underlying assumptions of the proposed
method are the stability of the age distribution and that
underegistration of deaths is equal over all agegroups.

Extensive study revealed that fhé method is gen-
erally robust fo’pa?fefns of mortality change similar to
those in developing countries and also to recent changes
in fertility.

The second assumption of equal proportionate un-
derregistretion is more iikely to apply over the middle age
range than for very youngages. Thus, in practise, this me-
thod is used for estimating mortality of adult ages only.
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It is our purpose in this paper to extend the
growth balance method to cover cases when there are two
different proportionate underregistration., This is ideally
suitable to allow for the different underregistration of
young ages since as pointed out by Carrier (1958): 'a sub~-
stantial proportion of infants die shortly after birth. For
a variety of reasons and in a variety of ways this may lead
to avproporTion of infant deaths being freated differentiy
from deaths at older ages, both as regards disposal of the
remains and recording the event. Thus data which gives ad-
equate presentation to deaths at older ages, or at least
equal deficiencies at all these ages, are liable to suffer

from excessive deficiencies in infant deaths'.

IN principle, of course, the extension of +the
method may apply to other cases, such as the differential
underregistration of old age deaths. The proportionate un-
derregistration of old ages is less or more than the general
‘underregistration according to the significance and role

of the older generation in different cultures.

In the following parts we will éhow that the
difference in underregistration may be fully accounted for
once the age groups suffering ‘'unequal underreport are loca-
ted. Two numerical applications are illustrated, the first

on hypothetical data and the other on actual data for Iraq
1960-1970.

The Method

The general case when the first m age groups su-
ffer from proportionate underregistration ou while age gro-

ups fromM to M suffer from underregistration u is treated
here.
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In case 0> 1, underregistration for young age
groups 1 to m is higher than for age groups m to M. |f

0 <1 the oppostie occurs,

- The first step is to calculate u:
Using the reported number of deaths and population for ages
over m and the relation:

n g’
Y = oy (— y > m
p e
y Y

or

using the reported proportions of deaths and population for
ages over m and the relations. '

N o’
—_ = r 4+ CcDR'. —Y- y > m
P P
b4 Y
U= | - total reported deaths
total population (CDR)
H‘Héf‘é
ny : number of population aged vy. (actual and reported)
py number of population over age y (actual and reported)
r : growth rate.
Ny : proportion of population age y (actual and reported).
P : proportion of population over age y.
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deaths over age y respectively.

- The second step

ing relations:

- r
P

is to estimate o us

yo 1
m r r
(Dy=D + vy)

4° and D; denote the number and proportion of reported

ing the follo-

- Finaily the actual death rate is equal to:

_ (Reported death from 1 +o m Reported deaths from m to
CDR = ( +
l-ou - | -u
total population.
or’
>
CDR = CDR'/k{uio)
where!
k(us0) = 1 ulo-l)
(I-u) + (l-ou) D"
_m.
1-p"
m

Mote that when o=1, there

is no differential

ration. Then k(u,0) = { and CDR = CDR'.

under regist-
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The proof of this method is given in detail in Appendix (A).

NUMERICAL APPLICATIONS (Using Hypothetical Data):

Application (1)

Starting with a stable distribution, mode!l north, mortality
level 11, r = 10.0 corresponding to actual death rate=22.26
given-in Coale & Demeny (1966). Subjecting the deaths corr-

esponding to age groups from 0 to 20 to under-report 0.3,

while the deaths corresponding to ages from 20 to 80+ are
subjected to under-report 0.1 (o =3,u=1). Assuming the to-
tal population 100,000 and the total nqhber of actual deaths
2,226, the actual and reported number of deaths and popu-
lation is presented in Table (1),

The detailed calculations for estimating u are given in
Table (2).

using least square fit, Ilu = "3;'5};Y
IX-nX
r
d n
where X = —Y» y = Y
Py Py

s = 1.120, then u = .107.

To estimate v{, we need to calculate r and CDR'. r is the

intercept of the straight line whether using proportion or
numbers.

r=Y-1,120, X = .009 & .01.
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and reported number of population and

ceaths in case of differential underreglstration

of geaths.

age HETHBIL gt Reported data

poculation deaths deaths

0- 2880 487.27 341.08

1~ 9870 307.63 215,34

5- 10950 109.29 76.50

10~ 10030 51.86 36.30

15- 9280 54,98 38.48

20- 8520 71.89 64.70

25- 7760 69.00 62.10

30~ 7050 66.78 60.10

35- 6370 68.78 61.90

40~ 5710 74,34 66.91

45- 50€0 79.69 71.72

50~ 4400 88.14 79.33

55~ 3740 97.72 87.94

60~ 3040 111.52 100.37

65~ 2320 123.99 111.58

70- 1590 130.44 117.39

75~ 920 113.30 101.97

80+ 510 119.53 107.58 P
Tc*t2l 1100000 2226.14 1801.29
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Table (2) The detal!$ of calculating u

age number.éfound pop. beyond | reported deaths § ;
y age v (ny) age y (py) beyong age vy .dy/py 31_
(dy) Y
20 1780 56990 1093.377 .0191 .031
25 1628 48470 1028.708 .0212 .033
30 1481 40710 966.741 . 0237 .036
3 1342 33660 906.647 .0269 .039
40 1208 27290 844,732 .0309 .044
45 1077 21580 777.849 .0360 .049
50 946 16520 706.137 .0427 .057
55 814 12120 626.805 .0517 .067
60 678 8380 538.862 .0643 .080
65 536 5340 438.508 .0821 . 100
70 391 3020 326.931 .1082 129
75 251 1430 209.536 . 1465 175
COR! Tote! reported deaths ( 1 )

The detailed calculations of v. using #ges less than 20

Total population

1801 (1.12)

100,000

are given in Table

.020

(3). -

1=u
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Table (3) The detailed calculation of v,
T [ r
age Yi Pi D Yi-r P
[ T V.= Yi—r P -p"
e sl o=,
CDR CDRT i i
r= .01,CDR'=.,02
5 .0265 |87.25[69.077 71.981 2.904
10 .0274 [76.3 |64.837 66.381 1.544
15 .0291 [66.27(62.827 63.287 46
To calculate o, the following relation is used:
Vi r r 1
o = (—— + (D - D)) - -
(v, + D, - D)
i i m
r = r =
Dm D20 60.697
i r e _29.04 + 8,38
o (using vy and D1 corresponding to age 5)—2.904 T 8.38
= 3,31
o (using Vo and D; corresponding to age 10)= 3.44
o (using Vs and Dg corresponding to age 15)= 2.60
The mean of the previous yalues is used as an estimate

for 0=3.11



_ u(o=-1) . -
KGu,0) = 1=—=903%F (1-0u)  or -892

D
m
1-D"
m
and finally,
1
actual death rate = —925———-= 22.40
K(u,o0)

Thus instead of a reported death rate 18.01%, this method
results . an estimated death rate = 22.40% which is quite
close to the actual death rate = 22.26%.

Numerical Application (2) Using Actual Data):

Brass (1976) applied the growth balance method to vital
registration and census stztistics for Irag. It was not-
iced that the points at higher ages were quite close to
linearity; those at younger ages were erratic and displa-
yed a peculiar curvature upwards at the lower end of the
araph. Brass suspected different underregistration of de-

aths at young ages (up to 30 years).

lgnoring the upturn of the lower points, the estimate of

f was reached as 1.88 and used to inflate the reported de-
aths over the range for which the correction was taken as
applicable.

To allow for cifferential underregistration at young ages,
the same previous adjustment was exiended to ages over 5.
It was pointed out that since mortality over 5 was so low,

little overall error was expected by this adjustment. 7o
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esTimaTe The deaths corresponding Yo ages less than 5, the
south set of Coale & Demeny model |ife table was used. Le-
vel 14 mortality was estimated to correspond to a population
with the lraq distribution and the adjusted death rates ov-
er age 10. The adjusted crude death rate for the Irag age
distribution was then estimated as 15.5%. @rass commented

that this rate is somewhat lower than expected.

The adjustment procedure - to allow for the differential
underregistration is applied using the same data for lragq.

Table (4) presents the original data foe lraq.

Table (4) Data for iraq 1960-70, females

age group number deaths
(thousands) | (thousands)

0-4 766.7 2.13
5-9 ‘603.0 .36
10-14 491.2 .34
15-19 343.4 .31
20-29 531.4 .74
30-39 459.2 .87
40-49 315.5 «95
50-59 227.6 1.02
60-69 155.8 1.90
70-79 75.9 4.76
81 over 24.0

* reproduced from Brass (1976), table 6.
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Using the points corresponding to ages over 30:

= 1.8853
1-u

CDR!

. 0063

[
n

r

.4689

.0262

The detailed calculations for estimating o are presented

in Table (5).

Table (5) The detailed calculations for estimating o

L

age (V) D; P ;—\‘/A - r/CDR! | vy=(4).Py—D; o
(1) (2) (3) (4) ?

5 .8404 |.8080 2.5873 o 1.2497 2.07
10 .8139 |.6567 2.4603 | .8017 2.00
15 .7884 |.5340 2.0634 ! L3134 .91
20 .7653 |.4480 1.9047 ! .0880 .70

Thus o = 2,

The adjusted death rate, assuming the underregistration

under age 30
20%.

In view of the previous discussion and the near const-

ancy of o, the adjusted death rate seems much more rea-

sonable than the reported rate of 3.35%.

is twice the underregistration over age 30=
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Note that, assuming the underregistration over age 5 is
the same as the underregistration ove? age 30, the adj-
usted death rate = 14%. This is quite close to the es-

timate provided by Brass.



A.

RPPENDIY (£

1 DEFINITIONS

ou:

total number of age groups.

actual number of deaths in age group i. i=1,2,
sowy Ms

proportionate under-registration in age groups
mto M (0<cu <1).

u = (under-registered deaths/actual deaths).

proportionate under-registration in the remai-

ning age groups (1 to m).

number of age groups experiencing under-report

ou.

actual and reported population proportion per

year of zge eround the point y.
actual and reported population proportion over

age y.

reported proportion of deaths over age y. (re-

ported deaths over‘age y/total reported deaths
for all ages).

actual proportion of deaths beyond age v.
N /P .

Y ¥

D /F .

y v

erowth rate.

actual death rate.

o /P
Yy |y
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A.2 RESULTS

In section (4) we will prove that:
For i >m:
1. Y. = r + COR' .x:
where

CDR' = CDR.K(u,o0)

m 5
u{o-1) { d)<
x=1
K(u,0) = 1 -
M
(1-u) ¥ ¢
X
x=1
=1 - ulo-1)
o"
m
(1-u)+ (1-0ou) ——
1-p"
m
Also,
2. g 1 - Total reported deaths

COR'. Total population

(0= 0"y ulo-1)
} m

(]
|

i (1- ou)
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A.3 METHOD

| Using the reported population and deaths for age groups
m to M, COR', r and u are estimated using (1) and (2).

vl r r
o= (— + (Dl - Dm))
u (D

1

- Dr + v,)
m i

-
I

' o, thus:

CDR = (Reporfed deaths from 1 to m.

Using relation (3) and (4) o is estimated as:

Finally, the reported deaths are adjusted using u and

Reported deaths from m to M|

(1-ou)
/ total population.

or

CDR = CDR'/K(u,o0).

+

(1-u)

(a.1)
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M
d (1=u)
X
D? - X= |
m .m
5 dx(l-ou) + 5 dx(I-u)
x=1 X=m
M
ng(l-u)
U? - x=1i
m _ . M
T dxf1-u+u-ou) + 3 dx(l-u)
x=1 X=m
then -
M
Ff d (1-u)
= X
et = =
: M m
d (1-u)+ u(l-0-) 5§ d
X X
x=1 x=1
M
. e . ;7 d (1-u)
dividing the nominator and denominator by w=1 X

and using (e2.1) we get:

D,
ot = '
i m
ulc-1) 7d
»
HES) 7=1
1=u) 7 d
-y X
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Thus,

DT = D, /K(u,o0)

Where
m
U(O-1) r d)(
K(u,o)=1 - . ;"1
(l-u)y i
X
x= ]
but
r Dr
x o
| i
then
x" o _ X
| Klu,0)P, K(u,o0)
since

Yl - r 4+ CDR.Xl

vsing (a.3)

Y, = r s CDR.K(u,o).X:.

(a.2)

(a.3)
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Finally,
Y, = r + CDR' .X 3
i
where CDR' = CDR.K(u,o0)
m
u(o=-1) T dX
Klu,0} = 1 = — xz1
(1-u)
¥ dx
x=1

o show That K(u,o) may be re-expressed in terms of
ihe reported deaths as:

K(u,0) = 1 - Mok 3
D
(1-u) +(1-0u) mr
1-D
m
since
m
u(o-1) } dx
K(u,0) = 1 - x=1
M
(1-u) T d
x=1 X
m
ulo-1) I S,
= 4 . . »x=1
o M
(1-ud? 9, 4 i g,
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ulo-1}

M

id (1-u)
(1-ou)_x=n*
(1=-u) |14 .
(1-u) m
I d_(1-ou)
X
x=1
and
K(u,0) = 1 - ulo-1) =
(1-u)+(1=-ou) Dm
1 -0f
m

This completes the proof of (A.1}.

Using the reported number of deaths for ages over m,and
the relation (2.3)

n ¢’
B I
Py Py
where f is the ratio of the true deaths over age n v

the reported deaths over age m.
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This. f = true deaths over age m .
! true deaths over age m - under-reglistered deat
over age m
1
: 1-u
since

Y, = r + CDR'.X".

Then
COR'(total population) _ _1
(total reported deaths 1=u
and
u o= 1 total reported deaths
CDR'.total population.
For I < m:
m M
d (1=-u)
}" dx(""o U)+ ’ >
ro_ x=i ¥=m
5. Dl - T (a.4)
Id (1-0 u)+ 7 d (1-u)
bs b4
y=1 X=m
m M
P2 ti-uty-oul+ ] d,,ki=m)
o ox=i =M
LI T om M

I d (l-y+u-ou)+ I d (1-u)
x ¥

=1 y=r
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M m
T d (1-u) - u(o-1) y d
X X

x= | x=

v m

Tg (1-u) - ulo-1) I
x

x= | x= 1

M
Todo

x=

dividing the nominator and denominator by (1-u)

we get: m

) dx

x= ]
S m
s dx
x= |
i M

(1-u) ¥ 4
x=1 X -1
m

ulo-1)3 d
X

x= |

v, = x= (a.7)

(1-ou) dx(1-u)

(l-u){j+ X = -1
"
v0-1 ([ (1oyy ¢ (1-ou)

¥=1




but

dx(1—ou)

X=1i

(22)

m
5 dx(l—ou) +

~mM =X

d, (1=-u)

[ ) X=m

3t ™~Mm 3

d (1-ou)
X
1

e~

X

V=

d (1-u)
X

m

i~ XX

m
3 dx(1-ou)+

1 X

r
(1-u) (1--ou)Dm

-ulo=1)

iE -1 .

(1-u)(1-D")
, . m




(23)

r DI
Dy ® X(u, o) Vi
Thus
m
u(o-1) Idx
x= |
vy " (a.5)
K(u,0)(1=u) de
' x= |
D
] ~- or
i K(%,o0 - D] (2.6)
Rewriting (a.5)
m
u(o-1) dx
x= |
M
(1=u). dx
= e x= |
m
ulo=-1) d
x
| - x= |
M
(1-u) d
X
x= |

Mutltlplying the nominator and denominator by

M

(1-u) dx

x= |
r

u(o-1) d

, We get

x= |



(1-u)(1-D") (1-ou) D'
m m

-
7(o-17 -1 - -0,
and finally,
(0" - DTyuto-1)
v, & | m
! (1-ou)
4. From.(a.6)
D
Vi = ! - D?
K(u,o0)
Yy-R - K
CDR' ~  CDR.K(u,o0) - "K(o,uw) P -K(o,u)-
then
D _ Y, - r
i = i 5
K(o,u) - CDR' "
and '
¥i
vl - r r
cort . i = Dy



