
ESTIMATION OF ADULT MORTALITY FROM INFORMATION 
ON THE DISTRIBUTION OF DEATHS BY AGE 

A. BACKGROUND OF METHOD 

1. Use of infonnation on deaths by age and sex 
The straightforward way of calculating mortality rates 

is by using the infonnation on deaths by age produced 
by a vital registration system. However, even though 
many countries possess such a system of registration it is 
often the case that not.all the deaths are registered. As a 
result, the death rate implied by the reported deaths is 
usually an underestimate of the true death rate prevalent 
in the population in question, and some method of 
adjustment is required to transform the reported death 
rate into a better estimate of true mortality conditions. 
Of course, the same statements apply to the calculation 
of age-specific death rates; if a life table is calculated in 
the ordinary manner, and if deaths are underreported, 
the survival function, I(x), will fall too slowly as age 
increases and estimates of life expectancy will be biased 
upward. 

Over the years, demographers have suggested several 
methods of adjustment. Two methods were selected for 
inclusion here: one proposed by Preston and ~oa le ; '  
and the other proposed by ~rass? A third method that 
essentially compares registered deaths between two cen- 
suses with the deaths implied by the census age distribu- 
tions is presented in chapter IX. 

The two methods described in this chapter are based 
on the assumption that the population being studied is 
stable (see chapter I, section C). They are both fairly 
robust to violations of the assumption of stability, partic- 
ularly to went changes in fertility and to gradual 
changes in mortality. Nevertheless, the methods hold 
strictly only for stable populations, and it is therefore 
helpful to recall the main characteristics of such popula- 
tions. A stable population is one that has been subject to 
constant fertility and mortality for a long time. A feature 
of such a population is that the rate of exponential 
growth is constant at all ages, from which it follows that 
the same rate of growth must apply to births, deaths, 
deaths in any particular age group and the population of 
any age group. 

The methods presented are also based on the assump 

tion that the completeness of reporting of deaths is the 
same at all ages. That is, it is not assumed that reporting 
is 100 per cent complete; but if it is, for example, only 80 
per cent complete, this figure applies to all age groups. 
In practice, because childhood and adult deaths are very 
often underreported to different extents, these methods 
are used only to estimate adult mortality (robust pro- 
cedures for estimating childhood mortality are discussed 
in chapter 111). Child mortality estimates obtained Trom 
the procedures described in chapter I11 and agespecific 
death rates for adults adjusted by the methods described 
in this chapter may be spliced together in the 
conventional manner or by using model mortality 
schedules as described in chapter VI. 

2. OrgMzation of this cihopter 
The two methods described in this chapter use infor- 

mation on the age distribution of deaths and that of the 
population. They both assume that the population is 
stable and that the degree of completeness of death 
registration is more or less the same at all ages a k r  
childhood (over age 5 or 10). The basic data required 
may be obtained from a vital registration system (deaths 
by age) and a census (age distribution of the popula- 
tion), or from surveys, whether retrospective or prospec- 
tive in nature. In all cases, it is important to make sure 
that the deaths refer to the population whose age distri- 
bution is being used in the analysis. To aid the user in 
selecting the method best suited for a particular applica- 
tion, brief descriptions of the methods presented are 
given below (table 122 indicates their data requirements 
and the parameters they estimate): 

Section R Arston and G d e  methad. An quation is 
derived from stable-population theory that relates the 
population of age x to the deaths over age x expanded 
by a series of factors incorporating the stable growth 
rate. The ratios of the estimated population of 
age x derived from deaths over age x to the reported 
population of age x ,  denoted by N(x)/N(x), indicate 
the relative completeness of death registration. 
Although it is neceyry to assume a growth rate, r ,  in 
order to calculate N(x), a "best" value of r can be 
selected as being that which produces the most con- 
sistent set of f i ( T ) / ~ ( x )  ratios ibr different values of x . 

' Samuel Reston. Ansley J. Coale. James Trussell and Maxine This method is more robust to departures from stability 
Weinstein, "Estimating the completenen of nporting of adult deaths than the Brass method, but it is more sensitive to certain 
in populations that arc approximetel stable," Popuhtion Studies, vol. types of age misreporting; 
14 No. 2 (Summer 1980), pp. 179-2d 

William Brass, Methodt for Ectitna+ Fcrtili~y and MorroliIy fiy~ Section C. Bmrr growth balance method. In a stable 
Limited and afcctirc lblo (Chapel HI& North Carobna. Carolina population* the rate into the population 
Population Center, Laboratories for Population Studies, 1975). and over by reaching age x is equal to the rate of depar-' 



TABLE 122. SCHEMATIC GUIDE TO CON1 ENTS OF CHAPTER V 

Scrriar I ) y c o / i y u r ~  

B. Preston and Coale Deaths in a year classified by five- 
Method year age group. and by sex 

Mid-year population classified by 
five-year age group. and by sex 

Provisional estimate of the growth 
rate 

C. Bran growth balance Deaths in a year classified by five- 
method year age group and by sex 

Mid-year population classified by 
five-year age group and by sex 

G N ~ ~ r n  

Completeness of death-reporting 
in relation to population cover- 
age 

Rev~sed estimate of the growth 
rate 

Revised es~imate of the death rate 
over age 10 

Completeness of death-reporting 
in relation to population cover- 
age 

An estimate of the growth rate 
Revised estimate of the death rate 

over age 10 

ture from the same population segment through death from the current number of deaths recorded at each age 
plh the stable population growth rate, which is the same above x. Specifically, if N(x) is the number of persons 
for all values of x. This method uses this relation to at age x in a stable population with growth rate r ,  and 
estimate the stable growth rate and the relative com- D(x) is th: number of deaths at age x ,  then an estimate 
pleteness of death registration. It is somewhat less of N(x ), N (x ) can be expressed as 
vulnerable to age exaggeration than the Preston and 
Coale method, but it is more sensitive to the effects of 
destabilization resulting from a rapid mortality decline. k(x)= D(a)exp (r(a -x)). 

a = x  
(B.1) 

B. PRESTON AND COALE METHOD 

1. Basis of method and its rationale 
In any population, the number of persons in a partic- 

ular age group, say 25-29, at a particular time t will be 
qual  to the total number of deaths to those persons 
from time 1, when its members are 25-29, until the last 
survivor has died. If only 50 per cent of the deaths 
occurring every year are registered, then the ratio of the 
total number of deaths reported to the actual population 
will be 0.5, the value of the completeness of registration. 
The Preston-Coale procedure is based on this simple 
idea. Of course, in the example given above, one would 
have to wait a long time to obtain an estimate of the 
completeness of registration. However, if the number of 
deaths that will occur after time r can be estimated from 
the number of deaths reported for a particular year or 
calendar period, the comparison of the reported number 
of persons in a particular age group with the estimated 
total number of future deaths to the age group should 
provide an estimate of the completeness with which 
deaths are registered. In a stable population, there is a 
precise relationship between the numbers of current 
deaths and the numbers of persons in the population. 
Tht persons now aged x,  to whom deaths are currently 
occumng, a n  the survivors of births x years ago, which, 
by the properties of stable populations, must have been 
smaller in number than w e n t  births by a factor of 
exp (-rx). Hence, the number of deaths that will occur 
to the current number of births when they are aged x 
will be larger thm the current number of deaths to per- 
sons aged x by a factor of exp (rx ). 

It follows that the number of deaths that will be 
experienced by persons currently aged x (theoretically 
equal to the number of such persons) can be estimated 

If the population is genuinely stable, the rate of growth 
correctly specified, apd deaths and population accu- 
rately reported, then N(x ) will equal N(x ). If, however, 
deaths are undfrreported by some fixed proportion (say, 
20 per cent), N(x)/lV(x) will be less than 1.G-in this 
instance, 0.8. Since N(x) is an estimate of the popula- 
tion at exact age x ,  it cannot be compared directly to the 
reported population, which is normally tabulated by 
five-year age group. One can estimate N(x) as 
(5Nx -5 +sNX )/ 10, where . Nx is the reported population 
between ages x apd x + p : or. alternatively, 5NX can be 
estimated as 2.5(N(x) +N(x +5)). 
Thus, the ratio of fi(x) to N(x) is an estimate of the 

completeness of death registration in relation to popula- 
tion enumeration, but it would be unw!se to estimate 
cqmpleteness from a single ratio N(x )/N (x ) or 
5Nx /sNx, since the number of persons reported at a par- 
ticular age (even if determined as the average of the 
number over an interval centred on x )  is subject to over- 
statement or understatement because of age- 
misreporting, or because of differential omission of per- 
sons in a particular span of ages. A better estimate of the 
completeness of death registration in relation to popula- 
tion enumeration can be obtained from erratic 
#(x )/N (x ) ratios by considering some type of represen- 
tative value of individual ratios over an extensive range 
of ages. For example, the median can be used, or the 
ratio of the sum of estimates of 5fix over an extensive 
range of ages to 5NX over the same range. The obvious 
possibility is the ratio 

which is a comparison of the total population estimated 



from the number of deaths to the total enumerated sequence of N /N falls with age; the opposite occurs if 
population. However, this possibility is cot necessarily the value of r is too low; 
the best because estimates of N(0) and SNO are based in (b) U p w d  displacement of age at &ath. Very often 
part on the reported m~mbers of infant and child deaths, the age of older persons is displaced upward, perhaps 
which tisually constitute a large proportion of the total because social status is enhanced by advanced age. 
number of deaths and are often subject to a complete- Typically, reported ages at death are displaced upward 
ness of registration quite different from that of deaths at to a greater extent than the reported ages of the living. 
older ages. A common situation in which age at death is exag- 

Another problem arising in the estimation of N ( ~ )  is gerated in relation to-the age of the living produces the 
the determination of the population estimated from rising sequence of N/N ratios shown in panel B of 
reported deaths at the upper ages. At the upper end of figure 11- O~erstatement of age at death intreases the 
the age range, there is always an "open interval", in estimate of N(x) in two ways. Recall that N(x) is the 
which the number of deaths and the number of persons sum of the products of deaths over age x and exponen- 
are tabulated in an undivided age category, such as 
90+, 85+, 80+ or 75+. If the lower boundary of the Figure 11. Illustration of the effects of deviations from the assymp- 

open int$rval is denoted by A ,  the estimation of N(A ) tionson the plot of estimated to reported population ratios, N IN. 
for model cases 

and of N(A +) from D(A +) and the rate of growth 
requires special procedures because the distribution of 1,4& Panel A plot: varying choice of growth rate. r 
deaths within the opeir interval i: not available. It can 
be proved that the estimation of N(A ) is less sensitive to 
uncertainties about the distributio? of deaths in the open ,, 
interval than is the estimation of N(A +). 

Because of the special difficulties involved in estimat- 1.1 - 
ing the values of N in early childhood and in the open r = 0.025 (correct) 

interval, a practical option to obtain the least erratic 
values of the ratios of estimated to reported population 0.9 - 
is to divide the sum of the estimated sN, values over cer- 
tain ranges of age x (from age 5 up to age A -5, five O" 

years before the beginning of the open interval) by the , , , I , , , 
sum of the reported gNx values over the same range. 10 15 20 2s 30 35 40 45 so 55 60 65 70 75 

Age 
It is therefore suggested that two sets of estimates be 

considered in assessing the completeness with which Panel B plot: 
deaths are recocded in relation to the population->he 1.3- 

sequence of I O N ( X ) / ~ ~ N ~  - 5 ,  and the sequence of N(x 
to A )/N(x to A) ratios for different values of x .  In an 
ideal situation of accurately reported age, a genuinely 1.1 

stable age distribution of known growth rate, and the 
same completeness of registration of deaths at different 
ages, both sequences of ratios would be constant with o,g 
respect to age and both would yield the same fixed esti- 
mate of completeness. In actuality (as stated earlier), 0.8 

the first set of estimates is erratic because of misreport- 
ing of age in the population or because of differential O.' 

completeness of enumeration. In addition, it is fre- 0.6 

upward displacement of age of population and deaths 

- 
- 
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- 
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quently the case that the estimates both of N(x) and of lo " 20 25 30 35 45 55 60 65 75 

N(x to A ) are affected by violations of the assumptions ~ g e  

upon which the method is based. It turns out, however, 
that the most typical violations of the assumptions pro- 
duce characteristic Qeviations from the expected hor- 
izontal plot of the NIN sequence, deviations that are 
fairly distinctive and therefore, in certain circumstances, l.2 

interpretable. In order to examine such effects, the esti- 
mation method proposed was applied to data from a 
true stable population with a growth rate of 0.025, which 1 

have been artificially distorted. The conclusions o.o 

reached from these experiments are summarized below. 
(a) Incorrect chpice of growth rare. In panel A of 0.8 

figure 11, plots of N lN are shown for the correct choice 
o,7 

Panel C plot: declining mortality 

- 
- 
- 
----a- - - - - 
- 
- 

of the growth rate, r (0.025). and for values that are too 
I I I ~ I I I I I I ~ I ~  

10 15 20 25 30 35 40 45 50 55 60 65 70 75 

high or too low. It can be seen that if r is too high, the Age 

13 1 



tial terms exp (r (a -x )) (equation (B. 1). Overstatement 
of age at death in the form of a transfer-of reported 
deaths from under to over age x increases N(x) by sim- 
ple exaggeration of the relative number of deaths over 
age x. Moreover, overstatement of age at death 
confined within the span of ages over x (that is, *with no 
transfer from under x to over x ) also increases N(x ) for 
the following reason. When the sum 

that determines f i ( x )  is calculated, a transfer of deaths 
from lower to higher ages within the span over x results 
in multiplication of the transferred deaths by a larger 
than warranted exponential factor. 

The first or direct effect of an upward transfer of 
deaths across some age boundary x is substantially 
greater than the second or indirect effect of age exag- 
geration above x ,  resulting in too old an age distribution 
of deaths over age x ,  though the indirect effect contin- 
ues to distort the results for all values of x. The size of 
the indirect effect declines as x decreases, however, so 
that by age 10 it will be only about half as large as at age 
70, say, if net upward transfers occur only over ages 75, 
80 and 85. The overall effect, *erefore, of exaggeration 
of age at death on the plot of N(x)lN(x) is likely to be 
an imperceptible upward trend with x up to the age at 
which exaggeration begins, followed by a sharp upward 
kink reflecting the direct effects of exaggeration. The 
values of the points up to the kink should not be severely 
distorted, unless exaggeration of age at death begins at 
fairly young ages; 

(c) &parlures from stability. If fertility has recently 
declined or if there was a birth deficit at some time in 
the past that created a small cohort in the population, 
the age distribution would not in fact be stable. The 
match between the true number of persons at age x and 
the number constructed from the number of deaths, 
even if deaths were completely reported, would be 
impaired. Specifically, small cohorts caused by low fer- 
tility either at the younger ages because of a recent 
decline, or for another cohort because of-the effect of a 
war, would be reflected in high values of N(x)lN(x) for 
these age intervals. However, if the estimate of com- 
pleteness of registration of adult deaths is derived by 
analysing deaths and population only over age 15 or 20, 
a deviation from stability caused by. recent changes in 
fertility will have no effect on the results. A more fre- 
quent situation in contemporary populations in develop- 
ing countries is a decline in mortality that has occurred 
over the past 20 or 30 years. A history of declining mor- 
tality causes a departure from the stable age distribution, 
but usually a rather limited departure. The sequence of 
ratios of N lN produced in a typical population in which 
mortality has been declining- is shown in panel C of 
figure 1 1. The seqyence of N (x ) lN (x ) rises and then 
falls, while that of N(x .to A )/N(x to A ) falls slowly at 
first and then more rapidly. The actual pattern depends 
upon the particular trend followed by the mortality 

decline and the time period during which the decline has 
taken place, but an inverted U pattern is fairly typical. 

In any real population, of course, misstatement of 
reported age by the population will t ~ n d  to produce a 
zigzag pattern in the sequence of the N(x )lN(x ) ratios. 
Such distortions arellessened when the cumulated' ver- 
sion of these ratios, N(x to A )lN(x to A ), is considered, 
that is, when the estimated population whose age ranges 
from x to the lower limit of the open interval is com- 
pared with the number of persons in the enumerated 
population over the same age interval from x to A .  
Unfortunately, it is not always easy to distinguish 
between the effects of the different violations of the 
underlying assumptions. 

Both overstatement of age at death and choice of a 
growth rate that is too small cause a rising sequence of 
N(x )lN(x ). However, too small a value of r causes the 
sequence to rise linearly at all ages; while overstatement 
of age at death, concentrated as it often is at the highest 
ages, causes an upward bend at the first age at which a 
systematic upward transfer of reported age at death 
occurs. If the chosen r is too small, one simply tries a 
larger value. If N(x )/N(x ) rises monotonically only 
over age 75, for example, overstatement of age at death 
is the likely cause. An estimate can be made of the 
extent to which the number of reported deaths above 
each age has been increased by age overstatement, and a 
rough correction can be made by reassigning the excess 
rfported deaths to the next lower age interval. The 
N (x )lN(x ) ratios can then be recalc!lated. Usually this 
correction only slightly reduces the N(x )/N(x ) ratios at 
younger ages. An alternative to redistribution may be 
the selection of a lower beginning age for the open inter- 
val, so that age overstatement is largely confined to that 
interval. 

A more ixpactable problem is to distinguish a declin- 
ing set of N(x)/N(x) ratios that is associated with a 
population that has a history of declining mortality from 
that produced when the growth rate used is too high. 
Moreover, adjusting the estimates by assigning a smaller 
value to the rate of growth would lower the estimate of 
completeness; yet, the estimate derived from the popula- 
tion with a history of declining mortality may already be 
t p  low. When faced with a declining sequence of 
N(x )lN (x ), one must therefore decide on other grounds 
whether the population in question has recently experi- 
enced extensive declines in mortality. If such a decline 
has occurred, the median of the ratios of cumulated 
populations with beginning ages from 10 to 35 or from 
10 to 45 can be accepted as an estimate of completeness. 
On the other hand, if a prolonged and substantial 
decline in mortality appears unlikely, a lower value of 
the rate of increa? can be employed to produce a more 
level sequence of N (x )lN (x ) ratios. 

Unfortunately, the generally optimistic tqne of this 
discussion of the diagnostic value of the N(x)/N(x) 
sequence is not invariably justified in practice. Errors 
are not always as orderly as one would wish, and combi- 
nations of dilfferent types of errors can give rise to pat- 
terns in the N(x)IN(x) ratios that cannot be interpreted 



according to the simple rules presented above. Hence, it 
will not always be possible to obtain one single, unambi- 
guous estimate of completeness, though by the judicious 
use of different growth rates and open intervals, it 
should at least be possible to obtain some idea of the 
range within which.the true figure lies. 

2. Data required 
The following data are required for this method: 
(a) The deaths occumng in a specific time period, 

normally in a given year (but the average over a two- 
year or a five-year period may be used as well), classified 
by age. Five-year age groups are adequate. It is useful, 
though not essential, to classify by sex; 
(6) The population by age group (and sex) 

corresponding to the mid-period for which deaths are 
given; 

(c) An estimate of the growth rate during the period. 
One need not have a precise estimate, since an incorrect 
cboice of r should be evident in a diagnostic plot of 
N(x)lN(x). Indeed, the final choice of r may be deter- 
mined by that value which produces the most level trend 
over the central age groups. 

3. Computational procedure 
The steps of the computational procedure are 

described below. 
Step I :  estimation of growth rate. Since the method is 

applied only to adults, the provisional estimate of the 
growth rate could be obtained as the intercensal rate of 
growth of the population over age 10 or 15. However, a 
better estimate can usually be found by taking the 
median of the growth rates of the population over ages 
10, 15,20, ..., 60. If censuses are taken at times t and r2, 
and the population in question at time t 1  is NI  and at 
time t2 is N2, then the growth rate is calculated as 
r = In(NI lN2)/(t1 -12). If it is not possible to calculate 
intercensal growth rates, then an iterative procedure that 
would begin with a reaynable value of r and modify it 
until the sequence of N(x)/N(x) is as close to being 
horizontal as possible would be necessary. 

Step 2: @ustment of reported population to mid-point of 
period Strictly speaking, when the data on deaths are 
for a given year, the age distribution of the mid-year 
population should be used. If a census was taken on or 
near the middle of the year, its data can be used without 
adjustment. If the population data refer to the begin- 
ning or the end of the year, one possible course of action 
is to use the average of the data on deaths for the two 
adjacent years. Another, more general solution is to 
adjust the population figures so that they conform in 
time to the death data. The simplest way to accomplish 
this task is to assume that the population is growing at 
the growth rate estimated in step 1. Thus, if tm is the 
date corresponding to the middle of the period (or year) 
to which the death data refer and 1, is the reference date 
of the census, the adjusted population values are com- 
puted as 

SN," = =NX exp (r (1, -t, )). 

Note that the values of 5Nx and N(x +) would all be 
multiplied by the same adjustment factor 
exp (r(tm -1,)). Thus, in practice, it is much simpler to 
apply this method without adjusting the data at this 
stage, but making sure to adjust the estimated complete- 
ness of death registration, C, by the factor 
exp (-r(t, -t,)). Furthermore, if one is interested in 
adjusted age-specific mortality rates and not in the level 
of completeness per se, this adjustment is not necessary. 
When no adjustment is performed, C will be an estimate 
of completeness of death registration in relation to the 
size of the unadjusted population, so multiplying the 
reported deaths by l.O/C and dividing by the unad- 
justed population will yield the same estimated mortality 
rates as those obtained when the population is adjusted 
as explained above. 

Another common situation that requires adjustment 
of the sNx values arises when the deaths correspond to 
an intercensal period. In this case, the population 
figures should be the average of those recorded by the 
two censuses and the death figures should be the average 
annual number of deaths. 

Step 3: estimation of population from registered deaths. 
It can be shown that equation (B.1), from which the 
estimated population at exact age x,N(x), is calculated, 
c?n be- expressed in recursive fashion as 
N(x )= N(x +5lexp (5r)+SDx exp ( 2 5 ) .  Hence, the 
calculation of N(x) is straightforward, except for the 
open-ended age interval. In general, since the estima- 
tion for this interval requires a certain amount of 
approximation, it is advisable to use as narrow an open 
interval as the data permit, taking into consideration the 
possible effects of age exaggeration. 

For each of the five-year age intervals from x to x +4, 
it is assumed that the length of time from x to the mid- 
point of the interval provides an adequate estimate of 
the average length of time over which deaths need to be 
inflated by the stable growth rate. In the case of the 
open interval (deaths at age A and over), there is no 
mid-point, so some alternative procedure is required to 
include these heavily weighted deaths in the analysis. 
There are two different problems involved, the first 
being to decide what age A to select as the lower boun- 
dary of the open interval, and the second being to esti- 
mate the age point at which the deaths in the interval 
should be assumed to be concentrated in order to apply 
the correct growth rate adjustment to them. 

The first problem is sometimes resolved by the form in 
which the data are available. If the tabulations of 
deaths by age stop at age groups 55-59, 60-64 or 65-69, 
leaving open-ended intervals beginning at values of A of 
60, 65 or 70, respectively, then nothing better can be 
done than to use the value of A as given. If more age 
detail is available, the question arises whether to use the 
A of the basic data or to use a lower value. The advan- 
tage of using the highest possible value according to the 
data tabulations is that the higher the value of A ,  the 
smaller the approximation made in estimating the age 
point at which deaths in the open interval are assumed 
to be acting. The advantage of using a lower value of A 



is that the age errors in death reporting, which probably 
increase with age, will be reduced. In general, a value of 
A of 75 may be adopted except in cases where age 
reporting is extremely good, when values of 80 or 85 can 
be used. Age 75 is selected because it offers the most 
advantageous balance between gains obtained by reduc- 
ing the effects of age errors at very high ages and losses 
related to the approximation involved in estimating the 
weight of the deaths in the open interval. 

The second problem, that of estimating the weight for 
the deaths in the open interval, can be solved by using 
models. If A is the lower boundary of the open interval, 
the number of people aged A is given by 

an expression that cannot be evaluated from the data 
because the values of D(x) are not available. However, 
there exists a length of time, z (A ), such that 

D(A +)exp(rz(A))= 5 D(x)exp (r(x -A)) 
x=A 

so that the number of people aged A can be calculated 
from the number of deaths over age A, D(A +), as 

&(A)= D(A +)exp (rz(A)). 03-31 

Values of z(A) have been calculated for a range of 
model cases having different growth rates, mortality lev- 
els, mortality patterns and values of A .  Least-squares 
regression was used to relate the values of z(A ) to two 
parameters available in any application, namely, the 
growth rate r and the exponential value of the ratio of 
deaths over age 45 to deaths over age 10. The 
coefficients shown in table 123 make it possible to esti- 
mate z(A ) for values of A ranging from 45 to 85 for 
each family of the Coale-Demeny model life tables by 
using the following equation: 

In any particular application, therefore, the value of 
z(A ) may be estimated from the growth rate, r ,  as 
estimated in step 1, and the ratio of deaths at age 45 and 
over to deaths at age 10 and over, a ratio that can be 
readily calculated from the distribution of reported 
deaths by age group. The population aged A can then 
be estimated using equation (B.3). If no indications 
exist as to which family of life tables should be used, the 
West family is a satisfactory default. 

Once the value of f i ( ~ )  has been calculated from 
deaths in the open age interval, the remaining calcula- 
tions are straightforward. One begins with the open 
interval and continues downward, using the following 
r~ursiv? equations to calculate N(A -5) from 
N(A ), N(A - 10) from &(A -5) and so on: 

fi(x )= fi(x +5)exp (5r ) +5Dx exp (2.5r), (B.5) 

where 5Dx is the number of reported deaths in the inter- 
val from x to x +4. 

TABLE 123. COEFFICIENTS' FOR ESTIMATION OF THE AGE FACTOR FOR 
THE OPEN INTERVAL. z (A  ). FROM THE RATIO OF DEATHS OVER AGE 45 
TO DEATHSOVER AGE 10 ANDTHE POWLATION GROWTH RATE 

North ......... 

South ......... 

East ............ 
50 - 15.14 158.5 
55 -13.97 140.4 
60 -12.10 1 18.8 
65 - 9.43 93.9 
70 - 6.07 66.5 
75 - 2.52 39.3 
80 0.37 16.8 
85 1.79 3.5 

West ........... 45 - 13.43 181.4 
50 - 12.49 163.6 
55 -11.24 143.7 
60 - 9.50 121.2 
65 - 7.21 %.I 
70 - 4.48 69.2 
75 - 1.64 42.9 
80 0.72 20.5 
85 2.03 5.9 

Note: z(A) is the age that satisfies the relationship 

and it is estimated from the equation 

Based on 1 1  levels of mortality. with eo ranging from about 10 
years to about 75 years. 

Step 4: estimation of completeness of dcoth registrarion. 
The completeness of death registration, C, may be taken 
as the average level of $e sequence of N(x)/N(x) 
values, or of the sequence N(x to A )/N(x to A ). Use of 
the median or the mean of the values over ages where 
the latter sequence is approximately flat, say, from age 
10 to age 45, is suggested. If the plot of the N(x)/N(x) 



ratios shows a generally rising trend with x ,  suggesting 
that the growth rate used was too low, or a falling trend 
with x ,  suggesting that the growth rate used was too 
high, the growth rate should be modified accordingly 
and the calculations repeated. If some test is required to 
decide which set of points provides the closest approxi- 
mation to a horizontal line, the absolute deviations of 
the points, excluding obvious outliers, from their grand 
mean (excluding again the obvious outliers) could be 
summed; and that growth rate giving the minimum sum 
could be accepted. Another procedure would be to 
divide the points, again excluding outliers, into two 
groups of equal size (for instance, points for ages from 
10 tp 35 and from 40 to 65); to calculate the mean value 
of N(x)/N(x) for each group, and to accept the growth 
rate that minimizes the -difference between the two 
means. If the slope of N(x)/N(x) indicates that the 
growth rate has been misspecified, the following rule of 
thumb can be used to estimate an adjusted value of r. 
The effeci of an estimate of r th$ incorporates an error 
& on N(x) is to increase N(x) by a multiplier 
1 +(&)ex, where ex is the expectation of life at age. x. 
Given that ex does not vary rapidly with the overall 
level of mortality for advanced values of x ,  the estima- 
tion of ex for particular applications can be avoided 
while still obtaining 5 reasonable first approximation to 
&. If the values of N(x)/N(x) for values of x from 20 
to 40 and from 40 to 60 are averaged, and the difference 
between them (a rough indicator of slope) is obtained by- 
subtracting the 20-40 average from the 40-60 average, a 
first approximation to & can be found by dividing the 
result by 14.5. This value of 14.5 is suitable for an e 10 of 
about 55 years; if the true value of elo were 45 years, the 
value of the denominator should be about 12.7, whereas 
for 65 it should be 18.4. 

Step 5: a#wtment of mported &h rates for undcrregis- 
tration and ca/ddion q a  lve table for &Its. If the age 
intervals are, for example, 10-14,. .., 75-79, 80+, then 
adjusted death rates are calculated in a straightforward 
manner as follows: 

and 

Lastly, the ,m.fj values are converted into life-table 

14 to 75-79: 
'S values in the usual manner for the age groups from 1 

table. However, some irregularities generally will 
remain in the sequence of adjusted smX values, because 
of age-misreporting or other errors; and further adjust- 
ment and smoothing, for example, by comparison with 
mortality models, will be desirable. For further details 
on these types of adjustments, see chapter VI. 

4. Rmt &tiled example 
The case of the female population-of El Salvador in 

1961 is considered first. The deaths registered in that 
year, classified by age, are shown in table 124, along 
with the population enumerated at the time of the 1961 
census, with a reference date of 5 May 1961. 

TMLE 124. FEMALE POPULATION AND DEATHS BY AGE. 

ELSALVADOR. 1961 

For the open interval 75 +. 

TABLE 125. 1 NTERCENSAL GROWTH RATES FOR FEMALES. 

EL SALVADOR. 1950- 197 I 
Iuemd f p w l h  ~ l e  

""(7 19rnIWI I%/-1970 
m (J) --. (4) 

10+ .............. 0.0236 0.0330 0.0283 
IS+ .............. 0.0224 0.0307 0.0266 
20+ .............. 0.0232 0.0289 0.0260 
25 + .............. 0.0246 0.0287 0.0266 
30 + .............. 0.0258 0.0290 0.0274 
35 + .............. 0.0253 0.0298 0.0276 
40 + .............. 0.0266 0.0307 0.0287 
45 + .............. 0.0284 0.0309 0.02% 
50 + .............. 0.0293 0.03 1 1 0.0302 
55 + .............. 0.035 I 0.0326 0.0338 
60 + .............. 0.0366 0.0327 0.0346 

(~.o),rn,"di 
sqx = 1.0+(2.5)5m,"J 

(B.9) Step 1: estimation of growth mte. Censuses were taken 
in El Salvador in 1950, 1961 and 1971. From the cumu- 

Then, using the relation 1 (x +5) = I(x X1.O -sqx), values lated population figures, N(x +), growth rates for the 
.... of 1 (x ) for ages from 15 to 80 can be determined with a population over ages 10, 15.20, 60 were calculated as 

radix l(10) of 1.0 at age 10. If an estimate of l(10) is r = In[N2(x +)/Nl(x +)]/(t2-tl) for each of the two 
available from the procedures described in chapter 111, it intercensal periods. Results are shown in table 125, 
can be employed directly in calculating the full life along with the averages of the two. If the population 



were really stable and all data were accurately recorded, D(lO+)= D(O+)-$DO-@S 
then the growth rates would all be the same. Examina- 
tion of table 125 reveals that they are not, so some = 13,652-6,909-610= 6,133. 
choice must be made. The median of the average values 
(which roughly correspond to the growth rates in 1961) The ratio is then calculated: 
for ages ranging from 20 to 60,0.0287, was selectee. If 
this choice is a poor one, the diagnostic plot of N IN D(45 +)/D(10 +)= 4,089/6,133 = 0.6667: 
should reveal the error and an improved choice can be 
made., 

Step 2: a@umcent of reputed population to mid-point of 
period. The population figures correspond to the census 
reference date of 5 May, while the deaths are centred on 
1 July. Thus, the sN, and N(x to A ) values are too 
small by a tiny fraction. The difference in time between 
the mid-year and 5 May is 56 days, or 0.1534 of a year. 
Thus, the adjustment factor that should be applied to the 
population data is exp [(O. 1534)(0.0287)] = 1.0044. 
However, as stated before, the population data need not 
be adjusted at this stage, since it is simpler to adjust the 
resulting completeness of death registration (see step 4 
below). 

Step 3: estimation of pophation f m  registered deaths. 
In this case, the open interval is the age group 75 and 
over, so A is taken equal to 7;. Thus, in order to begin 
the recursive calculation of N, an estimate of z(75) is 
needed. 

The rate of growth has been estimated as 0.0287, and 
the mortality pattern regarded as suitable is West, so all 
that is required to estimate z(75) is the ratio of deaths at 
ages 45 and over to deaths at ages 10 and over. Cumu- 
lating from the bottom of column (2) of table 124, 

The value of D(10+) can be obtained most readily by 
subtracting deaths under age 10 from all deaths: 

and its exponential value found: 

exp [D(45 +)/D(lO+)] = exp (0.6667)= 1.948. 

Using the coefficients from table 123 in equation 
(B.4). 

z (75)= a(75)+b(75)(0.0287)+c(7S)(lI948) 

= - 1.64 +(42.9)(0.0287) +(3.9 1 )( 1.948) = 7.2 1. 

fi(75) is then obtained by applying equation (B.3): 

fi(75) = D(75 +)exp [rz (75)] = 

( 1 , 3 6 0 ) ~ ~ ~  [(0.0287)(7.2 I)] 

= (I ,360)(1.2299) = 1,672.9 

Then fi(70) is computed using the recursive equation 
(B.5): 

TABLE 126. VALUES OF REFORTED DEATHS, ESTIMATED FOWLATION FOR DIFFERENT AGES AND RATIOS 
OF ESTIMATED TO REPORTED FOWLATION. FEMALES, EL SALVADOR 1% 1 . 

For the opcncnded age group 75 and over. 

136 



Estimates of R(x) for all the required valyes of x are 
shown in column (3) of table 126. Next, SN70 is calcu- 
lated as 

and $(x to 75) is calcula!ed by cymulation. The com- 
plete sets of estimated 5Nx and N(x to 75) values are 
shown in columns (4) and (5) of table 126. 

Step 4: estimation of completeness of &ath registrution. 
Values of 5Nx I5NX and N(x to 75)/N(x to 75) are 
shown in columns (6) and (7) of table 126 (the denomi- 
nators of the ratios are found in columns (3) and (4) of 
table 124); both sets of values are disp!ayed in figure 12. 
To illustrate the stability of the ratios N(x to A )/N(x to 
A ) with respect to A ,  their values using an open interval 
of 60+ are also shown in table 126. Although they are 
slightly higher than those obtained using as open inter- 
val 75 +, the differences observed ?re small. Because, as 
figure 12 shows, the sequence of N(x to 75)/N(x to 75) 
ratios is approximately flat over the age range from 5 to 
60, their median, 0.825, is selected as an unadjusted esti- 
mate of C, the completeness of death registration. 
Adjustment of C is necessary to make allowance for the 
difference existing between the date of enumeration of 
the population and the mid-year (see step 2): Thus, the 
adjusted completeness of death registration, C, is 

Because in this case the difference in the dates men- 
tioned above is relatively small, the difference between 
the adjusted and unadjusted C is minimal, and for all 

practical purposes, adjustment can by bypassed. How- 
ever, it is important to remember its theoretical necessity 
in cases where the date difference is large. 

Step 5: adjustment of reported death rates. The age- 
specific mortality rates can be adjusted in the straight- 
forward manner by using equation (B.7) with the unad- 
justed estimate of C. For example, the adjusted death 
rate for age group 50-54 is given by 

5. Second detailed example 
The second example, using data fro-m Andra Pradesh 

State in India, illustrates how sets of N IN ratios can be 
used to estimate the completeness of death registration 
when the sequence of ratios is more irregular than in the 
case of El Salvador. The details of the calculations are 
not presented, however, since they are similar to those of 
the first example. 

Step 1: estimation of growth rate. in Andra Pradesh, 
the male population aged 10 and over increased from 
13,137,000 on 1 March 1961 to 15,806,000 on 1 April 
1971. The intercensal period was thus 10 years and 31 
days, or 10.085 years, so the intercensal growth rate of 
the population aged 10 and over, r (10 +), is given by 

Step 2: @ustments to b i c  data. The basic data (for 
males) on deaths by age and population by age for 1970 
and 1971 come from the Indian Sample Registration 

Figure 12. Plot of ratios of estimated to rewed female 
population, El Sllvdor. 1961 
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age 5 to a value over 1.0 at age 20, then falls to 0.80 at 
age 40, remaining between 0.79 and 0.89 from ages 35 to 
60, except for age 55. The probable explanation of this 
upanddown movement is the deviation of the reported 
age distribution from a stable form, which, although 
attributable to a true lack of stability is more likely to be 
the result of differential omission, or of the tendency to 
misstate age. It should be borne in mind $at the con- 
struction of the estimated population sNX from the 
recorded distribution of deaths and the grow,& rate, 
being cumulative in form, tends to follow a stable age 

distribution quite closely. Thus, if there arc segments of 
the age distribution that a? undercounted in the census 
or sulvey, the value of 5NX 15Nx will reach a peak at 
these points; and where, through age-misreporting, the 
population is over-enumerated, s!VX ISNx will show a 
minimum. The high point of sNX /sNX at age 20 is 
almost certainly the mult of an undercount *of the 
cohort aged 20-24. The cumulated values, N(x to 
70)/N(x to m), show no general trend with age; and the 
median value of 0.8% can be accepted as a sensible esti- 
mate of completeness of death registration. 

Figam 13. Pkt d nUoQ d estimated to npoltccl male popdatbn, 
Mn Rrkrb State, I d h ,  1910.1971 

It is likely that the age-misreporting that appears to 
have distorted the reported age distribution of @e popu- 
lation also produced an inexact reported age distribution 
of deaths. Thus, the life table obtained from the central 
death rates, pax, adjusted for underreporting of deaths 
by a factor of about 1.0/0.9, might represent the overall 
level of mortality moderately well, but the detailed 
structure of the resultant schedule of mortality rates and 
the accompanying life table would probably be 
distorted. It is therefore preferable to calculate the 
expectation of life at age 10 in this life table and to util- 
ize a model life table with the same life expectancy as 
perhap a more trustworthy representation of mortality. 

C. BRASS GROWTH BALANCE METHOD 

1. h i s  of method and its ralitnaale 
In 1975, B& proposed a method to estimate the 

completeness of registration of adult deaths. This 

method is based on the equation: 

where N(x) is the number of persons of exact age 
x;N(x +) is the total number of persons aged x and 
over; D *(x +) is the total number of deaths occumng to 
persons aged x and over; and r is the growth rate. 

Brass proved that equation (C.l) is exact for stable, 
closed populations. Its validity can be explained in 
common-sense terms by the following argument: since 
N(x) may be thought of as being the number of persons 
in a year entering the group of those aged x and over, 
the ratio N(x)/N(x +) can be interpreted as a "birth 
ray" for the population aged x and over. 
D (x +)/N(x +) is the death rate corresponding to the 
same population; and, if one denotes by r(x +) the 
growth rate for the population aged x and over, the 
equation 



simply states the familiar truism that in a closed popula- 
tion the birth rate is equal to the sum of the growth rate 
and the death rate. Now invoking the assumption of 
stability, it is the case that in a stable population the 
growth rate r(x +) is, by definition, the same for every 
x ;  and, therefore, r(x +) can be replaced by r ,  and 
equation (C.2) becomes equation (C.1). that proposed 
by Brass. 

Once the validity of equation (C.l) is established by 
assuming stability, a second assumption is made. Sup  
pose that instead of observing D*(x +) (the total 
number of deaths over age x ), only a proportion of them 
was recorded, say D (x +), where 

C(x) being a factor representing the completeness of 
registration of deaths at age x and over. 

If it is then assumed that the completeness of death 
registration does not vary with age, at least over age 5 or 
age 10, C(x) can be replaced by a constant C that does 
not change with age. Letting K = 1 /C and substituting 
equation (C.3) in equation (C.l), the following relation- 
ship is obtained: 

For a closed, stable population, where the complete- 
ness of death registration is the same at every age and 
where age-reporting is accurate, equation (C.4) provides 
a method by which to estimate the completeness of 
death registration. According to equation (C.4), the 
relationship between D(x +)/N(x +) and N(x)/N(x +) 
is linear; and the slope of the line defined by the points 
[D(x +)/N(x +), N(x)/N(x +)] is the value of the 
adjustment factor K. Hence, to estimate K, one needs 
only to find the slope of the line defined by the points 
[D(x +)/N(x +), N(x)/N(x +)I. Note, however, that 
no explicit allowance is being made for age- 
misreporting, whether of age at death or of age of the 
living, though the use of cumulation is likely to smooth 
out some of the effects of age errors. It is fair to say, 
therefore, that whenever the age structure of deaths or of 
the population is distorted by poor reporting, the esti- 
mates yielded by this method may be biased, although 
the use of cumulation and judicious elimination of 
points from the fitting procedure will reduce the effects 
of such errors. 

In practice, the points [D(x +)/N(x +). 
N(x +)lN(x +)] seldom fall exactly on a straight line, 
and K is obtained by selecting the line that best fits the 
observed points. In some cases, however, the deviations 
of these points from a linear trend are so marked that 
the use of this method of estimation is unwarranted. 
Large deviations from linearity may be due to several 
causes. The most common cause is the inaccuracy of the 
data (usually the existence of age-misreporting), but lack 
of linearity may also be due to differential completeness 
of death registration by age or to the lack of stability of 
the population considered (in this case, r(x +) would 
not be constant for every x). So, in general, a plot of the 

observed values D(x +)/N(x +) against N(x )lN(x +) 
provides a good diagnostic tool to assess the validity of 
using this method to estimate K. Unfortunately, when 
the points are markedly non-linear it is not generally 
possible to identify a unique cause for this lack of linear- 
ity, nor to adjust the data in such a way as to make the 
use of this method of estimation possible. If, however, 
the deviation from approximate linearity is confined to 
points for the elderly, a straight line can be fitted exclud- 
ing the deviant points and therefore avoiding serious 
distortion. 

It is important to notice that the relationship 
expressed by equation (C.4) allows the estimation both 
of K, the adjustment factor for registered deaths, and of 
r ,  the growth rate of the population. This estimate of r 
is not robust to deviations from the hypotheses under 
which equation (C.4) was derived, and the user should 
not regard it as necessarily sound. However, the esti- 
mate of r may be compared with estimates obtained 
from other sources, and reasonable agreement may be 
interpreted as some confirmation that the assumptions 
being made are justified. 

When a solid, independent estimate of r is available 
for a stable population where age-misreporting is not 
prevalent, equation (C.4) may be modified in the follow- 
ing way: 

where the adjustment factor K is no longer a constant, 
but is allowed to change with age. The assumption of 
equal underenumeration of deaths at all ages is, there- 
fore, being dropped; and, since r is assumed to be 
known, equation (C.5) can be rewritten in the following 
form to allow the estimation of an adjustment factor, 
K(x ), for each open-ended age group: 

Sadly, equation (C.6) can seldom be used in practice 
because it is uncommon to find cases of stable popula- 
tions where age-reporting is fairly accurate and where 
K(x) would therefore measure differential underregis- 
tration of deaths by age rather than differential age- 
misreporting. 

To conclude this discussion, some comments need to 
be made on the validity of estimates obtained by this 
method when the population being studied is not stable. 
A stable population is established when fertility and 
mortality have both remained constant for a fairly long 
period of time. In day ' s  world, few, if any, popula- 
tions are truly stable. In most cases, destabilization has 
been brought about by changes in mortality. Most 
human populations have seen their chances of survival 
improve during the past 40 years and cannot, therefore, 
be stable. However, simulation has shown that when 
stable populations are destabilized by prolonged mortal- 
ity changes that occur slowly, the bias introduced in the 
estimation of K by this lack of stability is relatively 



small! Only when abrupt changes occur does the bias 
become large.' Of course, these simulations have been 
camed out using data that, apart from representing a 
non-stable population, are otherwise perfect. It is possi- 
ble, therefore, that in reality even the biases introduced 
by rapid mortality changes may be small compared with 
those caused by the poor quality of the available data. 
However, it is important to remember that declining 
mortality usually biases the value of K upward, thus 
producing an underestimate of the completeness of 
death registration. Therefore, when this method is used 
to estimate completeness in a population where mortal- 
ity has been declining and where age is reported accv- 
rately, the death-rate estimate obtained may safely be 
interpreted as an upper bound for the true rate. 

The effect that changes in fertility have on the estima- 
tion of K has not been as extensively studied as the 
effects of changing mortality. The reason is that fertility 
changes have only ret,xntly become common in coun- 
tries with poor data; and because these changes affect 
mainly the youngest age groups, they have little impact 
on the performance of this method of estimation. 

2. aolrarequired 
The data required for this method are described 

below: 
(a) The number of deaths occurring during a period 

(normally one year) classified by age and sex (though 
classification by sex is not necessary). Five-year age 
groups are adequate. The last age group must be open- 
ended; that is, it must include all the deaths at or over 
same age A ; 

(b) The number of persons in each age group at the 
mid-point of the period being considered, classified by 
sex if the deaths are so classified. The age groups used 
must correspond to those used for deaths. The last age 
group must once again be open, including all the popu- 
lation aged A and over. 

3. Computational procedure 
Two variants of the Brass method have been pro- 

posed, the difference lying essentially in the way in 
which the left-hand side of equation (C.4) is evaluated. 
One procedure, and that originally proposed, is to 
attempt to estimate N(x), the number of persons reach- 
ing age x in a year, from the number of persons in the 
five-year age groups adjacent to x ; the second is to esti- 
mate N(x) for the mid-point of a five-year age group. 
The latter procedure is theoretically preferable, because 
the non-linearity of the age distribution is less marked 
over a five-year age span than over a 10-year span. 
However, for a population in which there is more than a 
trivial amount of age-heaping, the theoretical advantage 

' Hoda M. Roshad. "The estimation of adult mortalit from defec- 
tive registration'*. unpublished doctoral dissertation. bnirersity of 
London. 1978. 

Linda G. Martin. "A modification for use in destabilized popula- 
tions of Brads technique for estimatin com leteness of birth rrg~stra- 
tion". Popwtttion Studies, YO,. XXXJV. ko .  2 Luly 1980). pp. 381-395. 

of the second procedure is outweighed by the practical 
advantage of the first, that is, that the effects of heaping 
are reduced when N(x) is estimated from two adjacent 
five-year age groups, one of which is likely to be inflated 
(the one including an age ending in zero) and one of 
which is likely to be deflated. Numerous applications 
have shown that the first procedure yields results that are 
more easily interpreted. Hence, only this procedure to 
estimate N(x) is described here. The steps of the com- 
plete computational procedure are given below. 

Step I: the person-ys lived by the population subject 10 
the risk of cjmg. This step, which consists of adjusting 
the reported population to the mid-point of the period 
for which the death data are available, is exactly the 
same as step 2 of the Preston-Coale procedure, It need 
not, therefore, be repeated, especially since it can gen- 
erally be omitted, in accordance with the discussion 
under step 2 in subsection B.3. 

Step 2: calculation of population at an exact age. By 
definition, N(x) is the number of persons who reach age 
x during the course of the year under consideration. 
When the total population for the mid-year is classified 
by single year of age, N(x) can be estimated from the 
number of persons in the two contiguous age groups, 
Nx - 1 and , N, . Thus, if one lets Nx be the number of 

persons of age x enumerated by the census or survey, 

If the classification by age is made in five-year age 
groups and 5NX is the number of persons in the age 
group from x to x +4 at the time of the census or sur- 
vey, N (x ) can be estimated as 

In general, equation (C.8) is preferable because it con- 
tributes to the reduction of the effects of age-heaping. 

Step 3: calculation of population over an e m  age. I ne 
total number of persons aged x and over is denoted by 
N(x +). Thus, when the data are available for five-year 
age groups, 

where N(A +) represents the number of persons in the 
last, open-ended age interval. If the data arc available 
only by single year of age, then 

A - I  
N(x +)= 2 IN, +N(A +I- (C. 10) 

y =x 

Note that there is no advantage in calculating N(x +) 
from single-year rather than grouped data, unless the 
entire analysis is to be camed out by single years of age, 
a procedure that is likely to be excessively tedious and 
more unreliable when any degree of age-heaping is 
present. 



Step 4: calculation of number of deaths af t r  an exacl 
age. The calculation of the cumulated number of deaths 
from age x onward is very similar to that of N(x +). 
D(x +) is just the total number of deaths recorded as 
having occurred to persons aged x and over. Thus, if 
the deaths are classified by five-year age group, 

A -5 

N(x +)= 2 sD, +D(A +) (C. 1 1) 

where D(A +) denotes the deaths in the open-ended age 
interval A and over. If the data are only available by 
single year, or it is wished for some reason to carry out 
the analysis by single years of age, then 

A - 1  
D(x +)= I: lDy +D(A +)a (C. 12) 

y = x  

Step 5: points defined by partial death and birth rates. 
Using the quantities calculated in the previous steps, the 
calculation of the values D(x+)/N(x+) and 
N(x)lN(x +) is straightforward. Once calculated, they 
should be displayed graphically, plotting the values of 
D(x +)lN(x +) on the x-axis and those of 
N(x )/N(x +) on the y-axis. The same scale should be 
used on both axes. The plotted points should ideally 
follow a linear trend. If it is clear that the points do lie 
roughly on a straight line, the next step can be per- 
formed with some confidence. Otherwise, the use of this 
estimation method may have to be abandoned. 

Step 6: selection of a besrfiting line. There are several 
ways of fitting a straight line to a series of points. Prob- 
ably the most widely used method is that known by the 
name of "least-squares". The least-squares line is that 
which minimizes the sum of the squared distances 
between its points and the points to be approximated. 
In the sense that it approximates all these points as 
closely as possible, it provides a best fit. If the data 
points derived in step 5 were affected only by random 
errors, this line would certainly be that chosen to esti- 
mate the adjustment factor K. However, given the inac- 
curacies typically present in the data sets considered 
here, the use of other methods of fitting appears to be 
preferable. Two of the simplest are suggested below: 

(a) 'Ihe "mean" line. This line is defined by the 
means of the abscissae (horizontal axis values) and ordi- 
nates (vertical axis values) of the derived points when 
those points are divided, according to age, into two 
groups of approximately equal size. For example, if 15 
age groups are used, the values of D(x +)lN(x +) for 
the first eight values of x are averaged, as are the values 
for the last eight x values. (The middle point is included 
in both averages.) Similarly, mean values are obtained 
for the first eight and last eight values of N(x)lN(x +). 
The desired line is that which passes through the two 
points defined by the two pairs of mean co-ordinates. 
This line will not be as near as possible to all the points 
derived in step 5, but it will. closely approximate their 
general trend when this trend is linear. One possible 
disadvantage of this fitting procedure is that it gives 

qua1 weight to all the derived points. In practice, it is 
oftcn the case that one or two of these points (usually at 
the two extremes of the age range) depart markedly 
from the linear trend followed by the rest. In such cases, 
it may be better to ignore them altogether than to take 
them into account in selecting a representative straight 
line; 

(b) 77u ?&t"line. To deal with such cases as that 
described above, where linearity is apparent in the mid- 
dle of the age range but where distortions are present at 
the extremes, it is recommended that trimmed means be 
used in fitting the mean line, instead of using the usual 
means. The line fitted by using trimmed means is called 
a "robust" line because trimming makes the fit less sen- 
sitive to large deviations from .linearity at the extremes 
of the age range. Trimmed means are a generalization 
of the usual mean or average, which is calculated by giv- 
ing equal weight to each entry. When trimming is per- 
formed, the weights applied to different observations are 
not constant for all observations; the sum of weights 
times observations is standardized by dividing it by the 
sum of the weights used. The procedure for computing 
trimmed means is relatively simple and is fully described 
in the detailed examples. 

Step 7: @wtment of death rate. Once the straight line 
that best fits the points derived in step 5 is selected, the 
values of the adjustment factor, K, and of the growth 
rate, r ,  are given by its slope and y-intercept, respec- 
tively. The value of the completeness of death registra- 
tion, C, is just the reciprocal of K, that is, C = l.OIK, 
provided all the necessary data adjustments were carried 
out in step 1. If the value of r is plausible;, one can 
attach greater confidence to C, the estimate of com- 
pleteness. In such a case, an adjusted death rate can be 
obtained by multiplying the reported death rate by K. 
Note, however, that the trend of the points 
[N(x)/N(x +), D(x +)lN(x +)I is determined mainly 
by those corresponding to fairly advanced ages, so that 
effectively the level of completeness estimated refers 
only to adult deaths. Therefore, the value of K should 
be regarded as an adjustment factor only for the death 
rate over age 5 or 10, and may not be applicable to the 
death rate of the population as a whole. 

The value of K may also be used to adjust the derived 
age-specific death rates, ~m,. This procedure is valid 
only if the assumption of constant completeness of death 
registration by age holds true. The adjusted ex values 
can then be used, together with independent estimates of 
child mortality (see chapter 111), to construct a life table 
for the population considered. In practice, this life table 
is seldom constructed directly from the adjusted ~m, 
values since age-misreporting makes them too unreli- 
able; however, they can be used as a basis for fitting a 
mortality model from which the final life table will be 
derived. For further details of this procedure, see 
chapter VI. 

4. First detailed example 
In this example, the case of the female population of 

El Salvador in 1961 is again analysed. The n u h W  of 



female deaths and women classified by age have already 
been presented in table 124 in the previous detailed 
example. Step 1 is omitted here, as adjustment for the 
census date is not necessary at this point. 

Step 2: calculation ofpopuIation af an exat age. The 
value of N(x), the number of persons of exact age x ,  is 
obtained by adding the number of persons in two con- 
tiguous age groups and dividing by the number of years 
spanned by those age groups (usually 10). In this case, 
N(10), for example, is obtained as follows: 

Column (2) of table 129 shows the values obtained for 
all values of x up to 70; no value can be computed for 
75, because the open age interval begins at that age. 

TABLE 129. ELEMENTS NEEDED TO ESTIMATE COMPLETENESS OF DEATH 
REG~STRATION AMONG ADULT FEMALES. EL SALVADOR. 196 1 

Step 3: calculation oj'ppulation over an exact age. The 
number of persons aged x and over, denoted by N(x +), 
is computed by cumulating the numbers reported in 
each age group (shown in table 124) from that beginning 
with age x upward. For example, N(50+) is 

All values of N(x +) are given in column (3) of table 
129. Note that in practice one calculates N(x +) by 
cumulatine. downward, each time adding the population 

of persons whose age was recorded as unknown is 
ignored. Since these numbers are generally small, seri- 
ous biases are not likely to be introduced by disregard- 
ing them. 

Step 5: pints dejhd by partial birth and death rafes. 
Using the values obtained in the previous steps, the 
ratios D(x +)/N(x +)and N(x)/N(x +)are calculated. 
Their values are shown in table 130. The calculation of 
the partial birth rate, N(x)/N(x +), involves simply 
dividing the entries listed in column (2) of table 129 by 
the corresponding enwies in column (3) of the same 
table. For example, 

Similarly, the calculation of the partial death rate, 
D(x +)/N(x +), involves the division of the entries in 
column (4) by those in column (3) of table 129. Thus, . 
for example, 

Table 130 gives results for other ages and figure 14 
shows a plot of the points. Note that the values of 
D(x +)/N(x +) are plotted on the x-axis (abscissa), 
while those of N(x )/N(x +) appear on the y-axis (ordi- 
nate). The same scale has been used to plot both values. 
The use of equal scales for both axes aids in the assess- 
ment of linearity of the plotted points. 

TABLE 130. PARTIAL DEATH AND BIRTH RATES FOR FEMALES, 
EL SALVADOR. 196 1 

of one mGre five-year age group to R((x $5)+), so 
N(50+)= N(55 +)+5Nm, for example. It is important at this point to examine figure 14 with 

some care. Ideally, as explained in the general introduc- 
4: cmlelation ?f nunbn of *atIrs @er an tion to this method, the points should lie approximately 

age. The calculation of D(x +) is on a straight line. Deviations from linearity are, how- 
that of N(x +). Thus, for example, D(50+) is ever, inevitably present in empirical data. The mssible 

causes of such-deviations are varied and the invistigator 
should consider all the relevant ones. In'  the case of - - - -- - - - - - - - - 

504 + 1,360) = 3,732 females in El Salvador in 1961, the points show a 
definite linear trend, though the last point (for age 70) 

w h e ~  the deaths reported in each age group have been deviates markedly from the linear trend suggested by the 
taken from table 124. Also, it is important to point out others. As for the strange pattern displayed by the first 
that to calculate both N(x +) and D(x +), the number three points, it is frequently encountered in empirical 



data and is associated with distortions of the values of 
N(x ) brought about by age-misreporting. 

Examination reveals that the data at hand are far 
from perfect. Aside from the possible lack of stability of 
the population being analysed, errors in age-reporting 
are undoubtedly present. Yet, the relative linearity of 
the central segment of the plotted points still warrants an 
attempt to obtain a rough estimate of the completeness 
of death registration. This parameter is calculated in the 
next step. 

14. Plot of partial btrth rates, N(x) /N(x  +), against partial 
death rates, D(x + ) / N ( x  +),for females, El Salvador, 1961 

TABLE 13 1. FITTING OF A STMIGHT LINE BY GROUP MEANS, 
FEMALES, EL SALVAWR. 1961 

Once the means of each group have been computed, 
the slope of the fitted line is calculated according to the 
equation 

Step 6: seicction of a best firring line. An examination 
of the points shown in figure 14 suggests that all of them, 
except the last two (those for age 65 and over and age 70 
and over), lie around an approximate straight line. A 
straight line is therefore fitted to the remaining 12 points, 
from ages 5 to 60. The points are divided into two 
equally sized groups, one comprising points for ages 
ranging from 5 to 30, the other from 35 to 60. The mean 
abscissa and ordinate values for each group are calcu- 
lated by summing the observations for each group and 
dividing the sum by the number of observations in each 
group. Thus, the mean of the first group of partial death 
rates D(x +)IN(% +), denoted by XI, is 

The value of K implies that the completeness of death 
registration is C = I.O/K = 0.840, or 84 per cent, and 

The groups and their means are shown in table 13 1. 

0.02 

Note that this rate of growth is almost identical to that of 
0.0287 obtained in subsectioq B.4 from census data. 

Even though the estimate of K obtained above is 
probably the best possible, as an example another is 
computed by fitting a robust line. This exercise will 
serve to show that the use of trimmed means reduces the 
influence of extreme points on the estimated value of K. 

Table 132 illustrates the way in which trimmed means 
are computed. All the observations have been used, but 
three have been "trimmed" at each end of the age range. 
The weights associated with each observation are listed 
in column (2). Note that the data set has been divided 
into groups of equal size and that the weights are sym- 
metrical with respect to the centre. The line labelled 
"Weighted total" shows under column (2) the sum of the 
weights used, and under columns (3) and (4), the sum of 
the weighted observations. Thus, for example, 

taking into account the slight adjustment necessary for - the difference between the census date and the mid-year 
(see step 2 of pbsection B.4), the final estimate of com- 
pleteness is C = 0.840/ 1.0044 = 0.836. Once more, in 

I I I I I I this case the necessary adjustment is so small that for all 
o 0.02 0.04 0.06 0.08 0.10 0.12 practical purposes it can be ignored. 

wx + ) I N ~ X  +) From the estimate of K, the corresponding value of 
the growth rate r can be obtained as follows: 



and 

0.2320= (0.25X0.038 1) +(0.50)(0.039 1) +(0.75)(0.038 1) 

+0.0401+0.0426 +0.0434 +0.0482. 

TABLE 132. ES~IMATION OF AN ADJUSTMENT FACTOR. K. BY USE OF 
TRIMMED MEANS. FBMALFS, EL SALVADOR. 196 1 

5.. ............ 
10 .............. 
IS .............. 
20.. ............ 
25.. ............ 
30.. ............ 
35 .............. 
Weighted 
total .......... 
Weighted 
mean ........ 
40.. ............ 
45.. ............ 
50 .............. 

the means are obtained by dividing the sum of the 
weighted 0 b ~ e ~ a t i o n ~  by the sum of the weights, that is, 
the totals under columns (3) and (4) by the total under 
column (2). For example, 

The X* and Y* values are the trimmed means of the 
grouped observations. From them, the calculation of 
estimates of K, C and r is straightforward: 

Note that the estimates obtained for each of .these 
three parameters by using trimmed means are very simi- 
lar to those obtained earlier using simple means. The 
rounded value of C* still implies that adult female death 
registration in El Salvador was only 83 per cent com- 
plete in 1961 (disregarding for the 5oment the adjust- 
ment for census date). The value of r is virtually identi- 
cal to r'. It is also interesting to recall that the use of the 
Preston-Coale procedure described in subsection B.3 led 
to an estimate of coverage of 0.825 using a 75 + open- 
ended interval and a growth rate estimate of 0.0287, 

55 .............. 1.00 0.0342 0.0662 again disregarding the adjustment for census date (see 
60.. ............ 0.75 0.0413 
65.. ............ 0.50 0.0546 

0-0774 step 4 of subsection B.4). The similarity of these esti- 
0.1044 

70.. ............ 0.25 0.0680 0.09ss mates is reassuring. 
Weighted Step 7: @wtment of &h rate. To obtain an adjusted 
total .......... 5.50 0.1778 0.3732 death rate or adjusted age-specific mortality rates, one 
Weighted simply multiplies the observed rates by K or by K*. 
mean ........ X2* = 0.0323 Y2* = 0.0679 Because the trimmed-mean estimate is somewhat more 

robust, it has been preferred. For example, for the death 
rate over age 5, 

The "totals" for the second group are obtained in 
exactly the same way. Once these totals are computed, d(5 +)= K*[D(5 +)lN(S +)I = 1.201(0.0064)= 0.0077. 

TABLE 133. VALUES OF POPULATION AT DIFFERENT AGES. REPORTED DEATHS AND PARTIAL BIRTH 
AND DEATH RATES FOR MALES. ANDRA PRADESH STATE. INDIA. 1970-197 1 

Ymrn =rn %z7 rmw pmrd 

t IT; d o r r  - W x  Mnh rcur dmlh me 
Wx+) Wx+) NWINfx+) lyx+)/N(x+) 

(1) (4 (3) (4) (5) (6) 

5.. ............ 569.3 17 1 1 1  187.10 0.0333 0.0 109 
10 .............. 524.5 14 307 173.22 0.0367 0.0121 
I5 .............. 432.0 1 1  866 167.97 0.0364 0.0 142 

............ 20.. 334.2 9 987 163.50 0.0335 0.0 164 
'25 .............. 286.7 8 524 157.79 0.0336 0.0185 
30. ............. 275.9 7 120 148.72 0.0388 0.0209 
35 .............. 260.2 5 765 142.96 0.045 1 0.0248 
40.. ............ 244.6 4518 134.61 0.054 1 0.0298 
45 .............. 2 12.4 3319 122.32 0.0640 0.0369 
50.. ............ 177.3 2 394 110.38 0.074 1 0.046 1 
55 .............. 133.3 1 546 90.59 0.0862 0.0586 
60.. ............ 99.0 1061 76.36 0.0933 0.0720 
65.. ............ 75.9 556 53.69 0.1365 0.0966 



5. Sclcostd&tailade~e 
Andm Radesh provides an intensting example of 

what happens to the application of the Brass growth bal- 
ance method when age is poorly reported. The basic 
data have already been presented in table 127. The 
values of N(x), N(x +), D(x +), N(x)/N(x +) and 
D(x +)lN(x +) are shown in table 133. The values of 
N ( x ) l N ( x  +) and D(x + ) / N ( x  +) are plotted in figure 
15. 

The first five points are a trendless jumble, but the 

1 1 1 1 1 I 
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points from age 30 upward follow something like a 
straight line, although if the last point were excluded, 
the points for 30-60 would look as if they were following 
a curve. A straight line can be fitted to the points from 
30 on; the'line, fitted by group means, has a slope of 
1.169 and an intercept of 0.0177, indicating that adult 
deaths were underreported by nearly 14 per cent. How- 
ever, such a line is strongly affected by the last point and 
also by the exclusion of the first five points; it might, 
therefore, represent a case where trimming would be 
very effective. Following the previous example, using 
all available points, but weighting the first and last by 
0.25, the second and second from last by 0.50, and the 
third and third from last by 0.75, gives a rather different 
straight line with a slope of 1.257 and an intercept of 
0.0144; thus, the robust line indicates a rather lower 
growth rate and a level of omission of some 20 per cent. 

Of the two, the robust line should probably be pre- 
ferred, but not a great deal of confidence can be 
attached to the results of this method when the derived 
points do not approximate a straight line. One feature 
that is not prominent in figure 15 is evidence of exag- 
geration of age at death; such exaggeration should lead 
to a tendency for the plotted points to curve off to the 
right, because the partial death rates over each age 
would increase more rapidly than the partial birth rates. 
The points from 30 to 60 do show something akin to 
such a pattern, but the point for age 65 and over fails to 
confirm the continuation of the pattern to higher ages. 
In general, exaggeration of age at death is likely to result 
in overestimates of completeness, since the points for 
higher ages would tend to pull the slope down. 

In conclusion, it is difficult to interpret the results of 
applying the Brass method in this case. It may be men- 
tioned in passing that in this application, the results of 
the Brass method are rather different from the ones 
obtained by applying the Preston-Coale method, which 
in subsection B.5 gave an estimate of coverage of nearly 
90 per cent and a growth rate of 0.0183. Thus, this 
example should be taken as a warning against the 
mechanical application of any method. In applying the 
Brass procedure, careful examination of the behaviour 
of the plotted points is essential. 




