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Death distribution methods for estimating adult mortality: 
Sensitivity analysis with simulated data errors 

Kenneth Hill1 

Danzhen You2 

Yoonjoung Choi3

Abstract  

The General Growth Balance (GGB) and Synthetic Extinct Generations (SEG) methods 
have been widely used to evaluate the coverage of registered deaths in developing 
countries. However, relatively little is known about how the methods behave in the 
presence of different data errors. This paper applies the methods (both singly and in 
combination) using non-stable populations of known mortality to which various data 
distortions in a variety of combinations have been applied. Results show that the 
methods work very well when the only errors in the data are those for which the methods 
were developed. For other types of error, performance is more variable, but on average, 
adjusted mortality estimates using the methods are closer to the true values than the 
unadjusted. The methods do surprisingly well in the presence of typical patterns of age 
misreporting, though GGB is more sensitive to coverage errors that change with age. 
The Basic SEG method (that is, making no adjustments for possible change in census 
coverage) is very sensitive to such coverage change, but the Extended SEG method (that 
is, adjusting census coverage to obtain a set of completeness estimates that show no 
trend with age) is little affected. Fitting to the age range 5+ to 65+ is clearly preferable to 
fitting to 15+ to 55+. Both GGB and SEG are very sensitive to net migration, which is an 
Achilles heel for all of the methodologies in this paper. In populations not greatly 
affected by migration, our results suggest that an optimal strategy would be to apply 
GGB to estimate census coverage change, adjust for it and then apply SEG; in 
populations affected by migration, applying both GGB and SEG, fitting both to the age 
range 30+ to 65+, and averaging the results appears best. 
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1. Introduction  

The study of adult mortality in less developed countries is problematic due to data 
quality issues. Incomplete vital registration, inaccurate censuses, and misreporting of age 
at death or age of the living are among the problems often encountered by researchers 
wishing to use these data-sets (United Nations 1983, 2002; Bhat 1990). Considerable 
ingenuity has been shown in the development of methods to estimate adult mortality 
despite these data challenges. There are three broad groups of methods for evaluating 
data quality or otherwise estimating adult mortality: (1) death distribution methods that 
assess the completeness of death recording relative to census recording, (2) methods 
based on intercensal survival, and (3) methods that convert indicators of mortality levels 
based on survival of close relatives into standard life table functions.  

Where the necessary data exist, death distribution methods are the method of choice 
because they provide age-period specific estimates of mortality rates (Hill 2001). These 
methods compare the distribution of deaths by age with the age distribution of the living 
and provide the age pattern of mortality in a defined reference period. Standard methods 
require two population censuses (or large sample surveys) to provide age distributions of 
the living and the changes of such distributions over time, plus information to calculate 
an age pattern of deaths for the intercensal period. If the completeness of death recording 
relative to population recording can be estimated, and there are no other data errors, any 
differential in completeness can be adjusted for, and unbiased death rates and standard 
life table functions calculated. However, the methods require numerous assumptions 
about the population they are applied to and about the nature of typical data errors. 
Standard methods assume the population to experience no net migration. Strong 
simplifying assumptions are made about data errors: no age misreporting (of either 
population or deaths), proportionately constant omission of deaths by age (an assumption 
that also implies no selectivity bias in deaths that are reported) and that any change in 
census coverage has been proportionately constant by age.  

Little is known about how the methods are affected by errors that do not match 
these assumptions. The purpose of this paper is to explore the sensitivity of the methods 
to deviations from these assumptions through application to data sets that include known 
errors. The paper builds on earlier research by Hill and Choi (2004) and Dorrington, 
Timæus, and Moultrie (2008). 

 
 

2. Death distribution methods  

The distribution of deaths by age and the distribution of the population by age are linked 
via growth rates in various identities that provide a basis for consistency checks. There 
are two major approaches - (1) the General Growth Balance (GGB) method and (2) the 
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Synthetic Extinct Generations (SEG) method. These methods are briefly reviewed 
below.  

We do not explicitly examine the performance of a “short cut” method proposed by 
Preston and Lahiri (1991), though some trial analyses suggest this method will be 
affected by errors in much the same way as the basic SEG method.  

 
 

2.1 The General Growth Balance Method  

Brass (1975) first proposed the Growth Balance method, deriving from stable population 
equations the intuitively-necessary relationship that, for any open-ended age segment a+ 
of a closed population, the entry rate into the segment (b(a+)) is equal to the growth rate 
of the segment (r(a+)) plus the exit (death) rate (d(a+)) of the segment. The corollary for 
the whole (closed) population is of course that the growth rate is equal to the birth rate 
minus the death rate. Thus 

 
  or ( ) ( ) ( )+++=+ adarab
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In a stable population, the growth rate is constant for all segments, so the entry rates 

and the death rates must be linearly related. If we write N(a) and N(a+) for the number 
of entries (that is, birthdays at age a) into, and the population of, the age group a and 
over respectively, r as the stable population growth rate, and D(a+) as the deaths at ages 
a and over,  
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If the entry rate is calculated from a population age distribution alone using fairly 

simple approaches such as obtaining N(a) as one-fifth of the average of the five-year 
populations under and over age a, any population coverage error that is invariant with 
age cancels out, whereas the death rate, calculated from both deaths by age and 
population by age, will be affected by any differential coverage between population and 
deaths. The slope of the line relating the entry rate to the exit rate will estimate the 
completeness of population recording relative to death recording and provide a potential 
adjustment factor for the deaths. 
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where superscript o refers to observed values, No(a)/No(a+) is the entry rate, 
Do(a+)/No(a+) is the observed death rate, r is the stable population growth rate, and c is 
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the completeness of death recording relative to population recording (assumed constant 
by age).  

This simple method can be generalized for non-stable populations when two or 
more census enumerations are available (Hill 1987). The growth rate of each segment 
can then be calculated from the census counts, and the assumption of stability is no 
longer needed. The relationship of the entry rate minus the growth rate to the death rate 
estimates (1) an intercept that captures any age-invariant change in census coverage 
between the two censuses and (2) a slope that estimates the coverage of death recording 
relative to an average of the coverage of the two censuses. 
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where ro(a+) is the observed growth rate of the population a and over, and k is the error 
in the growth rate (assumed constant across ages), arising, for instance, from a 
systematic change in census coverage between the first and the second census. 

The method requires three major assumptions: (1) a closed population, (2) invariant 
coverage of population and deaths by age within but not across sources, and (3) accurate 
recording of age for both population and deaths. 

 
 

2.2 The Synthetic Extinct Generations Method  

The Synthetic Extinct Generation method (Bennett and Horiuchi 1981, 1984) is based on 
the insight of Vincent (1951) that, in a closed population with perfect recording of 
deaths, the population age a at time t could be estimated by accumulating the deaths to 
that cohort after time t until the cohort was extinct. This is equivalent to the life table 
relationship that 

 

        (5) 

 
Thus in a stationary population, period deaths above age a are equal to the population of 
exact age a. Bennett and Horiuchi generalized the method to non-stable closed 
populations by using age-specific growth rates. The population at age a can be estimated 
from the period deaths at all ages x above that age a by applying exponentiated summed 
age-specific growth rates from a to x to allow for the demographic history of the 
population:  
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The ratio of the population age a estimated in this way from the deaths to the 

observed population age a estimates the completeness of death recording (assumed 
constant at all ages) relative to census coverage: 
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where c)  is the estimated coverage of deaths above age a relative to population and 

)(aN
)

 is the estimated population aged a derived from deaths and growth rates above age 
a. In its basic form, the SEG method adds an additional assumption -- invariant coverage 
of population across time -- to the three assumptions required in the General Growth 
Balance method: (1) a closed population, (2) invariant coverage of population and deaths 
by age, and (3) accurate recording of age for both population and deaths. However, 
Bennett and Horiuchi (1981) suggest that the problem of change in census coverage (and 
thus biased growth rates at all ages) can be addressed by iteratively adjusting one census 
count or the other by a constant factor until the plot of completeness estimates c(a) is as 
horizontal across some age range as possible; we refer to this as the “extended SEG” 
method. The problem can also be addressed by combining the SEG method with the 
GGB: first estimating change in census coverage using GGB, then adjusting the census 
data for the estimated coverage change, and then applying the SEG method; we refer to 
this as the “combined GGB-SEG” approach.  

 
 

3. Implementation  

Both GGB and SEG require simplifying assumptions when working with discrete data, 
broad age groups and non-instantaneous transition rates. GGB needs estimates of No(a), 
No(a+), ro (a+) and Do(a+), which are estimated from successive census counts N1 and 
N2 separated by t years and annual counts of deaths by age as follows: 
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SEG needs estimates of No (a) (for which equation 8a is used) and a way of 
approximating the integral of the growth rate for five year age groups. The simplifying 
approach used is  

 

      (8e) 

 
For the open interval a+, factors proposed by Bennett and Horiuchi (1981) are used. 

In practice, points for GGB do not lie on a perfect straight line, and SEG estimates 
of coverage are not constant across ages, so fitting procedures or averaging is required. 
Two fitting age ranges were tested: 15+ to 55+ and 5+ to 65+. We avoided using ranges 
starting or terminating in ages ending in zero because of the expectation that digital 
preference for such ages would distort results more than for ages ending in five. We 
chose the age range 15+ to 55+ because it approximates the age range of our main 
summary index of adult mortality, the probability of dying between the ages of 15 and 
60 (45q15), without using the age point 60+ which can be expected to be distorted by 
major digital preference for age 60; it has also been argued that there is relatively little 
age displacement across age 15 (United Nations 1983). We chose the age range 5+ to 
65+ because it covers late child and most adult experience. We do not use terminal ages 
above 65 because of the expectation that age misreporting will be a more serious 
problem at older ages, an expectation confirmed by some trials with the simulated data 
sets up to 75+.  

The intercept and slope of the GGB method were obtained by orthogonal regression 
to points in the selected age ranges. The coverage estimate c of deaths for both the basic 
and the extended SEG methods was obtained by averaging the estimates c(a) for the 
required age range; for the extended SEG method, a census coverage adjustment was 
found by iteratively adjusting coverage of the first census (relative to the second) until 
the regression line for c(a) on a had a slope of zero for the range of a in question. Finally 
the two step GGB-SEG procedure was applied by using the GGB intercept estimate to 
adjust the data for the estimated census coverage change and then applying the SEG 
approach. 
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4. Simulations  

In order to test the effects of deviations from the idealized assumptions imposed by the 
death distribution methods, we start with an initial non-stable population and a set of 
known rates of fertility and mortality, and project the population for a simulated 
intercensal interval of five years. Two population scenarios are built by using different 
initial populations and rates: population A starts with a young non-stable population and 
projects forward in terms of a given age-specific fertility schedule (Total Fertility Rate 
of 5.0) and the level 15 mortality schedule of Coale-Demeny’s (1983) West female 
model life table (e(0) 55 years, 45q15 of 0.309, 25q60 of 0.860) to get the population after 
five years; population B starts with the population of the developing world in 1995 
according to the United Nations (2005) World Population Prospects 2004 Revision, and 
is projected for five years using the estimated fertility schedule for developing countries 
in 1995-2000 and the level 19 mortality schedule of Coale-Demeny’s (1983) West 
female model life table (e(0) of 65 years, 45q15 of 0.204, 25q60 of 0.810). 

The performance of the death distribution methods when data are not perfect or 
their assumptions are not met is tested by building two error sets (error set I and II) with 
6 data-error categories into each projected population, with a design that the data errors 
in error set I are larger than those in error set II (Table 1). In error set I, we set up a 4% 
increase in census coverage of the population from the first to the second census; deaths 
were affected by a 30% omission; age misreporting in population and/or in deaths 
derived from a matrix of transfers between 5-year age groups for Nigeria in 1969 
estimated by Caldwell and Igun (1971); age-varying census coverage based on net-
undercount of the male African American population in the 1980 U.S. census estimated 
by Preston et al. (1998); age-varying coverage of death was assumed as a linear increase 
or decrease over age; and emigration or immigration was based on an age pattern of net 
migration to Beijing during the 1990s approximating a net migration rate of about 8 per 
1,000 population. In error set II, we use a 2% change of census coverage, a 20% death 
omission, age misreporting in population and/or in deaths derived from an age 
misreporting matrix for India estimated by Bhat (1990); a linearly increasing or 
decreasing coverage of deaths with age but with slopes smaller than those in error set I, 
and an age pattern of migration to the U.S. of Mexicans in 1980-1990 approximating a 
net migration rate of 2 per 1,000.  
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Table 1:  Error sets  
Data Error Category Error set I Error set II 
Census coverage 

change 
4% 2% 

Death omission 30% 20% 
Age misreporting Age misreporting matrix for India 

1971-1981 estimated by Bhat 
(1990) 

Age misreporting matrix for Nigeria 
in 1969 estimated by Caldwell and 
Igun (1971) 

Age varying coverage 
of census 

Age varying coverage for male 
African American population in 
U.S. 1980 census estimated by 
Preston et al. (1998);average 
absolute proportionate error 0.076 

Age varying coverage in India in 
1981 census estimated by Bhat 
(1990); average absolute 
proportionate error 0.026 

Age varying coverage 
of death 

Linear decreasing or increasing Linear with slopes lower than those 
in error set I 

Emigration or 
Immigration 

Age pattern of net migration of 
Beijing during 1990s (net 
migration rate around 0.8%) 

Age pattern of in-migration to U.S. 
of Mexican 1980-1990 (net 
migration rate around 0.2%) 

 
 
Rather than test all possible combinations of error categories, we carried out 

simulations for each error category individually (with all other data correct) in order to 
identify the effect of a particular error on its own, and then combined error categories in 
groups based on expectations of how data errors would occur in practice. The result was 
a total of 24 selected data error patterns built into each of the two error sets (Table 2). 
Notice that error types 1, 2 and 3 do not violate the underlying assumptions of the GGB 
and extended SEG methods, and error type 2 does not violate the assumptions of the 
basic SEG method. Across both error sets, a total of 96 error simulations were 
conducted. In addition there is also one test with no error for each projected population 
(essentially testing the simplifying assumptions required for implementation), for a total 
of 98 simulations. 

For each simulation, both the GGB and the SEG methods were applied. As a 
summary measure, both unadjusted and adjusted probabilities of dying between 15 and 
60 years of age (45q15) were estimated for each case to represent adult mortality, and 
probabilities of dying between 60 and 85 years of age (25q60) were estimated to measure 
mortality of the elderly. 
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Table 2:  Error types 

Age misreporting 
Age varying coverage  

for death 
Migration 

 
Error 
Type 

Census Deaths 

Coverage change 
of census2 
compared to 
census 1 

Age 
varying 
coverage 
for census 

Increasing 
with age 

Decreasing 
with age 

Deaths 
omission 

Emigration Immigration 

1   X       
2       X   
3   X    X   
4 X         
5  X        
6 X X        
7    X      
8     X  X   
9      X X   
10 X   X      
11   X X      
12 X X X       
13 X X     X   
14 X X X    X   
15        X  
16   X     X  
17       X X  
18 X  X     X  
19 X X X    X X  
20         X 
21   X      X 
22       X  X 
23 X  X      X 
24 X X X    X  X 
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5. Results  

Results indicate that errors were little affected by the initial population age distribution, 
and also varied relatively little by error model (though errors were quantitatively larger 
for error set 1 than for error set 2, they were not qualitatively different). To simplify, we 
therefore present (for each error type) the average percentage error across population 
type and error set for each of the four methods and each of the age ranges used for final 
estimation. Table 3 shows by scenario the errors in 45q15, and Table 4 the errors in 25q60. 
Three summary measures across scenarios are presented: the median error, the mean 
error and the root mean square error. The median and mean indicate potential bias, with 
the mean giving more emphasis to outliers, whereas the root mean square error indicates 
the magnitude of error regardless of direction. 

The good news is that all the methods work well for the data problems they were 
designed for. For no error and error types 1 to 3 (omission of deaths, changes in census 
coverage, all proportionately equal) the errors in both 45q15 and 25q60 are all less than ± 1 
percent for GGB, Combined GGB-SEG and Extended SEG methods, though the Basic 
SEG method is affected by large errors when census coverage changes. Further good 
news is that error types 4 to 6 (age misreporting in population or deaths) also give rise to 
quite small net errors in 45q15, generally less than ± 2.5%, though the errors in 25q60 are 
greater for errors 4 and 6. The methods fitted to the age range 5+ to 65+ also cope well 
with error 7, age-varying census coverage, though fitting to the age range 15+ to 55+ 
does much less well (because the census coverage model concentrates errors among 
young adults). The same is true of the composite error types 10 through 14: with the 
exception of the Basic SEG method, which is thrown off by all the combinations 
including change in census coverage, all the methods using points for 5+ to 65+ give rise 
to errors in 45q15 of less than ± 3%, though the errors in 25q60, mostly negative, range up 
to 8%.  

The bad news is that all the methods give rise to double digit percentage errors in 
45q15 (but only small errors in 25q60) when completeness of death recording increases or 
decreases with age (error types 8 and 9), and all except the Basic SEG give rise to double 
digit percentage errors in 45q15 for all the scenarios including immigration or emigration 
(error types 15 to 24). Errors average close to ± 20% for the age range 5+ to 65+, and are 
close to 25% for GGB fitted to the age range 15+ to 55+, though the errors are smaller in 
absolute terms for 25q60. The Basic SEG method does well in the scenarios combining 
emigration with increasing census coverage (Error types 16, 18 and 19), because of 
errors canceling out, and would no doubt also do well in scenarios combining 
immigration and declining census coverage, though we did not examine such scenarios.  
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Table 3: Average percentage errors in 45q15 by method, error type and fitting 
range  

Error Type* Fitting to Age Range 15+ to 55+ 

 Observed Adjusted 

  
 
GGB 

 
Basic SEG  

Combined  
GGB-SEG 

Extended SEG 

No Error 0.0 -0.3 0.0 -0.3 -0.2 
Error 1 1.3 -0.3 -17.8 -0.3 -0.4 
Error 2 -22.3 -0.3 0.1 -0.3 0.1 
Error 3 -21.3 -0.3 -17.8 -0.3 -0.2 
Error 4 2.6 -0.9 2.1 1.7 2.1 
Error 5 0.8 2.3 0.1 0.7 0.3 
Error 6 3.0 1.5 2.1 2.5 2.4 
Error 7 6.2 -10.8 0.2 -5.6 -5.5 
Error 8 -18.1 -14.4 -12.1 -15.2 -15.1 
Error 9 -26.7 23.4 19.0 25.0 25.4 
Error 10 8.7 -9.3 2.4 -2.7 -2.7 
Error 11 7.7 -9.6 -18.5 -4.8 -4.9 
Error 12 4.3 1.5 -16.4 2.5 2.3 
Error 13 -20.0 1.5 2.1 2.5 2.3 
Error 14 -18.9 1.5 -16.4 2.5 2.2 
Error 15 0.0 -24.5 12.5 -18.3 -21.9 
Error 16 1.3 -24.5 -6.3 -18.3 -21.8 
Error 17 -22.3 -24.5 14.0 -18.3 -20.6 
Error 18 3.9 -25.3 -4.0 -16.5 -19.2 
Error 19 -18.9 -23.7 -4.2 -16.5 -19.8 
Error 20 0.0 26.3 -12.3 23.8 24.3 
Error 21 1.3 26.3 -28.6 23.8 24.0 
Error 22 -22.3 26.3 -12.3 23.8 24.3 
Error 23 3.9 25.2 -27.1 25.3 25.9 
Error 24 -18.9 28.3 -27.8 27.1 27.3 

Median 0.0 -0.3 -4.2 -0.3 0.1 
Mean -6.6 -0.2 -6.7 1.8 1.2 
RMSE 0.141 0.200 0.150 0.169 0.181 
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Table 3: (Continued)  

Error Type* Fitting to Age Range 5+ to 65+ 

 Observed Adjusted 

  GGB Basic SEG  
Combined  
GGB-SEG Extended SEG  

No Error 0.0 -1.0 0.0 -0.8 -0.7 
Error 1 1.3 -1.0 -18.2 -0.8 -0.7 
Error 2 -22.3 -1.0 0.0 -0.8 -0.5 
Error 3 -21.3 -1.0 -18.2 -0.8 -0.6 
Error 4 2.6 -1.7 2.6 0.9 0.6 
Error 5 0.8 2.9 0.1 0.9 0.1 
Error 6 3.0 1.6 2.6 2.3 1.2 
Error 7 6.2 0.4 0.9 1.3 -0.5 
Error 8 -18.1 -15.7 -12.2 -16.0 -15.7 
Error 9 -26.7 24.4 19.2 25.6 25.4 
Error 10 8.7 -0.4 3.6 3.0 1.1 
Error 11 7.7 1.4 -18.4 2.1 0.2 
Error 12 4.3 1.6 -16.2 2.3 1.1 
Error 13 -20.0 1.6 2.6 2.3 1.2 
Error 14 -18.9 1.6 -16.2 2.3 1.1 
Error 15 0.0 -16.8 14.9 -14.7 -19.4 
Error 16 1.3 -16.8 -3.9 -14.7 -19.2 
Error 17 -22.3 -16.8 16.4 -14.7 -18.0 
Error 18 3.9 -18.1 -1.2 -13.0 -17.3 
Error 19 -18.9 -15.5 -1.3 -12.6 -17.7 
Error 20 0.0 16.0 -15.2 16.0 18.7 
Error 21 1.3 16.0 -31.8 16.0 13.7 
Error 22 -22.3 16.0 -15.2 16.0 18.9 
Error 23 3.9 15.5 -29.6 17.6 19.3 
Error 24 -18.9 19.5 -30.4 20.0 20.9 

Median 0.0 0.4 -1.3 1.3 0.2 
Mean -6.6 0.5 -6.6 1.6 0.5 
RMSE 0.141 0.135 0.162 0.131 0.149 

 
* See Table 2 for descriptions. 
GGB: General Growth Balance; SEG: Synthetic Extinct Generations; RMSE: root mean square error. 
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Table 4: Average percentage errors in 25q60 by method, error type and fitting 
range 

Error Type*  Fitting to Age Range 15+ to 55+ 

 Observed Adjusted 

  GGB Basic SEG  
Combined  
GGB-SEG Extended SEG  

No Error 0.0 -0.1 0.0 -0.1 -0.1 
Error 1 0.6 -0.1 -9.2 -0.1 -0.2 
Error 2 -11.8 -0.1 0.0 -0.1 0.0 
Error 3 -11.2 -0.1 -9.2 -0.1 -0.1 
Error 4 -3.7 -5.5 -4.0 -4.2 -4.0 
Error 5 -1.4 -0.7 -1.7 -1.5 -1.7 
Error 6 -7.1 -8.1 -7.6 -7.4 -7.4 
Error 7 0.1 -8.8 -2.5 -5.6 -5.5 
Error 8 -2.0 0.0 1.1 -0.4 -0.4 
Error 9 -25.9 -0.3 -2.0 0.2 0.4 
Error 10 -3.7 -12.6 -6.5 -9.0 -9.2 
Error 11 0.6 -8.1 -12.7 -5.2 -5.3 
Error 12 -6.5 -8.1 -17.3 -7.4 -7.5 
Error 13 -19.5 -8.1 -7.6 -7.4 -7.5 
Error 14 -18.8 -8.1 -17.3 -7.4 -7.5 
Error 15 0.0 -13.8 4.9 -9.6 -12.0 
Error 16 0.6 -13.8 -3.0 -9.6 -12.0 
Error 17 -11.8 -13.8 4.8 -9.6 -11.9 
Error 18 -3.1 -19.1 -6.8 -13.7 -15.7 
Error 19 -18.8 -21.8 -10.6 -17.4 -19.6 
Error 20 0.0 8.8 -6.0 8.1 8.2 
Error 21 0.6 8.8 -16.3 8.1 8.1 
Error 22 -11.8 8.8 -6.0 8.1 8.2 
Error 23 -3.2 3.8 -20.7 4.1 4.5 
Error 24 -18.8 1.4 -24.7 1.3 1.4 
      
Median -3.7 -5.5 -6.5 -4.2 -4.0 
Mean -7.1 -4.8 -7.2 -3.4 -3.9 
RMSE 0.110 0.112 0.109 0.086 0.094 
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Table 4: (Continued)  

Error Type*  Fitting to Age Range 5+ to 65+ 

 Observed Adjusted 

  GGB Basic SEG  
Combined 
GGB-SEG Extended SEG  

No Error 0.0 -0.4 0.0 -0.3 -0.3 
Error 1 0.6 -0.4 -9.4 -0.3 -0.3 
Error 2 -11.8 -0.4 0.0 -0.3 -0.2 
Error 3 -11.2 -0.4 -9.4 -0.3 -0.3 
Error 4 -3.7 -5.7 -3.7 -4.5 -4.7 
Error 5 -1.4 -0.4 -1.7 -1.4 -1.7 
Error 6 -7.1 -7.7 -7.3 -7.4 -8.0 
Error 7 0.1 -2.5 -2.2 -2.1 -2.9 
Error 8 -2.0 -0.7 1.0 -0.8 -0.7 
Error 9 -25.9 0.0 -1.9 0.4 0.4 
Error 10 -3.7 -7.9 -6.0 -6.3 -7.2 
Error 11 0.6 -2.1 -12.6 -1.8 -2.6 
Error 12 -6.5 -7.7 -17.2 -7.4 -8.0 
Error 13 -19.5 -7.7 -7.3 -7.4 -7.9 
Error 14 -18.8 -7.7 -17.2 -7.4 -8.0 
Error 15 0.0 -8.7 5.7 -7.4 -10.4 
Error 16 0.6 -8.7 -1.8 -7.4 -10.3 
Error 17 -11.8 -8.7 5.6 -7.4 -10.3 
Error 18 -3.1 -14.9 -5.5 -11.9 -14.6 
Error 19 -18.8 -16.9 -9.2 -15.2 -18.3 
Error 20 0.0 5.9 -7.7 5.9 6.7 
Error 21 0.6 5.9 -18.7 5.9 5.2 
Error 22 -11.8 5.9 -7.7 5.9 6.7 
Error 23 -3.2 1.3 -22.7 2.1 2.6 
Error 24 -18.8 -0.6 -26.7 -0.5 -0.3 
       
Median -3.7 -2.1 -7.3 -1.8 -2.6 
Mean -7.1 -3.7 -7.3 -3.1 -3.8 
RMSE 0.110 0.076 0.115 0.068 0.083 

 
* See Table 2 for descriptions. 
GGB: General Growth Balance; SEG: Synthetic Extinct Generations; RMSE: root mean square error. 
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Median and mean error across all error types are small for 45q15 except for the Basic 
SEG, but this is small comfort in practice since a particular data set will rarely have just 
one set of problems; for 25q60 the medians and means are somewhat larger in absolute 
terms, tend to be negative, and are smaller (in absolute terms) when estimates are based 
on the age range 5+ to 65+ than 15+ to 55+. Of more interest for trying to choose 
between methods is the root mean square error (RMSE), calculated on the basis of 
individual results from both populations and error patterns rather than from the averages 
in the tables: except for Basic SEG, the RMSEs suggest that the fitting range 5+ to 65+ 
should be preferred over 15+ to 55+, and that the combined GGB-SEG approach has the 
lowest error, though only by a small margin. 

In summary, the methods work very well when their underlying assumptions are 
met, and quite well in the presence of typical patterns of age misreporting, either in the 
censuses or in deaths. None of the methods work well with death coverage that changes 
systematically with age, and all of them can produce seriously distorted estimates in the 
presence of migration (though Basic SEG can give reasonable estimates when migration 
and change in census coverage operate in different directions). Fitting to the age range 
5+ to 65+ is preferable to using the age range 15+ to 55+. Using the root mean square 
error as the criterion of performance, the GGB-SEG approach (for the fitting age range 
of 5+ to 65+) performs best overall for both 45q15 and 25q60 , although median and mean 
errors are smaller for the Extended SEG and the original GGB methods. 

 
 

6. Discussion  

The death distribution methods (Growth Balance and Synthetic Extinct Generations) 
developed to estimate the coverage of death recording have been widely used. However, 
there has been no systematic evaluation of how they respond to different types of error, 
and no consensus reached on which method should be preferred, what age range should 
be used for arriving at a final estimate, or how patterns in the diagnostic plots should be 
interpreted. The purpose of this paper has been to apply the methods to populations with 
known parameters on which a variety of simulated errors have been imposed, combined 
in various ways, to provide guidance in answering these questions.  

The results are reassuring in that the methods work very well when their 
assumptions are met, and also turn out to be quite robust to typical patterns of age 
misreporting. The results are disturbing, however, in that the methods generally work 
poorly when death coverage varies by age and when the population is affected by 
migration. If no information is available to guide the analyst, the strategy that appears 
best (in terms of minimizing RMSE) on the basis of the error patterns explored in this 
paper is to use the combined GGB-SEG approach, first applying GGB to estimate 
change in census coverage, adjusting for the estimated change, and then applying SEG, 
using the age range 5+ to 65+ for fitting purposes.  
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The conclusion above that the combined GGB-SEG approach is the safest choice in 
the absence of other information about errors disagrees with the conclusion of 
Dorrington et al. (2008), who find that a slightly different implementation of the 
Extended SEG method was closest to correct in 15 out of 23 of their scenarios; whereas 
the Combined GGB-SEG approach was closest in only five. Though it is not clear 
whether this difference arises from a difference in scenarios, a difference in or 
implementation of the Extended SEG approach, or from a different criterion; however, 
the last seems the most likely explanation. In our simulations, the Extended SEG is 
closest to the correct answer in 16 of 25 scenarios, whereas the Combined GGB-SEG 
approach is closest in only nine. The advantage of the Combined GGB-SEG approach in 
terms of RMSE indicates that its worst results are not quite as bad as those of the 
Extended SEG.  

 
 

6.1 Adjusting for migration  

Migration rates are typically highest for young adults, and drop sharply in middle age. 
Both the GGB and SEG methodologies use information on deaths by age above some 
age (or series of ages). One possible approach to limiting errors arising from net 
migration is therefore to use a high starting age, say 30 or 35, for the fitting range. Such 
an approach may reduce the effects of migration, but may also increase the effects of, for 
example, age misreporting that may get worse with increasing age. It is also interesting 
to note that the GGB and the Basic SEG methods are biased in different directions by 
migration, although the migration bias can be outweighed in the Basic SEG method by a 
quite small countervailing change in census coverage (see error scenarios 16, 18 and 19 
in Table 3). 

The GGB, combined GGB-SEG and Extended SEG methods underestimate 
coverage (overestimate adjusted mortality) in populations affected by immigration, 
whereas the basic SEG method does the reverse. 

Fitting to the age range 30+ to 65+ reduces the RMSE across all scenarios for both 
GGB and Basic SEG by about 40% ; the errors for the migration scenarios are in general 
reduced by two-thirds or so (results not shown). The general level of error increases 
slightly with the shorter range, but mostly in the 2% to 3 % range; an exception is for 
GGB in the presence of age-varying census coverage, for which the narrower age range 
gives much worse results. Fitting both GGB and Basic SEG to the age range 30+ to 65+ 
and then averaging the estimates results in the smallest RMSE across all error scenarios; 
the two largest absolute errors are an overestimate of 45q15 of 27% with omission of 
deaths but decreasing omission by age, and an underestimate of 16% with omission of 
deaths and increasing omission with age. The errors in the scenarios affected by 
migration are typically less than 10%. 
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7. Conclusion  

The application of death distribution methods to populations with simulated errors 
indicates that the methods are very effective at allowing for the errors for which they 
were designed, but can be very sensitive to errors for which they were not designed, 
particularly substantial migration and age-specific changes in propensities to report 
either deaths or population. 

In populations thought not to be affected by migration, the optimal strategy appears 
to be to apply the General Growth Balance method (fitting to the age range 5+ to 65+) to 
estimate census coverage change, adjust one or other of the two population age 
distributions for the estimated coverage change, and then apply the Synthetic Extinct 
Generations method to the adjusted data, also fitting to the age range 5+ to 65+. In 
populations thought to be experiencing substantial migration, applying either the GGB or 
SEG to the age range 30+ to 65+ reduces the effect of migration; applying both and 
averaging the results appears to give the smallest error, but this procedure seems very 
inelegant. 

It must be stressed that the simulations analyzed here cover only 98 possible error 
scenarios, and are unlikely to represent the true distribution of errors in world 
populations. The summary indicators should therefore only be regarded as a rough guide 
to how to proceed in the analysis of a real population, and should not be taken as 
indicative of the likely magnitude of errors in coverage estimates in actual applications. 

 
 

8. Acknowledgements  

The research underlying this paper was supported by a subcontract from grant 1 P01 
AG17625 to Harvard University from the National Institute of Aging, and by research 
infrastructure support to the Hopkins Population Center from grant P30 HD06268 from 
the National Institute of Child Health and Human Development.  

 



Hill, You & Choi: Death distribution methods for estimating adult mortality  

 http://www.demographic-research.org 252 

References  

Bennett, N.G. and Horiuchi, S. (1981). Estimating the Completeness of Death 
Registration in a Closed Population. Population Index 47(2): 202-221. 
doi:10.2307/2736447. 

Bennett, N.G. and Horiuchi, S. (1984). Mortality Estimation from Registered Deaths in 
Less Developed Countries. Demography 21(2): 217-233. doi:10.2307/2061041. 

Bhat, M. (1990). Estimating transition probabilities of age misstatement. Demography 
27: 149-163. doi:10.2307/2061559.  

Brass, W. (1975). Methods for Estimating Fertility and Mortality from Limited and 
Defective Data. Chapel Hill: International Program of Laboratories for Population 
Statistics. 

Caldwell, J.C. and Igun, A.A. (1971). An experiment with census-type age enumeration 
in Nigeria. Population Studies 25(2): 287-302. doi:10.2307/2173216. 

Coale, A.J. and Demeny, P. (1983). Regional Model Life Tables and Stable Populations. 
2nd Edition. New York: Academic Press. 

Dorrington, R., Timæus, I.M., and Moultrie, T.A. (2008). Death distribution methods for 
estimating adult mortality: Sensitivity analysis with simulated data errors, 
revisited. Extended abstract accessed online February 24, 2009. 
http://paa2008.princeton.edu/download.aspx?submissionId=81049. 

Hill, K. (1987). Estimating Census and Death Registration Completeness. Asian and 
Pacific Population Forum 1(3):8-13: 23-24. 

Hill, K. (2001). Methods for Measuring Adult Mortality in Developing Countries: A 
Comparative Review. Paper presented to the International Population Conference, 
Salvador, Brazil. 

Hill, K. and Choi, Y. (2004) Performance of GGB and SEG given various simulated 
data errors. Paper presented to workshop on “Adult Mortality in the Developing 
World: Methods and Measures”, Marconi Conference Center, Marin County, 
California, July 8-11, 2004. 

Preston, S.H. and Lahiri, S. (1991). A short-cut method for estimating death registration 
completeness in destabilized populations. Mathematical Population Studies  3(1): 
39-51. 

Preston, S.H., Elo, I.T., Foster, A., and Fu, H. (1998). Reconstructing the size of the 
African American Population by age and sex, 1930 - 1990. Demography 35(1): 1-
21. doi:10.2307/3004023. 

http://dx.doi.org/10.2307/2736447
http://dx.doi.org/10.2307/2061041
http://dx.doi.org/10.2307/2061559
http://dx.doi.org/10.2307/2173216
http://dx.doi.org/10.2307/3004023


Demographic Research: Volume 21, Article 9 

http://www.demographic-research.org 253

United Nations (1983). Manual X: Indirect Techniques for Demographic Estimation. 
ST/ESA/SER.A/81. Population Studies No. 81. Department of International 
Economic and Social Affairs. New York: United Nations. 

United Nations (2002). Methods for Estimating Adult Mortality. Department of 
Economic and Social Affairs, Population Division. ESA/P/WP.175.  

United Nations (2005). World Population Prospects: The 2004 Revision. Sales No. 
E.01.XIII.20. 

Vincent, P. (1951). La mortalité des vieillards. Population 6(2): 181-204. 



Hill, You & Choi: Death distribution methods for estimating adult mortality  

 http://www.demographic-research.org 254 

 

 


	Table of Contents
	21-9 text 976.pdf
	Abstract
	1. Introduction
	2. Death distribution methods
	2.1 The General Growth Balance Method
	2.2 The Synthetic Extinct Generations Method

	3. Implementation
	4. Simulations
	5. Results
	6. Discussion
	6.1 Adjusting for migration

	7. Conclusion
	8. Acknowledgements
	R



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


