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Correcting Census Age Uistribution 

I.· Introduction 

The age distribution of a population contains information important 

for many purposes: it provides the denominators for the calculation 

of age-specific rates, such as fertility, mortality and unemployment; 

it can form the basis for indirect measures of fertility and mortality; 

it is useful in itself for many planning purposes; it provides the 

baseline for demographic projections forward or back\'Jard; and so on. 

Age distributions are commonly obtained from census enumerations. 

Unfortunately, however, the age data from census enumerations are 

frequently distorted in several ways. First, the enumerations may 

cover a higher proportion of some age groups than others. For example, 

there may be a tendency to miss relatively many males in the 20-29 

age range since these are typically more mobile than the general 

population. Or there may be a tendency for respondents to omit 

young children in the household. These sources of bias I will call 

"age-specific differential undercount." The second source of bias is 

misreporting of age by (or for) people who are counted by the 

census. This comes about in t\'IO ways. First, "digital preference" 

leads people to give ages which end in 0 or 5. This affects single-year 

age distributions more strongly than grouped data but may remain a 

significant bias with 5- or even 10-year age groups. Second, there 

are broad tendencies to overstate or understate age, regardless 

of terminal digits. Examples are the elderly, who often overstate 

age, or women 30 to 3Y, who may tend to report ages in the 20-29 
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range. Patterns such as these are specific to culture, sta9e of 

development, and perhaps to quite specific administrative rules 

concerning eligibility for assistance, for example. (For a general 

discussion, see Doug E\-Jhank.} 

A variety of methods is available for dealing with these 

problems. Some of these are based on stable or quasi-stable 

population assumptions (see, for example, f·lanual IV of the United 

Nations). Others are based on the ratios of enumerated population 

at an age to moving averages of age group size centered on that 

age (see, for example, Coale and Zelnick, or Siegel and Shryock). 

An alternative approach \'las devcl oped by Oemeny and Shorter ( 1968). 

They proposed a method based on comparison of the age distributions of 

two successive censuses, when intercensal mortality is known in advance. 

They showed that under assumptions to be spelled out later, the 

pattern of age distortion could be uniquely derived, along with 

appropriate adjusu1ent coefficients. Subsequently, other demographers 

have proposed variations and refinements for this method. The current 

research project builds on this 1 ine of research, extending the 

basic Demeny-Shorter method in new directions. 

In particular, this project introduces and applies the following 

methods. First, the typical set of censuses has 5-year age groups 

but occurs at ten year intervals. Previously it was necessary to work 

with 10-year age groups in this instance; this project pt~esents a 

procedure for deriving adjustments for 5-year age groups under these 

circumstances. Second, the project develops procectures for estimating 

adjusted intercensal births, fertility, and deaths. These can be 
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compared \'lith figures from the vital registration system to estimate 

underregi strati on, or they can stand on their O\'m as estimates. lhi rd, 

and most innovative, this project has developed procedures for 

simultaneously estimating intercensal mortality and the census age 

adjustment coefficients, rather than estimating mortality separately 

as a preliminary step. Fourth, some more technical details are 

worked out: how to deal \'Jith intercensal net migration, how to deal 

with the open-ended age interval, and how to use registered deaths by 

age in place of an intercensal life ta~le. 

In addition to these methodological advances, a number of 

applications of the method were made to various populations: England 

and Wales, 1841-1931; France, 1876-1911; India, 1881-1961; Turkey, 

1935-1960. Some, but not all, of these are discussed in this report. 

The plan of this report is as follows. Following this introduction, 

the basic Uemeny-Shorter method is described non-technically, and 

subsequent refinements are discussed. Then the new methods developed 

by this project are discussed. Next, the empirical applications are 

described. Finally, conclusions and recommendations for further 

research are presented. Throughout, most technical details are 

relegated to the extensive set of appendices. 

I I. The Demeny-Shorter f'lethod 

Suppose we have two censuses ten years apart, each giving the 

enumerated population by 10-year age groups. 11 Census survival ratios .. 

can be calculated by dividing the number enumerated in a given age 

group at the second census by the numbers enumerated as ten years 
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younger at the first census. Such ratios should bear a close relation 

to life table survival rates. In actual practice, however, they 

frequently do not; rather they may fluctuate erratically from age 

group to age group, and may sometimes exceed unity. 

If we knew intercensal mortality, then we might be able to adjust 

the age group counts in such a way as to bring the census survival 

ratios of adjusted counts into conformity with the known 1 ife 

table survival rates. In fact, there is only one way to do this (up to 

a multipicative constant), and it is generated by the Uemeny-Shorter 

method. It proceeds as follows. 

Assume for the moment that the youngest age group, U-Y, is 

correctly enumerated. ~Je could then calculate the correct age group 

10-19 at the second census by using a known intercensal life table 

to survive the 0-9 age group through the 10 years. Then the ratio of 

the 11 Correct11 10-19 age group to the enumerated one would provide an 

adjustment coefficient for age group 10-19. This could be usect to 

calculate the "correct .. population aged 10-19 at the first census, 

by using it to adjust the enumerated number. The "correct .. age 

group 10-19 at the first census could then be survived to age 20-29 

at the second census, and the procedure continued in this way until 

all age-adjustment coefficients were calculated, conditional on the 

assumption that the first age group was correctly enumerated. It only 

would remain to nwltiply them by an appropriate constant, thereby 

removing the assumption of perfect enumeration of the first age group. 

This constant \'JOuld typically come from one of two places. It might 

come from a comparison of the number of intercensal births, survived 
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using the 1 i fe tab 1 e, \'lith the age group 0-9 at the second census. 

This;requires confidence in the registration system. ~lore typically, it 

would come from imposing the constraint that the sum of the adjusted 

age groups should equal the sum of the enumerated age groups, either 

for the first census, or the second, or their sum. Either way, this 

1 ast step yields a complete set of age adjustment coefficients. 

From this outline of the mechanics of the method, it is clear 

that a number of assumptions have been made implicitly or explicitly. 

These will now be listed and discussed. 

1. The intercensal 1 ife table is known. Occasionally such a 1 ife 

table will be available and be judged reliable. It must be recalled, 

however, that the denominators used to calculate the life tables were 

originally taken from the very censuses whose age groups are believed 

to require adjustment. This compounds any difficulties there may be 

with the numerators, due to incompleteness of death registration or age 

misreporting on death certificates. In most applications to historical 

populations or populations in developing countries, it will be preferable 

to estimate intercensal mortality from the census age distributions, 

using the technique described in Manual IV of the United Nations. This 

involves fitting a model life table. Of course, the possibility that 

the model life tables themselves, based as they are on actual historical 

life tables, may refiect age-distortions in the death rate denominators, 

must be kept in mind. No solution to this potential problan is 

offered here, however. 

2. The overall census undercount does not differ between censuses 

(or the difference is known and can therefore be taken into account). 
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This assumption is critical; without it, mortality cannot be correctly 

measured, and even a correct intercensal life table would imply 

systematically distorted adjustment coefficients. lhe need for this 

assumption may render this method inapplicable in some LDC and 

historical contexts, although a wary approach to the data may salvage 

the application. Thus it appears that when censuses are taken every 

five years, censuses on dates close to multiples of ten may be more 

thorough than mid-decade ones; this was perhaps so in 19th century 

France and 2oth century Japan. In these instances, the method may 

still be applied using every second census. When series of censuses 

are available, application of the method often reveals anomalies in 

the data which can then be investigated more thoroughly. 

3. The population~ closed or net migration~ known. 

In the absence of better data on net migration, registered intercensal 

births and deaths can be used with the total census enumerations to 

estimate net migrants, and these can then be allocated by age employing 

some model schedule. 

4. The pattern of age distortion~ identical 2.!_ the two 

censuses. One would expect that the quality of age reporting vmuld 

improve over successive censuses, and indeed this is the typical 

trend indicated by analyses of series of censuses. Ho\..,ever, changes are 

typically slow, and fall easily within a tolerable range. When a series 

of censuses is available for analysis, the extent of change can be 

directly assessed. It was clear from the analysis of English censuses, 

for example, that the 1841/51 pair yielded peculiar 5-year age adjustment 
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coefficients. Investigation then reveal eel that the age question had 

been posed in an unusual and undesirable way in the 1841 census. 

Two papers published in recent years seek to relax assumption 

4 above. Ntozi (1978) developed a method using three censuses which 

allowed each age-adjustment coefficient to trend at an exponential rate 

over time. Uas Gupta (1975) developed an ingenious method based on 

the assumption of fixed propensities to overstate or understate age, 

while allowing no misstatement to move a person farther than the 

adjacent age groups. This approach avoids the mechanical and conceptual 

untidiness of not being able to satisfy the adding-up constraint for 

both censuses. Furthermore, it allows for changing age adjustment 

coefficients as a consequence of changing relative sizes of the 

adjacent age groups whose members mistakenly report their ages as in 

the given age group. The Das Gupta modification appears particularly 

appropriate when age distortion results from age misstatement. However, 

it is not appropriate when age distortion results from age-specific 

differential underenumeration. 

It is sometimes suggested that the implied sex ratio by age be 

taken into account when estimating a9e-sex specific adjustment 

coefficients. The main difficulty is that the appropriate sex ratio 

for an age group depends on its entire past history of mortality, 

while only the intercensal mortality is typically known. 

Each of these three modifications adds substantially to the 

computational complexity, \'Jhile not appearing to yield very different 

results than the basic method. In my experience with numerous 

applications, the trend toward 1 ess distortion is so gradual that 
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Ntozi's modification \>IOuld add little to, say, averaging the 

adjustment coefficients for the t\'o'O census pairs which include a 

given census. Similarly, the conflict bet\-Jeen preserving the total 

enumerated population for one or the other of the pair of adjusted 

censuses is so slight that Das Gupta's method, although conceptually 

appealing, would not lead to very different results. Furthermore, 

it is not appropriate in the presence of age-specific differential 

underenumeration. For these reasons, neither innovation \'las 

included in the programs implementing the modifications developed in 

this report. 

III. Some New Refinements 

Several modifications of the basic method will be discussed here. 

These include: 5-year age groups with 10-year census intervals; 

intercensal births, deaths and fertility; simultaneous estimation of 

mortality and age distribution; use of registered deaths; and migration 

adjustments. 

A. Five Year Age Groups With Ten Year Inter-Census Intervals 

The original Demeny-Shorter method was applied to 5-:year age 

groups in Turkish censuses occurring at 5-year intervals. The procedure 

is essentially identical to the one outlined above for 10-year age groups 

and 10-year intercensal intervals. It would be very useful, however, to 

be able to correct 5-year age groups when the censuses are 10 years apart, 

which is by far the most common situation; and this presents a special 

problem. As before, begin by temporarily assuming the first age group 
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(0-4) to be correctly enumerated. Using the kno\"m intercensal life table, 

we can find the correct size of this age group 10 years 1 ater at the 

second census, when it is 10-14. This, in comparison to the enumerated 

population 10-14 at the second census, yields an adjustment coefficient 

for the 10-14 age group. This can then be used to calculate the 

correct size of the 10-14 age group at the first census, which can 

then be survived to 20-24, and so on. But note that this procedure 

will only provide adjustment coefficients for age groups 0-4, 

10-14, 20-24, ••• , 70-74, 80+. Because none of these ever survive 

into an age group like 5-9, 15-19, 25-29, ••• , 75-79, we get no 

coefficients for these. The first set of age groups I will call "odd" 

(because they are the first, third, and so on), anct the second 11 even." 

We can, of course, temporarily assume that the 5-9 age group 

is correctly enumerated, and proceed as above to derive coefficients 

for all the other even age groups. But how do we set the level of the 

sets of odd and even coefficients? If we had a reliable intercensal birth 

series this could be used with the life table to set, independently, the 

levels of the odd and even sets, subject to an overall adding-up constant. 

But it is unlikely that such a birth series is available. (Actually, an 

unchanging degree of underregistration of births, and constant intercensal 

mortality would be enough to find the levels, when com~ined with the 

total adding-up constraint). If we do not wish to use registered 

births, there are two options. The first is to assume that the 

adjusted odd age groups should total to the sum of the enumerated 

odd age groups, and the even to the even. The difficulty with this 

is that it implicitly assumes that there is no net distorting transfer 
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of peopl c from the odd to the even or the reverse. But s i nee heaping 

on ages ending in 0 (ages which fall into the odd age groups) is 

typically stronger than heaping on ages ending in 5 (ages which fall into 

the even age groups), there is reason to expect that the odd groups 

taken in total will have too many people, and the even too few. 

Therefore this option is unappealing. 

The second possibility is to use the intercensal mortality and 

population grO\'Ith rate to calculate a stable population, and to find 

the percentage of the stable population in odd and even age groups 

in it. This proportion can be used to divide the enumerated grand 

total into odd and even subtotals, and then use these to derive 

the levels of the odd and even coefficients which satisfy the two 

adding-up conditions. This is the preferred method, although in the 

presence of declining fertility it \'lill not work well, and the birth 

registration method may be superior. 

These methods are discussed in detail in Appendices 1 and 2. In 

Appendix 3 it is shown that the proportion of the stable population in 

odd age groups is quite insensitive to mortality level or model life table 

reg ion, ranging from 46.1 percent for t4oc1el North Female \'lith a 1 i fe 

expectancy of 25 years, to 47.6 percent for f·1odel East Female \'lith a 

life expectancy of 55 years, holdinq growth rates constant at 0 (and 

searching only over female life tables from e0 = 25 to e0 = 75). On 

the other hand, the proportion odd varies somewhat more sharply with 

population growth rates, ranging from 45.6 to 47.9 percent under 

f1odel North Female mortality when the gro\"th rate declines from 2 

percent per year to -1 percent per year. 
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An application of both methods to the Indian censuses (see VI 

bel ow and the related Appendix) illustrates the consequences of choice 

of method. For the 1891/1901 census pair (which is typical), 58.7 percent 

were enumerated in odd age groups, but only 55.2 percent would have been 

odd in the appropriate stable population. Using the method which assumes 

that even and odd were enumerated in the correct proportions, the adjustments 

for age groups 0-4 and 5-9 would be 1.21 and .84, respectively. Using 

the stable population method, the coefficients \'JOul d be much 1 ess 

extreme: 1.13 and .92, involving only about half as much adjustment. 

(Coefficients of unity \oJould imply no adjustment.) 

B. Intercensal Births, Ueaths and Fertility 

It requires only routine demography to reverse-survive each of the 

adjusted age groups 0-4 and 5-9 from the second census, and thereby 

derive estimates of births in each half of the 10-year intercensal 

period. It is similarly routine to reverse-survive women to find 

suitable denominators for the calculation of fertility rates for each 

half of the 10-year period. To derive fertility rates, or a summary 

measure such as the Total Fertility Rate (TFR), it is additionally necessary 

to assume an age distribution of fertility. In the programs developed 

for this project, we use the model fertility schedules contained in 

Coale and Demeny (1966, p. xxix), and calculate TFRs for the range of 

mean ages of fertility, while all owing the user to specify any 

particular mean age deemed appropriate. Obviously other model 

schedules could alse be used. 
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Once births have been calculated, intercensal deaths can be derived 

using the aggregate balancing equation. Births and deaths may be compared 

to registered totals to evaluate registration completeness (relative to 

census enumeration completeness). 

C. Use of Registered Deaths in Place of Life Tables 

As discussed earlier, the difficulty with using life tables, 

model or original, to project forward the first census population, 

is that the life tables may be based on death rates which reflect the 

use of age-distorted denominators. It is also possible, of course, 

that the actual popul ation• s mortality does not conforrn in pattern to 

any of the model life tables available. If one had confidence in 

registered deaths by single years of age and time, these could be used 

directly to project each age group forward to the second census. The 

method \o'IOUl d proceed exactly as before, but in this case one of the 

products of the analysis would be a new life table based on 

age-adjusted denominators. Unfortunately this version of the method 

requires a quantity and quality of data that is unlikely to be available 

for historical or LDC populations; nonetheless, it might be useful in 

some context. 

D. Dealing ~lith r-iigration 

If reasonably reliable birth and death series are available, then 

net migration can be calcul atcd from the balancing equation. The 

problem then is to all ocate the net migrants by age, and add them back 

into the appropriate age groups at the second of each pair of censuses 

analyzed, \"lhil e 1 eaving the first census of each pair unaltered. 
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The program developed to make these adjustments uses a period 

age distribution of female emigrants from S\'1eden bet\·Jeen 1861 and 1900. 

Each group at the second census is replenished by a number of migrants 

based on the (Swedish) migration propensities during each of the ages 

that age group passed through over the previous 10 years. (For details 

see Appendix 4.) This is mechanically cumbersome but conceptually fairly 

straightforward. This procedure was used to analyze the English census 

pairs ranging from 1841/51 to 1881/91, for females. The birth series 

was adjusted for underregistration before calculating net migration. It 

is interesting to compare the results after adjusting for migration to 

those without an adjustment. Because net migration was outward in each 

intercensal period, taking migration into account always reduced the 

estimates of i ntercensal mortality, and raised those of e0• These 

changes in e0 ranged from .2 years to 2.1 years, as estimated using the 

f·lanual IV method with lYlodel ~lest, and were some\'lhat smaller using ~·lodel 

North. The proportion of the population reallocated by adjustment was 

also slightly smaller (e.g., .0386 versus .0392 for 1841/51). 

The effect of the migration adjustment on the age adjustment 

coefficients was quite modest, except at the older ages (70-79 and 80+). 

Here, for the 1841/51 period, the adjustments became slightly less 

severe, going from coefficients of .847 to .865 for 70-79, and from 

.550 to .571 for 80+. Certainly these results sugpest that migration 

should be taken into account where it is feasible to do so. 

IV. The Simultaneous Search for Age Adjustment and a Life Table 

A. The nasic Idea 

To this point, it has been suggested that a two step procedure 

be fall O\'led: first, one uses the Nanual IV method to estimate an 
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intercensal life table; second, given this life table, one calculates 

the age adjustment coefficients. But we might ask whether the adjusted 

population would also be consistent \'lith this life table. The answer 

is "yes"; by construction, the adjusted age distributions will be 

perfectly consistent \'lith the mortality estimate. Indeed, given any 

life table whatsoever, the Demeny-Shorter method will produce adjusted 

age distributions which, taken together, imply intercensal survival 

per fee tl y mate hi ng the 1 i fe tab 1 e. Of course, some 1 i fe tab 1 es enta i 1 

more rearrangement of the enumerated age distribution than do others. 

Since the life table chosen by the ~~nual IV method is chosen precisely 

because it fits the actual census survival ratios well (in some sense), 

it ought to entail relatively 1 ittl e rearrangement of the enumerated 

age distributions. But it is natural to ask whether the f'1anual IV method 

selects the 1 ife table which fits 11 lJest," and entails the least 

adjustment; in fact, there is no reason to suppose that it does. 

To see why it might not, consider a population in which the 

pattern of age distortion resulted in a net overstatement of the 

proportion of the enumerated population above the age of 45. Si nee 

f.lanual IV procedure chooses the model life table which best projects 

forward the population segments 0+, 5+, ••• , 40+ to the second census, 

an enumeration which understated the proportion under 45 at both censuses 

would lead to the selection of a life table with lllOrtality too low, 

and e0 too high. On the other hand, when the pattern of age 

distortion is such as to leave the proportions under and over age 

45 relatively unaltered, the Manual IV method should do quite well. 

An alternative procedure would be to search, systematically, for 

the 1 ife table which entails 1 east alteration of the enumerated age 
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distributions. Such a procedure would need to confine its search to some 

well-defined set of life tables, since otherwise it \'IOUld always be 

possible to find a 1 ife table perfectly matching the typically implausible 

pattern of actual census survival ratios (with the exception of ratios 

greater than unity). In practice one might search over all the Coale 

and Demeny model life tables (all levels of all regions), or across 

Ledermann' s two parameter set. One might also follow Brass-type 1 ife 

table methods and search over two parameter logit transforms of some 

more recent and well-measured life tables for the population in 

question. In this \'lay, smoothness and conformity to widely observed 

empirical regularities are imposed on the intercensal life tables 

considered. In my work, I have always searched over the Coale-Uemeny 

life table system. 

B. The "Proportion f·loved" Criterion 

This procedure also requires an appropriate criterion to assess 

the degree of inconsistency between any life table and the enumerated 

age distributions, for the goal of the life table search must be to 

minimize some such criterion. One simple and straightforward criterion 

with a commonsense appeal is the proportion of the total population 

which must be 11 moved" to fit the life table. If the adjustment 

coefficient for age group i is b , then the absolute value of l-b1 , 

or ll-b
1
l , is the proportion of that age group added or deleted. 

If E and E 
2 

are the numbers enumerated in this age group i,l i, 
at the first and second of the censuses, then: 

c = 
Ell-bil (Ei,l + Ei,2) 

E(Ei 1 + Ei 2) , ' 
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is the proportion, C, of the total populations of both censuses moved by 

the bi • s, which in turn were irnpl ied by some given 1 ife table. We 

could find that 1 ife table which minimized C. Indeed this is the 

specific criterion adopted for most of my work on this 11 Simul taneous 

search 11 procedure. 

Table 1 

f·1ortal ity Estimates and Proportions f:loved Across P.ge Groups 

England & Wales, Females, 1841-1931 

------------------------------------------------------------------------
Simultaneous Search tlethod f.ta n ua 1 IV Hethod 

West Uorth West North 

Period c 0 % eo % eo % eo % 

------------------------------------------------------------------------
1841-1851 41.03 3.88 39.81 4.53 41.34 3.93 39.48 .4.58 

1851-1861 41.36 2.80 39.79 3.57 41.50 2.85 39.82 3.60 

1861-1871 41.98 2.55 39.17 3.22 42.08 2.59 40.42 3.25 

1871-1881 43.37 2.15 41.16 2.97 42.33 2.29 39.88 3.13 

1881-1891 44.03 2.03 41.77 2.92 43.07 2.16 40.42 3.00 

1891-1901 52.00 2.72 49.18 3.64 45.63 3.81 43.01 5.04 

1901-1911 51.76 1.78 49.02 2.39 50.17 1. 96 47.09 2.88 

1911-1921 52.44 1.41 49.99 1.55 52.83 1.54 50.57 1.58 

1921-1931 59.00 0.89 57.09 1.00 59.64 0.95 56.57 1.17 

Table 1 shows estimates of e 0 and the implied proportions moved 

for England and Wales, 1841 to 1931, using the Simultaneous Search 
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tlethod and the t·lanual IV method with ~Jest and North model life table 

families. This table shows that: 

1. The Simultaneous Search procedure always moves smaller 

porportions than the Manual IV method; this, of course, is 

virtually a mathematical necessity, given the criterion chosen; 

2. 11odel West mortality always moves fewer people than flodel 

North, using either method; 

3. The proportions moved decline monotonically over time, and 

are only about one fourth as big in 1921/31 as in 1841/51; the 

sole exception is 1891/1901 when they increase over the prior 

decade. Independent sources confirm that there was a problem 

with the enumeration of the older population in the 1891 census. 

4. The estimates from the two methods usually differ by 1 ess 

than a year or t\-1o; again the exception is 1891/1901; here the 

f··lanual IV method gives results which are much closer to the 

official estimates of e0 • 

C. Problems \..,ith the "Proportions floved" Criterion and Any 

Other Absolute Value Criterion 

Unfortunately, this appealing criterion has a serious drawback, 

which I realized rather late in this project: the optimal life table 

will (almost) always entail that one of the adjustment coefficients 

is unity, and therefore that one of the age groups is perfectly 

enumerated (that is, underenumerated in exactly the same proportion as 

the tota 1 population) • Si nee in rea 1 i ty this wi 11 almost never be 
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the case, it is an unc1esi rab 1 e outcome. Furthermore, this means that 

in effect, the search is only considering nine 1 ife tables, since 

there are only nine adjustment coefficients (0-9, 10-19, ••• , 70-79, 

80+) and a different (and unique) life table will set each one equal to 

unity. In this regard, the method shares an unfortunate feature of 

the Manual IV procedure, which also chooses the median life table from 

only nine candidates, specifically those nine which perfectly project 

the population segments from each of the nine lower bound ages, 0, 5, 

10, ••• , 40. Such methods are likely to choose a life table with a life 

expectancy which might be .5 or l .0 years from the "true" one, even if 

all other assumptions are met (judging by the c0 values which bracket 

the medianwitlu English censuses). 

Having noted the troubling occurence of unity adjustment 

coefficients when the "proportion moved" criterion \'Ia s used, I then 

demonstrated mathematically that this must in fact happen almost always. 

This demonstration is contained in Appendix 5. A very helpful 

geometric interpretation of the three age group case was given me by my 

colleague, Ken Wachter, and is included here as Appendix 6. 

0. Other Goodness-of-fit Criteria 

We are led, therefore, to seek criteria consistent with a broader 

search for life tables, and non~Jnitary adjusb~ent coefficients. Consider 

the criterion C(m,n) defined as follows: 
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(Note that the denominator contributes nothing since it is fixed in 

any application; it is included solely for consistency with the 

prior criterion.) Inspection shows that the 11 proportion moved 11 criterion, 

discussed in sections Band C above, is C(l,l), in this notation. 

Another possiblility is C(2,1), which is the "X211 criterion (if we view 

E as the "expected .. and b .Ei as the 11 0bserved 11
). A third possibility 

i 1 

is C(2,2), the sum of the squares of the numbers moved in each age group. 

Any criterion based on the sum of the squares of the deviations 

(m=2 in C(m,n)) will completely avoid the problem of corner solutions 

with unitary adjustment coefficients. As m declines towards 1 (the 

proportions moved criterion) and below 1, such undesirable solutions 

become increasingly 1 ikely. (This assertion has been demonstrated by 

Ken Wachter for the three age-group case, but a general proof is not 

available.) Thus the C(2,n) family of criteria is most appealing on 

these grounds. 

Since the age group size is raised to the nth power and used as 

a weight in the sum, the effect of increasing n is to decrease the 

importance given to fitting the census survival rates at the older ages. 

Since the enumeration of these older age groups is suspected,~ priori, 

to be seriously distorted, and indeed they appear to require the greatest 

adjustment, we waul d not want to weight them too heavily in assessing the 

fit of a life table. Because their adjustment coefficients are typically 

found to be so greatly discrepant from unity, the older age groups assume 

a dominating importance \"Jhen m=2, unless they are given reduced weights. 
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This consideration favors the critel"ion C(2,2) over the Chi-squared 

criterion C(2,1), which gives too much weight to the older ages. 

This discussion raises a new series of questions, however. If 

we want to weight differentially the age groups, and we have a prior 

notion of what the \tleights should be, why do it in this clumsy manner 

based on actual age group sizes? hhy not introduce appropriate 

weights directly? Furthermore, if we believe that there is a strong 

tendency to overstate age at advanced ages, and that therefore the true 

adjustment coefficients in the older age groups should be substantially 

below unity, \olhy try to choose a life table that makes them as close 

as possible to unity? If we claim to know roughly \'lhat the shape of 

the age-profile of correction factors should be, why not take the 

shape of this profile as given, and choose a level which minimizes 

deviation from this shape rather than from unity for every age group? 

Or most generally, if we don't believe that the expected value of 

deviations of adjustment coefficients from unity, conditional on age, 

is zero, then why try to minimize some measure of these deviations 

rather than of deviations from the expected value, conuitional on age? 

0 ne simple approach, which addresses these concerns, is to give 

certain age groups zero weight in the criterion. In particular, 

the age groups 7 0-79 and 80+, which sho\'1 up ex post as seriously 

distorted, may be given zero weight, and the criterion may then be based 

on the remaining age groups. There is indeed a typical pattern of 

distortion in these remaining age groups as \'lell, but these distortions 

are not of dominating size, and furthermore they appear to be much more 

culture specific. 
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On first consideration, it would appear straightforward to minimize 

differences between the adjustment coefficients and unity for the 

remaining groups. However, on further reflection it is clear that 

this is not appropriate: if we expect i priori that the omitted age 

groups are severely overenumerated, then the remaining ones must 

be on average underenumeratcd. A more appropriate criterion, therefore, 

would be to choose the 1 ife table \'lhich minimized some measure of 

deviations from the average underenumeration for the implied over-en~•eration 

of the older (omitted) age groups, given the life table in question. 

Thus the number relative to \'Jhich deviations are measured would vary, 

depending on which 1 ife table was being evaluated. 

This criterion has been operational ized in a computer program, 

and applied to the English data for 1841/51. We may extend the C(m,n) 

notation to C(m,n,u) where the value of u denotes the number of age 

groups at the top of the age distribution to be given weight zero by 

the criterion, \'lith appropriate adjustment of the expected value of 

the remaining age groups' coefficients. C(m,n,u) is defined as follows: 

C(m,n,u) 
w-u 

= I: 
i=O 

(JJ 

I: (bj-l)Ej m 
j CJJ-u+l I Ein 

(JJ-U 

I: E. 
j=o J 

Based on a priori considerations, the tv1o criteria C(2,2,0) and 

C(2,2,2) seem preferable to the others. Hov:ever, not enough experience 

has yet been accumulated to see hov1 these \'Jill work in practice. 
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E. Comparative Results Using the Various Cri"teria: English 

Females, 1841/51 

A wide variety of criteria \'lere used to calculate mortality and 

age adjustment coefficients for the 1841/51 census pair of English 

females. Selected components of the results are shown in Table 2. 

Table 2 

Comparative Results Using Various Criteria for the Same Census Pair: English 

Females, 1841/51 (Adjusted for Migration; Model West Female Life Tables) 

Criterion 

Nanual IV 41.80 

Adjustment 

Coefficient for 

0-9 80+ 

.998 • 571 

(Not simultaneous search) 

C(1,1,0) 41.54 1.000 .563 

(Proportion noved) 

C(2,1,0) 42.19 • 994 .584 

(Chi-squared) 

C(2,2,0) 40.29 1. 012 .522 

(Sum of Squared Proportions l'loved) 

C(1,1,2) 40.65 1.009 .534 

(Proportions r.loved excluding 70-79 and 80+) 

TFR 

4.43 

4.46 

4.40 

4.58 

4. 54 

Proportion 

rioved 

( v a 1 ue of C ( 1 , 1 ) ) 

.0386 

.0382 

.0395 

.0420 

.0409 
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There are several points to note here. First, the variation in 

estimates is not great, the largest difference in e0 being slightly less 

than two years. The implied adjustment coefficients for 0-9 vary by 

.02, which is an appreciable amount. Note that this coefficient has 

been set equal to 1.000 by the "proportions moved" criterion, illustrating 

the problem with it. The coefficients for the oldest aye group vary by 

.06, which is quite a bit, particularly since it is on a base of about 

.5; thus the implied range for the size of the adjusted population 

80+ would be about 12 percent. The range on the total fertility rate 

is four percent. 

It is clear that the choice of criterion, or of the f1anual IV method, 

makes a moderate difference, greatest at the oldest ages. While the 

two preferred simultaneous search criteria, C(2,2,0) and C(l,l,2) are 

in good agreement, they both differ strongly from the Nanual IV 

approach. Without knowing the true values for these years, it is 

difficult to interpret these discrepancies. In fact, some other 

estimates are available, but they cover roughly the same range: the 

official life tables for 1838-1854, based on registration data, gives 

i> = 41.85, very close to the r!anual IV es·timate. E. A. Wrigley and 

Roger Schofield estimate life expectancy for 1841-51 as 39.75, in a 

study which is certainly by far the most careful yet done.* This is 

slightly below the estimates based on C(2,2,0) and C(l,l,2). 

* They give estimates for five year perioc1s centered on 1841, 1846, 

1851; I weighted these by 1/4, l/2 ·lnd l/4 respectively to form the 

estimate for 1841 to 1851. 
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V. Applications 

A. Overview 

The methods described above \>lere applied to census series for 

English females, 1841 to 1931; France, 1876 to 1911; India, 1881 to 1961; 

and to Turkey, 1935 ':o 1960. Of these applications, the one to England 

was most thorough. The other applications (except to Turkey) uncovered 

various problems which we were unable to resove within the time frame 

of this proj cc t 

The results are discussed in detail in Appendices 7 to 9. 

The results for France are discussed in Appendix 10. The results 

for India are given in Appendix 11, but are not discussed. 

These are preliminary, and should not have been done with a f.lodel West 

life table. They are, nonetheless, quite interesting. l~e results for 

Turkey are in Appendix 12, and are likewise not discussed. An 

additional application was made to United States Native Hhite Females, 

but this is too preliminary and is not included. 

It would be very desirable to extend the range of applications 

to include more LUCs, but unfortunately this was not possible given the 

available resources. 

VI. Are the Adjustments Pl a us i b 1 e? 

Our results for the elderly imply massive adjustments, particularly 

for the 80 and over age group. For the 1841/51 English censuses, for 

example, we conclude that there was an overenumeration of R2% for the 
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80+, and that an adjustment by .55 is therefore required. Are these 

numbers plausible? t·light it not rather be the case that the model life 

tables are simply unrepresentative of old age mortality in England? 

It would be useful to have some more direct evidence on the matter. 

Fortunately, a study addressing precisely this point \'las 

recently published (Thomson, 1980). By matching age statemetnts on pairs 

of census returns from 1851 to 1881 for the 60 and over populations of 

two English towns, he was able to check the consistency of age reporting, 

if not its absolute veracity. For 1851/61 and 1861/71, only 30 to 40 

percent of elderly women gave consistent reports in the towns of 

Puddl etown and Eal ing. However, about half of the inconsistencies were 

discrepant by only one year, and they \'lent in the directions of both 

understatement and overstatement. 

Table VI.1 shows the distribution of women by the discrepancies in 

their age reporting for the two towns. It shows, for exarnpl e, that in 

Putldl etown, of those women who reported themse 1 ves to be in their 60s 

at the first of the two censuses, seven percent raised their age by 

two years at the second census. It also appears that up and down 

movanents should be largely offsetting. 

lSut how are we to interpret these? H ow can they be compared to the 

indirect estimates? There are, in fact, three influences acting to 

magnify these apparently rather small age distortions. First, they 

are cumulative from age group to age group. The HO+ group is affected 

by 50 year olds who claimed to be 60 year olds long past, and thereafter 

reported age consistently; and by the net-upward misreports of 60 

year olds ~\-/ell~ by the misreports of 70 year olds claiming to 
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to in their 80s. Second, because of mortality, younger age groups are 

1 arger than older ones, and so a small percentage transfered out of a 

younger group is magnified in its effects on the older one. Third, 

population growth makes younger age groups larger than old ones, and 

likewise has a magnifying effect. Offsetting these magnifying influences 

is the fact that most women in an age group who misstate their age \'d 11 

not thereby cross into the next higher age groups; for example, only one 

tenth (or 1 ess) of women in their seventies who add a year to their age 

would thereby enter their eighties. 

Table VI.2 presents the results of calculations which take this last 

factor into account. It is based on the distributions of Table VI.l 

Consider women in their seventies who overstate their age by two years. 

For women aged 70 to 77 there will be no change in 10-vear age group; 

for women 78 or 79, they wi 11 now be classified as B U+ Thus about 

2/10 = .2 of the women who change their age state111ent in this way \'Jill 

cross into the next highest age group, or in this case for Puddletown, 

.2 x .07 = .014 women originally reported in their 70s \'JOuld now he 

reported in their 80s.* 

We see from Table VI.2A that although only 49 oercent of females in 

their 70s in Puddl etown reported thci r age consistently, 89 ·1 ercent of 

of these women did not report their ten-year a~Je group inconsistently. 

*Note that .07 comes from the "60s to 70s" row of Table 1; thus women 

who reported themselves in their 60s at the first census should have 

been in their 70s at the second census. 
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The figures in Table VI.2 can be combined with those in Table Vl.3 to 

calculate the ratio of enumerated to "true" population in various age 

groups, assuming that life expectancy at birth is 40 years and the 

population is growing (stably) at .01/year. 

Consider women in their 70s. The enumerated number \'lill include 

survivors from those reportedly in their 6():; at the previous census, 

minus those in their 70s \'lho inconsistently switch to their 80s or 

their 60s (amounting to .057 and .043, respectively, for Puddleto\lm) 

plus those in their 60s who switch to 70s, plus those in their 80s 

who switch to 70s. Let up(70s) and down(70s) be the proportions 

switching up or dovm from their 70s, and similarly for other age groups. 

Let P(705) be the approximate size of the true population in its70;, 

and similarly for other ages, as estimated from an appropriate stable 

population. Then the net proportionate inflation or deflation of 

enumerated women in their 70s, relative to those in their 605 at the 

previous census, call it R(70s}, is given by: 

R(70s) = 1 - up( 70s) - down( 70s) + up( 60s }P (60s) /P (70s) 

+ down ( 80s ) P (80s ) /P (7Os } • 

The same equation holds for the other age groups, with suitable 

modification for the 80+ age groups, for which up (GO+) = 0, and 

into which there are no transfers from above. 

Table VI.4 shov1s the stable age distribution in the relevant age 

groups, assuming a population grov1th rate of .01 per year, with mortality 

as given by a Nadel \4est Female 1 ife table with 1 ife expectancy at birth 



- 28 -

equal to 40 years (see Coale and Oemeny, l~L6). This should give a 

good fit to prior English demographic experience. Barring dramatic 

fluctuations in the prior birth rate, the figures in Table VI.4 should 

be fairly robust to changed assumptions about the growth rate and 

mortality. 

Using Table VI.4, it is straightforward to calculate R(60s), R(70s) 

and R(80+); the results are shown in Tables VI.4A and VI.4B. The one snag 

is that calculation of R(6Us) requires up( 50s), \'Jhich is not avail able. 

I used the average value of up( 60s), up( 70s) and up( 80s) , \'lhi c h show 

no trend by age. 

The first column of Table VI.4A and VI.4B shows R(605), R(70s) and 

R(8U+) as calculated from the above equation using Tables VI.4A and VI.4B 

and Table VI .3. We see, for example, that the overenumeration of age group 

80+ is 45.5 percent greater than that of age group 70-79 in Puddl etown. 

This big difference is explained by the fact that the size of the 70s age 

group is more than 5 times greater than that of the 80+ age group; thus the 

up( 70s) component is greatly magnified in its effect on the 805 age group. 

If we assume that the current period-specific distortions shown 

in the first column also characterize past patterns, then \'ie can 

cumulate them as in the second column. This shows that the 80+ age 

group is overenumerated by fully 70 percent more than the SUs age group 

in Eal ing, and 29 ::>ercent more in Puddleto\'m. The 1 ast column sho\'JS the 

age adjustment coefficients for each age group. 

How do these direct estimates compare to the indirect estimates 

using the Demeny-Shorter procedure? Table VI.5 presents the relevant 

comparisons. If we compare the average of the Puddl eto\<m and Eal ing 
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coefficients to the average coefficients for 18~1 to 1B81, the 

agreement is strikingly good: .993 versus 1.004; .911 versus .952; 

.683 versus .711. The table also permits other comparisons. It should 

be remembered, however, that the directly estimated coefficients are 

calculated relative to the correctness of the age groups 50-59, and not 

absolutely. 

Certainly the results of this reinterpretation of the study of a 

small number of women from two English towns should not be taken as 

representative of all English women of this period. Nonetheless, the 

analysis has shown that the major adjustments implied by the indirect 

methods are not at all unreasonable or implausible; they are very 

consistent with what 1 imi ted direct information is av ai 1 ab 1 e. 

Table VI.1A 

Percent Oi stributi on of Females in Puddl eto~m by 1\ge 

Reporting Consistency in the Censuses of 1851-1881 

Period of 

Change, 

From 

50s to 60s 

60s to 70s 

70s to 80s 

Age Lowered by 

(Years) 

3+ 2 1 

.12 • 02 • 09 

• 07 • 00 .15 

.08 • 08 • 00 

Age Correct 

0 

.42 

.49 

.46 

J\ge Raised by 

(Years) 

1 2 3+ 

.19 .12 .04 

.15 .07 .07 

• 23 • 00 • 08 

Total 

1.00 

1.00 

1. 01 

Note: Calculated from Thomson ( 1980) Table 6. Total may differ from 

unity due to rounding. 
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Table VI.lB 

Percent Distribution of Females in Ealing by Age Reporting 

Consistency in the Censuses of 1851 and 18G1 

Period of 

Change, 

From 

50s to 60s 

60s to 70s 

70s to BUs 

Age Lowered Age 

by (Years) C orrect 

5+ 3-4 2 1 0 

.04 .05 .03 .06 

.06 .06 .05 .16 

.04 .04 .00 .23 

.36 

.35 

. 31 

Age Raised 

by (Years) 

1 2 3-4 5+ 

.13 .09 .12 .12 

• 07 • 09 • 08 • 08 

• 08 • 15 • OB • 07 

Total 

1.00 

1.00 

1.00 

Note: Calculated from Thomson (1980) Table 11, assuming that half of 

those moving 3+ '/ears move 5+ years, as is the case in Table 12. 
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Tab 1 e VI. 2A 

Percent Distribution of Females in Puddletown According to Whether Their 

Age f-'li sreporti ng Noved Them to a Higher or Lower Ten Year Age Group 

Period of 

Change, 

From 

50s to 60s 

60s to 70s 

70s to 80s 

Average 

( 1851 to 1881 ) 

(A) (B) 

f.1ov i ng to Staying in 

Younger 1 0 Same 10 Year 

Year Age Group Age Group 

.061 

.043 

.048 

.051 

.88 

.89 

.88 

.887 

(C) 

f·1ov i ng to 

01 der 1 0 

Year Age Group 

.059 

.057 

• 071 

.062 

(0) 

Total 

Leaving 

Age Group 

.120 

.010 

.119 

.113 

Calculated from Table VI.1A by finding the average length of move 

(treating the mean move of 3+ years as 4 years), and dividing this by 

10, then multiplying by the percent moving in this direction (sum of 

3+, 2 and 1) from Table VI.lA. (D) is (A) + (0. (B) is 1 - (D). 
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Table VI.2B 

Proportional Distribution of Females in Eal ing According to ~Jhether Their 

Age ~1i sreport i ng t.-lov ed Them to a Higher or Lower Ten Year Age Group 

( 1851 and 1861) 

----~---------------------------------------~---------------------------

Period of 

Change, 

From 

50s to 60s 

60s to 70s 

70s to 80s 

Average 

(A) (H) 

t1oving to Staying in 

Younger 10 Year Same 10 Year 

Age Group A~e Group 

.054 .801 

.083 .816 

.061 .831 

.066 .816 

(C) ( (j ) 

f"iov i ng to Tota 1 

01 der 10 Year Leaving 

Age Group Age Group 

.145 .199 

.101 .184 

.108 .169 

.118 .184 

Note: calculated from Table VI.lB, by assuming the average length of move 

of 3-4 years was 3.5 and of 5+ was 6. The proportion moving each 

distance \'las multiplied by the distance, then summed; the total 

was divided by 10. See the text for explanation. (D) is 

( A) + ( C) • ( B) i s 1 - ( 0 ) • 
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Table VI.3 

Proportions of the Stable Population in Broad Age Group When 

e0 = 40 and Population Grows at .01/year 

Age Group 

50-59 

60-69 

70-79 

80+ 

Proportion 

.0797 

.0516 

.0235 

.0046 

Ratio to Next 

01 der Age Group 

1.54 

2.20 

5.11 
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Table VI.4A 

Calculated Female Age Adjustment Coefficients (bi) for Puddletown 

1851-1881 

(A) 

Completeness of 

Enumeration Relative 

Age Group to Preceding Age Group 

60-69 .995 

70-79 1.039 

80-89 1.243 

( [3) 

completeness of 

Enumeration Hel ative 

(C) 

Age Group 

To True Po pul at ion Adjustment 

(if 50-59 is correct) coefficient 

.995 1.005 

1.034 .967 

1.285 .778 

Note: (A) is calculated as described in the text. (B) is just the 

cumulated product of (A). (C) is just the inverse of (B). 
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Table VI.4B 

Calculated Female Age Adjustment Coefficient for Eal ing, 

1851 to 1861 

Age Group 

60-69 

70-79 

80+ 

(A) 

R ( ) 

completeness of 

(B) 

Completeness of 

Enumeration Relative Enumeration Relative 

to the Preceding to the True Population 

Age Group 

1.020 

1.147 

1.455 

(if 50-59 is correct) 

1.020 

1.170 

1.702 

(C) 

Age 

Adjustment 

co e f f i c i en t 

.980 

.855 

.587 

Note: (A) is calculated as described in the text. (13) is the 

cumulative product of (A). (C) is 1/(B). 
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Table VI.5 

Estimated Age Adjustment Coefficients for National and Local 

Eng 1 ish Fema 1 es, by lnd i rect and Direct f:tethod s 

Census Pairs 

1851/61 

1861/71 

1871/81 

Average of 

1851 to 1881 

Pudd1etown 

1851-81 

Ealing 

1851/61 

Average of Pudd1etown 

and Eal ing 

60-69 

1.008 

1.004 

1.024 

1. 012 

1.005 

.980 

.9Y3 

70-79 

• 929 

.926 

1.000 

.952 

.967 

.855 

• 911 

80+ 

.679 

.652 

.803 

• 711 

.778 

• 587 

.683 

Note: Estimates are hased on t·iodel North Female life tables, using 

simultaneous search ~1ith the 11 proportions moved .. criterion; 

.-: ensus data were adjusted for migration. The Eal ing and 

Puddletown coefficients are relative to those for 50-59, not 

absolute. 
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