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REGIONAL MODEL LIFE TABLES
AND STABLE POPULATIONS



PART 1. DESCRIPTION AND EXPLANATION

INTRODUCTION

Tue pusBLicaTION of this volume is intended to make available to
demographers and - statisticians  extended  tabulations  that  will
.-xp(‘diLo a wide range ol both demographic a-mal}'sis and estimation
of population statistics. The tables presented here are of two prin-
cipal varietics: model life tables and stable populations. Both forms
lave played an incereasingly prominent refe in recent scientific work
sn population. The literature on age distribution, on age patterns of
mortality, and on estimation by means of stable {or quasi-stable)
age distribution is beginning Lo assume formidable proportions.

[ spife of the increasing attention to model life tables and the
-alealations based on stable populations, the published material
that would facilitate their wse is sparse. The Population Branch of
the United Nations has issued a set of model life tables that have
been widely used, but anvone wishing to employ stable age distri-
Litions has had no choice but to embark on caleulations that are
very laborious- almost prohibitively so if advanced methods of
sdeudation are not zecessible. Several organizations (including the

Office of Population Research, the Population Branch of the United
Nations, and the United Nations Centre for Demographic Studies
in Santiago) have calculated sets of stable age distributions for
internal use. This volume makes available: (a) a set of model life
tables somewhat different and more extensive than the United
Nations collection: and (b} a very large number (1) arly 5.000) of
stable populations, with a variety of associated parameters, includ-
ing the age distributions of deaths.

There are three chapters of the introductory text. The first is a
general deseription of model life tables and stable populations, The
second is 4 briel account of the methods of caleulation used Lo con-
struct the tables presented in this book. This chapter is rather
technical, of interest primarily to specialists. The third chapter
deseribes illustrative uses of the tables, and explaing the terms and
symbols emploved.

The reader interested in a non-technical description of the tables
and in a guide to their use should skip Chapter 2.




CHAPTER 1.

MODELS OF MORTALITY AND

AGE COMPOSITION

A. MODEL LIFE TABLES

Whereas we have found, that of 100 guick
Conceptions about 36 of them die before they be
six years, old, and that perhaps but one surviveth
76, we, having seven Decads between six and 76,
we sought six mean proportional numbers be-
tween 64, the remainder, living at six years, and
the one, which survives 76, and finde, that the
numbers following arc practically near enough
to the truth; for men do not die in exact Propor-
tions, nor in Fractions: from whence arises this
Table following.

Joux GrauxT, 1662

tile tables provide a succinct description of what is the most
jroinent aspect of the state of human mortality: they show the
- arving chances of dving as a function of age. Basic though such a
toaoription might seem, even a superficial check on the existing
s tables computed from direct statistical information is sufficient
¢ r<lublish the fact that the available documentation is severely
bouted, The limitations pertain not only to the quality of the
nlable material, but to its geographic and historical coverage
el
It is these limitations that constitute both the primary justification
2l the main weakness of an attempt to construct lite tables re-
ting generalized experience. Model life tables are necessarily
dended for use chiefly in situations where no reliable direct infor-
schion is at hand; vet the very lack of data for a given population
“welers the imposition of a model mortality pattern a risky enter-
s U follows [rom these considerations that the quest for

w

“typical” age patterns of mortality to be incorporated in a family of
model life tables should take account of the full range of variation
in the documented patterns, but only after that documentation has
been subjected to a critical examination as to its reliability.

The limitations of the potential source material for the construc-
tion of model lite tables can be readily appreciated by recalling a
tew historical facts. Although death must have always been among
the preoccupations of man, it was not until the mid-17th century
that the patterns of regularities in the chance of dying were subjec-
ted to scientific investigation. It is in John Graunt’s celebrated
Observations' on the Bills of Mortality of London that we find the
fivst sketch of what later came to be called a life table. Its contents,
with the exception of the ingenious estimate of the magnitude of
child mortality, were purely conjectural; however, its form set the
precedent for the death—and survivors -columns of all future life
tables. It was Graunt’s table that prompted the astronomer Halley
some forty years later to construct the first modern life table, that
of the city of Breslau for the years 1687-1691.° “At least ‘tis
desired™ ~Halley wrote in the closing lines of his remarkable expo-
sition - “that in imitation hereof the Curious in other Cities would
attempt something of the same nature, than which nothing perhaps
can be more usetul” In fact, it was over forty years before the
construction of another table was undertaken: Kresseboom’s caleu-
lations based on records of life annuities in Folland appeared in
1738, and the famous tables of Deparcieux were published in

" Natural and Political Obsersations Aude U ;non the Bills of Mortality, London
1862, American edition edited by Walter F. Willcox, Johns Hopkins Press,
Baltimore 1939,

‘Edmund Halley, An Estimate of the Degrees of the Mortality of Mankind
(originally in Philosophicel Transactions of Tthe Royal Society, Vol, 17, 1693);
American edition edited by Lowell ]J. Reed, Johns Hepkins Press, Baltzmore
1942,
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ex- shere either vital statistics or censtises, or both, are ]ac-kiug and tained containing 326 male and 326 female life tables., The dis-
the fence the majority lacks the statistical data that would permit the tribution of these tables according to year of origin and geographic
s a ~alenlation of life tables of sufficient quality to serve as a basis location is shown in Table T, These figures bear out the extreme
i model tables, paucity of adequate mortality information for Africa, Asia, and
ted \ large collection of life tables of the third type has heen Latin America, and at the same time indircetly show the extra-
5 to wmbled at the Office of Population Research of Princeton Uni- ordinary interest of the existing recorded experience. To develop
vor- cisily, taken partly from various secondary sources, and partly statistical systems that provide data of good rcliability is not only
tken coneoriginal publications of national statistical bureaus. Before a costly but also a very time-consuming process. If one makes the
ihle, cvepting this collection as a potential basis for construeting model perhaps not too optimistic assumption that currently ohserved
lries e tables, some further selection was necessary. First, since uni-
nate tamity of the data was oh\-'iously recquired, the lack of separate Papri L Disuibution of 320 selecied life talsles uccording (o vear of origin
ions; teesliment of the two sexes eliminated a table from further con- and geographic location ' ‘
< for leration; similarly, the availability of life table values (or the * “
age poesibility to compute. life table values) for five-year age g%'oups, E— P 1[1:!/{1;(_?;1;’) ]r;f ”]{;;;f;(;,;;f,(Z};f”!/cfgjfjf;[, o
astic st separate groups for age 0 and age 1 to 4, was required for in- : .
atios ~lnsion. Second, while the collection of tables was necessarily un- Alviea i 5 10 15
d on alimced both according to its geographical coverage and to tiﬁ:if; ?fﬁ:;f‘ f, “‘; 12 lf
same “vvear of origin of the tables contained, it was thought desirable A - 9 16 i
s via tvoreduce this imbalance by excluding many life tables from the Europe 73 44 62 28 206
form ! few decades that were obviously repetitive in character, such Oceaniy 10 6 6 22
rate, hic tables referring to consecutive intercensal years routinely Fotal \s ‘ o .
hild- dinlated in some countries. Third. tables covering vears in which ) ot s o o H 326
ds of countty was inoa major war were eliminated. Foarth, it was
sults. devided to use life tables representing the experience of whole declining mortality trends the world over will contimie in the fore-
was cnntries only, partly because of the belief that the general quality seeable future one realizes the uniquencss of the accurate records
con- 4 the life tables for sub-regions within countries is less satisfac- - -mostly those of European countries hefore World T— that reflect
v partly, again, to reduce imbalance and repetitiveness. Thus, 1‘(>]ztfi\'cj}f high Jevels of mortality. This was then the raw material
v by furge collections of life tables for the individual states of the from which the investigation of g'lge patterns of mortality started,
pd on nited States were excluded, This rule was relaxed in a few in- Genera]ly speaking, two approaches to describe such patterns
nuous tnees only when the experience of a sub-region showed distinct can be envisaged. The Arst approach is to find some mathematical
1 at a Iooracteristics that persisted over time: this was the case in par- expression valid for all ages and thus to formulate what in an
entin ular with the tables for Southern Italy that were kept in the carlier parlance was often called a “law of mortality.” The first such
other dlection separately, Some of the German states of the 19th attempt was made as far back as 1725 by the H’uguenot mathe-
ecame cutury represented by individual tables were also retained. A few matician DeMoivre, who, on studying }Ia'uey’_q table, conjectured
ne list o lables refer to a non-geographically defined sub-group of the that the human survivorship function decreases in an arithmetic
xpand cepulation, because of the non-availability or the lesser accuracy progression.* DeMoivie's hypothesis was soon disproved, and the
some A the data for the remainder: life tables for the United States and Brst sophisticated step was taken a hundred years later by Gom-
WEeVerT, ~w Zealand are those for the white population only. ! ’
antries

\lter the eliminations outlined above a basic collection was ob-

ﬁ

FA. DeMoivre, Annuities on Lives, London 1725,

(7)
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CHAPTER 1. MODELS OF MORTALITY AND AGE COMPOSITION

ment of the model life tables contained in this volume. They were
worked out approximately in their present form during 1960-1962
and were in use in the Office of Population Research since that
time, having undergone in the meantime two revisions. The basic
approach that was followed was essentially the one used in the 1944
“ludy cited above with the exceptions that two sets of regression
~quations were calculated to provide a more satisfactory fit; that
the underlying source material was much more extensive: and,
imost importantly, that within the experience incorporated in the
estended source material four types of mortality patterns were
entified and developed into four sets of model life tables, The
sesulting collection is best thought of as four families of one-
parameter life tables, available separately for each sex. The one
parameter is any arbitrarily selected index of the life table' to
which any value within the range of human mortality experience
i be assigned. The four families have distinct age patterns of

mortality —patterns of a “regional” nature that we have named ‘

West,” “North,” “South,” and “East.”™

B. STABLE POPULATIONS

Cependant on voit hien, que cette détermination
ne sauroit étre développée en général: mais, pour
chaque hypothése de nortalité, si Uon calcule le
rapport /N [population ‘births, or 1 hirth rate |
pour plusieurs valeurs de » [one plus the intrinsic
rate of increase|, & qu'on en dresse une table, il
sera aisé d’assigner réciproquement pour chaque
rapport donné Af:\, qui exprime la fécondité,
Faugmentation annuelle de tous les vivans, qui est
la méme que celle des naissances.

LEonarp Evier, 1760

Phus did Euler 200 years ago suggest, in effect, the construction

i the point of view of computation, as I explained below, this parameter
thie vxpectation of life at age 10,
b odetailed discussion of the construction of these tables appears below, in

Cleapter 2,

of tables of stable populations.* Euler appears to have been the
first to visualize a closed population experiencing the same mortality
risks for many years, and births that change in number in a geo-
metric progression (ie., change at constant proportionate rate)
trom year to year. Such a population has an unvarying age dis-
tribution, increases at a constant rate, and has constant birth and
death rates. It can be termed a stable population (or a Malthusian
population, to use a term of Lotka’s)."s The age distribution is
given by equation {1):

clu) = bepla) {1}

where c(a) is the proportion of the population at age a, b is the
birth rate, + the annual rate of increase, and p(a) the proportion
surviving from birth to age a.

Every combination of a life table and a rate of increase implies
a determinate age composition, with an associated birth rate and
death rate. We have followed Fuler's implicit suggestion, and cal-
culated a total of nearly 5,000 stable populations, associated with
the 192 model life tables (24 for each sex in each of the four
‘regional” families). We have exceeded his suggestion to calcu-
late the reciprocal of the birth rate, and have printed many
parameters of each stable population, including the proportion in
each five-vear interval; the cumulated proportion to ages at five-
year intervals; and the birth rate, death rate, and rate of increase.
Accompanying each stable age distribution is an age distribution of
the deaths that would occur in the stable population.

The development of a fully articulated theory of stable popula-
tions was the work of Alfred |. Lotka. In 1907, he wrote a brief
note'™ in which he stated equation (1) exactly as given here, and
little different from an equation employed by Euler 150 years

" Leonard Fuler, “Recherches générales sur la mortalité et la multiplication
du gerre humain,” Histoire de I'Académie Royale des Sciences ef Belles-
Lettres, 1760, pp. 144-64,

% Lotka used the term Malthusion to describe a population with a constant
rate of increase and an uachanging mortality schedule, and the term stable
for the special case of a Malthusian population when the constant rate of
increase results from  the profonged prevalence of an unchanging fertility
schedule,
A J. Lotka, “Relation between Birth Rates and Death Rates,”

Science,
N.5. Vol 26 (1907), Ne. 653. pp. 21-22.
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earlier of which Lotka was apparently unaware. In this article,
Lotka showed that the relations inherent in a stable population were
closely matched in the population of England and Wales in 1871-
1880. Four years later, in a joint paper with F. R. Sharpe, Lotka
first outlined the mathematical proof that the continuation of a
specified fertility and mortality schedule would lead to an unchang-
ing age distribution, which Sharpe and Lotka Iabeled “stable.”*
In a stable population, the rate of increase that comes to prevail
is the sole real root of equation (2):

Lm criplaim{a) da =} (2}
where m(a) is the proportion of persons of one sex who annually
become parents of a child of the same sex, and w is the highest age
attained. Usually, m{a) expresses the age schedule according to
which women bear female babies, although it is equally appro-
priate for males.

In a series of more than 30 articles and a book, Lotka elaborated
the theory of stable populations. He stated a method for calcu-
lating the one real root and the principal complex roots of equation
(2), and showed how these values of r (real and complex) illu-
minate the approach to stability and the nature of the ultimate
stable population. He discovered and stated a large number of in-
terrelationships among parameters in the stable populations; he
illustrated the use of stable population concepts to promote a bet-

lT].:'. P\_S});pe and A. ]. Lotka. "A Problem in AgemDi:tribution,” Philosaphical
Magazine, April 18911, pp. 435-38.

(10)

ter understanding of what fertility and mortality schedules imply
specifically noting that the intrinsic (stable) rate of increasc in
the United States of 1920 was well below the then current (crude:
sate of natural increase; he used stable population concepts to
estimate the average size of tamily in Colonial America; he showcd
how the establishment of a stable population trom the progen:
of a single population element could be derived by considering
births by generations rather than on an annual basis; and '«
analyzed the incidence of orphanhood, the extinction of families
and the growth of two species competing for a common food sup
ply. The most systematic exposition of his contributions is i
Théorie analytique des associations hiclogiques {1lermam et Cic
Paris 1939). This book also contains a bibliography listing Lotka"
principal contributions prior to 1939,

Since Fotka’s death in 1949, there has been a revival of interes
in stable population analysis, partly because the stable age distribu
tion is often closely approximated under the demographic condi
tions found in many underdeveloped areas  a history of approx
mately constant fertility and steadily falling meortality. Such ag
distributions have been designated quasi-stable. A recent artick
summarizes the use of quasi-stability in making estimates ot popu
lation parameters, and gives a selected list of readings on thi
subject.”

“ AL T Coale, “Estimates of Various Demagraphic Measwres through the Qua-
Stable Age Distribution,” in Milbank Memorial Fund, Emerging Techiigu
i Population Research, Proccedings of the 1062 Annual Conference of th
Milbank Memorial Fund, pp. 175-83.
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CHAPTER 2. CALCULATION OF MODEL TABLES

A. CALCULATION OF FOUR FAMILIES
OF MODEL LIFE TABLES

The four families of life tables presented in this volume are the
result of a search for several distinctive patterns in the variation of
mortality rates with age. The search originated in the impossibility
of finding an acceptable one-parameter representation of all reliably
documented mortality experience.

The various conventional functions (I, L,, ¢.°, ete.) of a life table
vl be constructed from a small number of life table death rates—
.5 For example, knowledge of (iqo, ¢ 5Gs s§s « « « 4 5Gis)
pormits the calculation of I, (and L.) to age 80. The value of T,,
vun be estimated from I, (although not very precisely), and life
~spectancy at the various ages can then be calculated, Thus, every
hfe table can be considered a point in a Euclidean space of 17

‘himensions, where cach coordinate axis represents the proportion

Jving in a particular age interval. A one-parameter set of model life
tibles is, then, a singly connected sequence of such points—a
fine” that is as close as possible to the observed life tables. The
! nited Nations model tables form a “line” that is derived by esti-
suiting a quadratice relation between the g, values in progressively

“lder age groups; other model tables have been caleulated from
e data used by the United Nations using a straight line in the

piee whose coordinates are log ¢.’s.' The factor analytic approach?

wwnmes that model tables can best be represented (at least for some

surposes ) as lying in an ellipsoid having more than one, buat fewer

b R Gabriel and Ilana Ronen, op.cit.
“ully Lederman and Jean Breas, “Les dimensions de la maortalité,” Population,
=114 { October—December 1934), No. 4.
i Bourgeois-Pichat, “Application of Factor Analysis to the Study of
stontadity,” in Milbank Memorial Fund, op.cif. pp. 194-299.
“oatdd Nations, Population Brunch, “Factor Analysis of Sex-Age Specific
etk Rates,” Population Bulletin of the United Nations, No. 6, 1962, pp. 149~
0l

(1)

than 17 dimensions. In the construction of model life tables by factor
analysis, three parameters are considered adequate for a close
representation of male and female life tables. The first parameter
{closely corrclated with ¢,°) by itself defines a line passing close
to the observed life tables; the other two can be viewed as speci-
fving commonly observed age patterns of deviations from the
principal line, To prepare three-parameter model life tables,
Bourgeois-Pichat proposes to select values of the second and third
parameters that caunse maximum expected deviations from the
central model tubles associated with variations in the first parameter
alone.®

The model tables presented here are based on a tendency that we
noted for the life tables bhased on accurate data to cluster around
four different lines, representing distinct age patterns of maortality
in certain geographical regions.

The four families of life tables were isolated as the resalt of
working with a preliminary one-parameter family of model tables
designed to represent the entire collection of 326 life tables, The
tollowing method was used to construct the preliminary model
tables: all of the ¢, values were ordered, from highest to lowest, at
each age. The values were then plotted as a function of order for
each age, and occasional erratic fluctuations removed by hand
smoothing. Preliminary model tables were then formed by putting
together mortality rates with the same rank. This system of con-
struction has the virtue of simplicity, and of symunetrical treatment
of mortality rates at all ages. That is to say, no particular rate or
rates are singled out as the basis for estimating others. The useful-
ness of the preliminary set of tables is questionable, however, be-
cause the 326 tables are so widely scattered about the “line” these
model tables formed, as we could see by examining two-dimensional
scatter diagrams.
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The next step was to cxamine deviations of individual Lfe tables
from the age pattern of mortality in the preliminary model tables.
The pattern of deviations was measured by the difference between
g. in the given table and ¢, in a model life table with the same
general level of mortality. The “comparison” model table was
selected by first noting the expectation of lite at birth in the model
life tables with the same ,q. as the given life table, at x = 0, 1, 5,
. .., 75. The median model table {the table with the median ¢.”)
was the “comparison” table. The graph showing .q. - (G ) inose
displays, for ready visual comprehension, the age pattern of mor-
tality relative to the age pattern in the model tables, in a way that
does not depend on the over-all level of mortality. Graphs of this
sort were constructed for all 326 life tables. The following general
observations emerged from an examination of the patterns:

1. Some life tables have large variations from the model patterns.
Large deviations were especially frequent under age 10 and over
age 60.

2. The biggest deviations were found in life tables where the
quality of the underlying data is suspect: life tables for Western
Euvrope prior to 1850; certain Eastern European life tables—-for
Russia in 1897 and 1926, for Bulgaria and Greece; and life tables
in underdeveloped countries in Asia, Africa, and Latin America.
In most of these tables, age-reporting in the censuses, and doubtless
in the mortality register, is inaccurate. The completeness of death
registration—especially for infants--—s uncertain.

3. Where data are known to be accurate, deviations are usually
moderate, Statistics that are comparatively free of age misstatement
and omission are found in some European countries since 1870, in
20th-century Canada, the United States, Australia, and New
Zealand. Unfortunately, these areas have a rather narrow rangc
of cultural diversity and doubtless represent a narrow sample ol
age patterns of mortality. It is of special interest to note, then, that
the life tables of Taiwan and the more recent Japanese life tables
both based on accurate data—conform as well as do European
tables to the preliminary model tables.

Two features of the deviations found within life tables based
on accurate data led to the construction of four separate families
of model tables; {a) The fact that the pattern of deviations is

often similar among life tables expressing the mortality of the s
population at different times, and (b) the fact that several grou:
of geographically linked populations exhibited similar patten
of deviations.

Figure 1 shows patterns of deviation in certain Scandinavian |«
tables; in tables from Germany, Austria, Czechaslovakiz, Polaw’
and North Italy: and in tables from South Italy, Spain, we
Portugal. Within each group the similarity of deviations is eaw®
visible, although from group to group the patterns differ,

On the basis of an examination of the patterns of deviations «
the 326 life tables for each sex, correlation matrices were caleulals
for various groups of life tables—zero-order correlations among
variables: log ,q. at various ages {(x =0, 1, 5,10, . . ., 75), an
expectation of life at age 0 and age 10. We experimented wi
nine principal sets of correlations for each sex: (1) tables befor
1870; (2) tables for Russia and certain Balkan areas: (3) tabl
for selected Central European areas; {4} tables for Scandinavis
countries; (3) tables for Spain, Portugal, and Southern Ttaly: (¢
tables for Switzerland; (7) tables for countries with reliable dut
not included in (3), {4}, (3), or (6); (8) tables reflecting me
tality when there is an unusually high incidence of tuberculow:
and {9} modern tables based on relatively inaccurate data- ps
marily from Asia, Africa, and Latin America.

The nature of the lifc tables underlying each of the “region:
mode] tables is as follows:

1. Tables underlying “Fast” model tables. The life tables +
Austria, Germany (including tables in 1878 and the 1890 &
Bavaria and Prussia), Czechoslovakia, North and Central It
Hungary. and Poland show deviations from the preliminary mos
life tables characterized by high mortality rates in infancy, av
increasingly high rates over age 30 (Figure 1, central pand
Switzerland’s life tables show deviations very similar to this gros
until 1920, although the early Swiss life tables have a less i
spicuous positive deviation in infancy. After 1920, the Swiss b
tables show zero or negative deviations in infant mortality. Hu
garian life tables exhibit substantial deviations in an age patts
indicating an extraordinary incidence of tuberculosis. Inclusie
of the Hungarian life tables lowers the correlation coefficients [re
age 5 to 35, but has little other effect, and they were omitted fros




he same
P roups
BN terns

s+ Hfe
Poland,
Bitl, and
. casily

stums in
shoulated
mn?lg 19
1, and
1] with
. hefore
i tables
=lmavian
E,\l\': (6)
e data
L7 MOT-
+reulosis:
fatu --pri-

cevional”

ribles of
s for
tab Ttaly,
v model
any, and
i panel).
s group
sy con-
saiss life
v, Hun-
' pattern
Iiclusion
snls from
ted from

CHAPTER

2. CALCULATION OF

MODEL TABLES
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Freure 1. Deviations of mortality rates in three regional collections of life tables (.q.) trom mortality rates in a prelimi-
nary model life table (,q."}. Selected tables for females.

the caleulation of the “East” model tables, as were the Swisg life

tibles, The tables in the “East” group include

+nf which 3 are from Prussia or Bavaria), 5 from Austria, 3 from
P'alind, 4 from Czechoslovakia, and 6 from North or Central Ttaly.

2 Tables underlying “North” model tables. The life tables of
sonway, Sweden until 1920, and Iceland deviate from the pre-

liminary model tables in having low infant mortality rates, and

rates that are lower than the model rates by an increasing margin

at ages bevond 45 or 50, Later Swedish life tables do not have this

characteristic pattern (Figure 1, left panel). In the life tables of all

three “North” countries from 1890 or 1900 to 1940, there are devia-

tions in the mortality rates from age 5 to 35 or 40 indicating the
(13)

13 from Germany
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CHAPTER 2. CALCULATION OF MODEL TABLES

Tasie X. Correlation coeflicients (times 1,000) of { — 1) with log ag., various collections of life tables, females and males

European Tables from Tables from “West™ “North” “East” “South”
tables Russia and Asla, Alrica, regional regional regional regional
Age x pre-1870 the Balkans  Latn America tables tables tables tables
Females

0 606 699 705 953 992 960 925

1 767 876 746 960 9%0 985 951

5 408 913 828 961 292 985 970
10 386 941 884 958 983 g0 9279
15 674 872 928 953 961 266 958
20 297 830 832 940 931 944 952
25 903 857 918 948 956 977 Q53
30 887 895 928 963 269 986 280
35 808 939 952 974 987 290 083
40 944 074 950 978 974 94 985
45 843 995 043 968 995 993 987
50 908 951 230 975 0974 993 980
55 601 447 762 963 990 991 986
60 594 826 891 973 983 494 989
65 629 726 879 962 983 o 984
70 547 641 880 937 968 988 975
75 528 307 699 869 927 969 948

Males

0 566 614 700 890 980 964 913

1 733 873 725 909 980 982 939

5 499 877 778 895 987 985 945
10 132 367 822 8§92 989 974 941
15 435 827 927 917 049 969 963
20 799 800 938 926 931 957 846
25 889 883 260 944 942 974 973
30 004 499 970 958 953 985 960
35 847 937 975 962 976 991 973
40 858 938 974 977 989 992 970
45 716 939 974G 970 996 987 975
50 694 202 948 966 990 980 933
55 707 288 920 918 969 972 972
60 790 805 206 9219 977 971 963
65 699 066 864 387 975 977 957
70 626 640 865 882 965 981 951
75 393 296 772 851 930 945 908§
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CHAPTER 2. CALCULATION OF MODEL TABLES

TasLe XTI (continued). Regression coefficients relating .g. and logi (10,000 ,q.) to e3° for regionzi model life tables, male and female coefficients 4,
afe = A. + B;en’; and 4, and B, in log (10,000 49.) = A7 + B, ei”)

“EAST> LIFE TABLES “SOUTH” LIFE TABLES
Female Female
Age (x) Az B, A, B, A, B. AL
0 0.78219 —0.011679 5.8529 — 0. 05064 0.52069 —0.007051 4 5097 —_
1 0.46584 —0.007284 7.2269 —0.08351 0.68268 —0.010453 5.9813 e 5
5 0.13739 —0.002136 6. 3204 —0.07590 0.17066 —0.002057 5.6479 -
10 0.07600 ~0.001166 5.6332 —0.06684 009000 —0.001380 5.1045 -
15 0.10067 —{.001529 5.5780 ~0.06295 0.12189 —0.001851 5.2384 —t
20 0.13039 ~3.001973 5.5872 —0.06081 0.15083 —0.002279 5.1708 ek
25 0.15401 —0.002335 5.6149 —0.06004 0.16073 —0.002412 50949 s
30 0.16%41 —{.002559 5.4593 —0.05616 0.16719 —0.002305 4.9291 i)
35 0.18184 ~0.002718 5.1881 —0.05000 0.17408 . 002583 4.8035 — 1
46 0.18535 --0.002718 4.8186 —0.04209 0.17278 ~{(1.002504 4 4917 -
45 0.19407 —0.002746 4.4509 —0.03368 0.17800 —0.002513 4.2693 — 1
50 0.24415 —0.003376 4.3702 ~0.02966 0.22639 —0.003140 4.1982 —
55 {34490 —0.004723 44480 —0.02807 0.30167 —0 004130 42724 . :
60 0.40585 —0.006651 4.4917 —0.02544 0.47682 —0.006501 4.4242 —t
63 0.68867 —0.008874 4.4702 —0.02152 067440 —0.008891 4.4354 —
70 0.88452 —0.010551 4 3759 —0.01640 0.92943 —0.011532 4.4348 -t
75 1.07727 ~0.011513 4.2972 —0.0119 1.16023 — 0. 013009 4.3542 —
Male Male

Age (x) Ay B, A, B, A, B, A/ .
0 1.07554 —0.017228 6.3796 —0.06124 0.61903 — 1. 008974 47096 -
1 0.55179 —0.009201 7.8944 —0.09934 0.70613 —0.011375 6.3246 —
5 0.15292 —0.002523 6.4371 —0.08076 0.16455 —0.002674 56400 —
10 0.06856 —0.001096 5.1199 —0.05978 0.07634 —0.001207 4 6810 — i
15 010060 —0.001578 4.9229 —0.05182 0.11449 —0 001810 4 6434 —
20 0.14725 —0.002312 5.1056 —0.05225 0.17104 ~0.002693 5 2748 o
25 0.15127 —0.002381 5.1036 — 005207 0.17171 ~0.002710 5.1168 i
30 0.17022 —0. 002686 5.1685 ~0.05244 0.16483 —0.002535 4. 8439 —
35 0.20786 —0.003277 5.1986 —0.05131 0.17905 —0.002734 4.7660 =
40 0.24876 —0.003868 5.0221 —0.04577 0.20606 —0.003081 4.5796 —
45 0.28685 —0.004320 4.6915 —0.03697 0.23208 —0.003370 43539 —
50 0.32023 —0.004654 4.3492 —0.02767 {.28000 — 0. 003917 4.19138 -0
55 0.38906 -~ .005243 4.1849 —0.02171 0.35245 —0.004765 4.1492 2
60 0.49337 0006341 41647 —0.01842 0.49465 —0.006569 4.2479 i
65 0.66168 —0.008182 4.2173 —~0.01634 0.66947 — 0. 008608 43069 s
70 0.84188 —0.009644 4.217 —0.01324 0.89759 —0.010843 4.3251 b
75 1.03876 —{.010780 4 2155 —0.01035 1.16111 —0.01180G6 4 2684 —ls
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and B, in

B f

-0,
-0.
-0.
-0.
-1
-0.
-0,
-,
-0,
-0,
-0.
-4
-0,

-4

-}

0

-1,

02566
05532
06136
05537
(15494
05171
(349435
(34590
04280
03615
03092
02717
02588
02491
02190
01775
01296

B/

02980
06433
(06389
05008
05170
05458
05152
04547
04292
03738
03116

1.02547

L02193

(1.02063

1863
01552
(01123

CHAPTER 2. CALCULATION OF

The first survival rate is the proportion surviving to the end of a

ie-year time interval of persons born during the interval, esti-
aled as
‘e beginning of an interval (and over 80 at the end), estimated

sLu /51, The last sarvival rate is of persons over 75 at
TSD/TTE-

§. Both male and female tables are calculated by regression of

. on e, The values of e,,° that were used as the independent
viable in constructing the female tables were chosen so as to

ne even 2.5-yvear intervals of ¢,° from 20 to 77.5 vears. The values

) ¢ for males were chosen so as to correspond with the female

s in a way that preserves the typical relation of ¢,,° for males
1l females at each level of mortality within each family of lite

t:bles. The relationship posited was as tollows:

(e — (o) = " [lead”)y — (ea®)]

ay

here oy, and o, are the standard deviations of expectation of life

' v 10 for males and females. This expression is the equation tor

lw straight line with a slope intermediate between the regression

Ui ) on (%), and the inverse of the regression of (e,,%); on
. ),,L The correlation between e,,° for the two sexcs is more than

71 in all instances, so that the two regression lines arc almost

Jenlical,

" Single year values of I, for ages between 1 and 5 were deter-
med after I, at ages 1, 5, 10, ..., 80 had been calculated
the methods already described. These values are given in Table
at end of Chapter 3. The method of calculation was te determine
ohts (as, ay, and «) so that I; could be estimated as ol -

a1l Constant values of «; were used when .g. > 0.100, as
dlows:
Females Males
@2 [15] 'y an (233 oy
West? 489 L2600 J112 484 258 S110
~*North" .589 L3330 145 584 .33 143
fast” AT3 L2499 Jto2 466 244 J103
“South™ (457 .207 075 458 .208 074

low levels of infant mortality (,g. < 0.100) variable weights,
were used, of the form o = «; - b; (0.100 — go).

(23)

MODEL TABLES

The values of b, were as follows:

b2 b3 b
For females 0.G650 0.601 0.370
T'or males 1.353 1.08% 0.571

THE TSE OF TWO RECRESSIONS IN CALCULATING IN MODEL TABLES

There are two considerations that make questionable the use of
regression cquations in constructing model life tables: (1} A
regression of a particular functlonal form (linear, quadratic,
logarithmic, etc.) often fits the data better over some parts of the
range of observations than others, and often represents the data
pom]v at extremes, and may in particular provide an implausible
exbension or extr apohtlon of 1cl¢1t10m}nps beyond the range of ob-
servations; (2) “least squares” regression equations of any given
functional form establish two relations between any pair of
variahles, as each is considered the independent \armble, and the
other dcpendent In an cstimation of one variable from a known
value of another, the use of one variable as dependent and the
other as independent is clearly appropriate and there is a logical
reason for employing one regression rather than the other. But
there is no logical basis for scledmé one mortality rate or another
as independent when trying to cstimate a sct of mtelrelatxonshlps
among mortality rates at different ages. In the original United
Nations model life tables, the selection of g, as the sole purely in-
dependent variable, and the calculation of a chain of regressions,
with each mortality rate first being a dependent and then an in-
dependent variable, created a tendency (because of the well-
known “regression toward the mean”) to incorporate less of the
observed range of variability at higher ages than at lower ages.
A regression chain starting at the hlghest ages and ending with
1o would have been o ]uaﬂv plausible, and would have produced
somewhat diflerent model tables.

The use of two lincar regressions (logarithmic and non-logarith-
mic) and the selection of ¢,,° as the index of mortality (the in-
dependent variable in calculating mortality rates for every age
group) result in a procedure that lacks elegance, but takes account
of the considerations stated in the preceding paragraph.

The expectation of life at age 10 is an approximatc general index
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CHAPTER 2. CALCULATION OF MODEL TABLES

‘PapLe XII Correlation coefficients (limes 1,000} between (—e10°) and .g, and between (—¢1,°) and log .g. in life tables

underlying model life tables “West,” “North,” “East,”’ and “South”

CWEST”? CNORTH? “EAST? HSSOUTH»
Females Males Females Males Females Males Females Males
Agex nge log age  wge log g s log afe ags log age  age 10g wf: age 102 a9.  wfe l0g wG: nfe lOg ug.

0 947 953 907 890 978 992 977 980 350 G60 963 9064 912 923 880 913

1 904 960 906 909 984 990 979 980 960 985 970 982 972 951 900 939

5 917 961 884 895 984 992 980 987 954 985 963 985 930 970 856 945
10 866 958 842 892 990 985 986 989 978 980 980 974 931 97¢ 897 941
15 948 953 935 917 982 961 947 949 974 966 984 969 996 958 957 963
20 977 940 949 920 975 931 930 931 982 964 968 957 982 952 940 946
25 984 048 971 044 979 956 959 942 993 977 984 974 981 955 965 973
30 983 963 976 934 987 969 984 953 991 986 901 985 992 980 963 960
35 980 974 977 962 995 987 994 974 990 990 941 991 996 983 986 973
40 978 978 976 77 993 974 989 989 991 994 988 992 992 985 984 970
43 964 963 962 970 993 995 974 996 993 993 985 087 990 987 976 973
50 970 975 957 966 970 974 260 990 993 993 940 980 959 980 931 933
55 936 963 911 918 964 990 942 969 988 991 969 972 074 986 953 972
60 969 973 924 919 050 983 945 977 091 994 971 971 968 989 955 963
65 967 962 891 887 9537 983 9530 975 990 991 978 977 974 984 953 957
70 945 937 887  HE2 949 968 946 965 989 988 985 981 969 975 952 951
75 874 869 837 851 908 927 914 930 967 969 949 945 943 948 905 908

v eression at expectations of life at age 10 above—to the right of
the seeond intersection.

FHINATION OF LIFE TABLE VALUES OTHER THAN wlfu

P weights (K, and &, the “separation factors”) that relate ,L, to
! and 1, and L, to I, and &, can be shown to equal the age at
“4oath of those members of the lile table population who die under
v b (for ki), and the age at death minus 1 of those who die
chween ages Ito 4 (for ky ). The values of the factor &, were there-
tere cletermined by examining the average age at death under 1
<+t in the records of the populations whose mortality experience
- the basis for the four regional model life tables. No consistent
“anation in average age of infant deaths was found at infant
woatality levels above 0.100, nor any consistent differences among
e Tregions,” except that k. for “East” infants was consistently less

(23)

than in the other “regions,” and k, for males was generally slightly
less than for females. When g, is very low- -in the range from
0.015 to 0.100—there is a clearly apparent tendency for k, to vary,
because at very low levels of infant mortality infant deaths are
much more concentrated immediately after birth. This tendency
was represented by allowing k, to rise linearly from a typical level
at the lowest observed infant mortalities until at g, = 0,100 it
reaches the plateau typical of higher infant mortality.

The valie of k, in the expression Ly = k.l + (4 — k)l was
determined from the estimates of 1., I, and I, given in Table XV at
the end of Chapter 3. In fact L, was calcunlated on the assumption
that /, can be considered linear in cach single-ycar age interval
from 1 to 5 thus &k =05+ a -+ oy, when L =al 4+
(1 — )L, ete. Each «; was based on the relation of I; to [, and I
observed in the life tables upon which each family of model tables
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Values of .q. in female life tables with highest and lowest e,°

among life tables in the C()]]PCLIOHS underhy-

ing the four families of model life tables compared with values of .g. in life tables with the same e,” of the correspond-

ing model.

was based. As with k,, it was noted that when g, > 0.100, the
values of each a; showed no tendencey to vary as a function of the
level of mortality, although at levels of mortality below 1y = 0.100

an avecrage typical of the set, and differing from the av
value of o, for the other

“regions.”

In other words, each 1

there is a tendency for the deaths from age I to age 5 to be more
evenly distributed, and for I, in this range to be more near ly linear

Hence at low levels of mortality, each «; was allowed to fall a

1o increases in a manner dm]ngous to the rise in k.. The -'alues
of ., a,, and a, are somewhat different in each region. It is reassur-
ing to note that when ¢, > 0100, the «;s observed in the life
tables underlying each regional set of model tables clustered about

has a distinctive pattern of mortality from 1 to 3, as well s
other ages.

The tormula for expectation of life at age 80 is hased on .
fitted to observations in 70 life tables (35 for males and
females) from the Netherlands, Norway, Sweden, Switzet:
and Japan. These tables were sclected because age reporting =
census and mortality records in these countries for person:
80 appeared especially trustworthy.
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Ticure 2 {continued)

VALUE OF FOUR FAMILIES OF MODEL LIFE TABLES

"1 separate families of model life tables provide estimates that
Wi judgment are quite reliable when utilized judiciously for
i+lations within the areas upon which each family of model
th iy based. This point is iflustrated by Figure 2 in which the
ity rates in the highest and lowest mortality tables {for
fes)in each group are compared with the mortality rates in
miodel table with the same expectation of life at birth. Figure 3
oo how the four female model tables differ at various levels of
I'he closeness of fit encourages us to belicve that the “East”

5

cuihoof age patterns of mortzi]ity provides a better basis for

estimating life tables in, for example, Poland or North Italy than
would onc of the other families, or a single collection of life tables
such as the United Nations’ models, We also feel {with less con-
viction) that the extrapolated model life tables approximate the
different patterns of mortality that likely prevailed or will prevail at
life expectancies below or above the range of observed experience
within the regions cavered,

A part of our motivation in constructing these families of model
life tables was to provide a rescarch tool that promises to be useful
in our own program of studying population change in the provinces
of Europe during the period of the so-called demographic transi-
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of m(a), higher than the second have little effect on the relation hetween
fertility and the intrinsic rate of increase. This is an empirical property
of the age schedules of human femnale fertility. The form of fertiliry
schedules has only limited variability. In all populations where reliable
records have heen kept, ferility is zero until about age 15, rises smoothly
to a single peak, and falls smoothly to zero by age 45 to 50, The mean
age of the fertility schedule is usually between about 26 and 33 vears.

Variations in the form of the age schedule of fertility occur be-
cause of different customs governing age of cohabitation, the use
of contraception or abortion, etc. But in all schedules the higher
moments about the mean are not large enough to affect », and there
is such a pearly constant relationship of the variance to the mean
that knowledge of the gross reproduction rate (the area under the
maternity schedule) and the mean age of the schedule is sufficient
to estimate r with a very small margin of error.

Although variations in the higher moments of the fertility sched-
ule are not important in determining r, the mean age of the fertility
schedule has a strong influence on the rate of increase, especially
when fertility is high For example, with the same mortality
schedule (“West” females, ¢,* = 50 years), a GRR (the gross
reproduction rate) of 3.500 connotes an r of 0.0363 when m = 27
vears, and of only 0.0281 when m = 33 vears, Thus cach stable
population is consistent with a different GRR for every different
mean age of the fertility schedule, and there is included with each
stable population four GRR’s, appropriate to mean ages of 27, 29,
31, and 33 years.

The fertility schedules with mean ages of 27, 29, 31, and 33
years arc scalar multiples of basic schedeles having these mean
ages, and a GRR of 1.000, The four basic schedules were obtained
in two steps: (1) Schedules from the large collection of national
age-specific fertility rates in the United Nations Demographic Year-
book of 1959 were selected in groups having mean ages of about 27,
29, 31, and 33 years, All schedules were divided by total tertility so
as to yield “maternity” schedules with a GRR of 1.000. (2) Svothetic
(“basic”) schedules with mean ages of exactly 27, 29, 31, and 33
vears were constructed by taking weighted averages of the selected
'A J. Coale and C. Y. Tve, “The Significance of Age-Patterns of Fertility in

High Fertility Populations” The Milbank Memorial Fund Quarterly, Vol. 38,
No. 4 {October 1961},

(30)

schedules with mean ages near these values. The four basic
schedules are shown in Table XIIL

‘FaBLre XIII Fertility schedules (annual {emale births per woman in -
age group) with mean age equal 27, 29, 31, and 33 ven

Annual female births per woman

Age group moe= 27 mo=29 o= 31
15-19 029 018 008
20-24 035 042 032
25-29 054 036 154
30-34 37 044 050
3539 020 (028 L34
4 44 04 010 g
45-49 .0m 002 04

GRR 1.400 1000 1 000

In the “growth rate” set of tables, the values of r were .
{—0.010, —0.005, . . ., +0.030), and the caleulation needod
to find GIRR for m = 27, 29, 31, and 33, This calculation was :
by evaluating the integral in equation (7):

GRR () :

, e Ll pla) da
where m'(a) is the basic maternity schedule, with the given
age, and GRR = 1. Equation (7) follows from the fact that:

- W - Y "
K f e htalnlal da = 1

0
where K is the scalar multiple relating the fertility schedule
the GRR in guestion to m’(«), which by definition has a Gl
1.000.

In the “GRIY” tables, the “given” quantity is the gross repro
tion rate, where m = 29 vears, It was necessary to calculate
implied by this given fertility schedule and the relevant mon
schedule, v was calenlated by a recursive method. An estin
value (#') was substituted in the integral in equation (2).
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vond {more accurate) estimate () derived from the divergence
i the integral from unity.!* Iteration was employed until the
mregral in (2) differed from unity by less than one part in a
titlion, The value of the gross reproduction rate for 1 other than 29
-+ then caleulated by equation (7).
Il death rate was taken as the difference between b (equation
i) and r. It was also calculated by summing the age-specific
L ih rate {ymg) for cach interval multiplied by the proportion of

v 1. Couale, “A New Method of Estimating Lotka’s r,” Population Studies
oandon), Vol. 2, No. 1 {July 1957), pp. 92-94. ' _

i first approximation was obtained by the formula » = (logli;‘)/

0.7 log Ra) which is based on these Consideraiiions: {a) r = (Ligﬁﬂ/'};

ST = gy —YBur 4+ ..., and (¢) we/2u = 0.7 for human fertility sched-

i I'his value of +* is so close to r that the integral in equation {2) usually

aals 1.600 == .00001.

(31)

the population in cach interval; and after an inspection of rates
thus computed over a wide range of mortality and growth rates, it
appeared that the two methods of caleulation would rarely, if ever,
produce different results within the decimal places printed. These
products (proportion of population times age-specific death rates)
are the basis of the age distribution of deaths that is printed with
each stable age distribution.

The average age at death was calculated by summing the propor-
tion of deaths in cach age interval multiplied by the mean age at
death in the stationary population of those dying in the interval,
This mean age is equal to k, for deaths under age 1, and to 1 + &,
tor deaths to persons 1 to 5. The mean age was assumed to be the
midpoint of each five-year interval from age 5 to 80, and is 80 4 ¢5,°
tor persons dying over age 80.



CHAPTER 3. USES OF THE TABLES

A. MODEL STABLE POPULATIONS

TABULATION OF STABLE POPULATIONS

The large number of parameters tabulated for each stable popula-
tion, and the large number of age distributions included in this
volume are designed to make the tables as widely useful as possible,
given the limitations inherent in the data upon which they are
based.

The scheme of tabulation is designed with two considerations in
mind: (a) to provide stable age distributions for the full range of
mortality and fertility levels likely to be relevant either in fitting
the tables to ohserved data, or in analyzing the hypothetical con-
sequences of fertility and mortality schedules; and (1) to tabulate
values at small enough intervals so that lincar interpolation s
sufficiently exact.

There are two overlapping sets of stable population tables giving
intormation that is to a large extent duplicated. Each set of tables
includes a page of age distributions (and also a page of age dis-
tributions of deaths) for every model life table. In the first set of
tables (the “growth rate,” or “z,” tables) the basic index of variation
for a given mortality schedule is the rate of increase r; and in the
second set (the “GRR” tables), the index of variation is the gross
reproduction rate. In the first set, stable age distributions with
intrinsic rates of patural increase from —0.010 to +0.050 are
provided, at intervals of 0.005 in r. The variation in GRR {m =29
vears) in these tables is from 2.39 to 12.16 when ¢, = 20 years, and
from 0.78 to 4.09 when ¢, = T7.5 vears (“West” mortality ). Com-
binations of very rapid growth and high mortality are clearly im-
possible, because of the impossible level of fertility implied. Age
distributions with GRR’s above 4.0 or 5.0 will not be used very
often, except for illustration,

The second set of tables provides age distributions for every life

(32)

table with gross reproduction rates (when m = 29 years ) tla
from 0.800 to 6.000 in increments that become larger at i
levels of fertility. The growth rates implied vary from -~ 0.
0.0233 when o,* = 20 vears, and from —0.0082 to 0.061;
" = T1.5 years {"West” mortality ). The distributions repres
combinations of very low fertility and high mortality, and
high fertility and low mortality will doubtless be nsed VeTy i

The two sets of tables cover slightly difterent universes of fe
mortality combinations. The user should note that at high I
mortality (short expectation of life} the “growth rate” set i
higher fertility Tevels, and the “GRR” set covers lower It
levels. At the other end of the mortality scale {low mortali:
life expectation) the two sets start at about the same low f
boundary, but the “GRR” set extends to higher fertility levels
purpose of providing two sets of tables is to make analysi
interpolation more convenient. The user will find the “orowth
set of tables more convenient in exploring the implication.
example) of different recorded intercensal rates of increase
the “GRR” set more convenient in analyzing the effects of dift
levels of fertility,

MULTIPLE INTERPOLATION IN THE STABLE AGE DISTRIBUTION A

In using these tables, it is essential to recall that each stah!
distribution is the consequence of a mortality schedule and a ¢
rate, that there are a variety of parameters (birth rate, death
mean age) that are implied by each distribution, and that al:
is implied about tertility in any age distribution is that the schr
must be one of many possibilitics having an appropriate com
tion of GRR and 7.

In the universe of stable age distributions associated with
one of the tour families of model life tahles, it is possible to &
a unique stable population from knowledge of two non-redus
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parameters, such as the birth rate and e,*, the ratc ot increase and
.7, the proportion under 20 and the rate of increase, or the average
age and the death rate. However, it must be borne in mind that
measares of total fertility (such as the GRR) do not constitute in
themselves an adequate parameter in identitying a unique stable
population, but must be supplemented by the mean age of the
fertility schedule, and by some other variable as well.

An appropriate stable age distribution can be located by a
process of interpolation (more than one is usually required ), which
v illustrated in the following examples:

Example (1), What is the proportion under 30 in the male
“lable age distribution with "West”™ mortality, e, = 21.60 years,
¢ = 001127

First find by linear interpolation in the “growth rate” set of

West” model age distributions that at mortality level 2(e,” = 20.443
tor males)' the proportion under 30 is (0.24)(0.7354) 4 (0,76}
0.7038) = 0.7114 when r = 0.0112; and at level 3(e,® = 22.851 for
ales) the  proportion wnder 30 is (0.24)(0.7220) 4 (0.76)
(1.6891) = 0.6970 when r = 0.0112. Then, interpolating between
these two values, we find that the proportion under 30 is (0.5193)
NT114) 4 (0.4505) (0.6970) = 0.7045 when ¢,° is 21.60. This proc-
< has Tocated a stable age distribution that lies (horizontally )
Litween columns headed “10.07 and “15.07 and (vertically ) between
paves headed “mortality level 27 and “mortality level 3.7 By other
miterpolations of this sort, other parameters of this stable population
.1 be found. Thus, the birth rate of the stable age distribution in
cpiestion is 80,75 per thousand, the death rate 49.55, the mean age

“ vears, et

Fxample (2}, What is the female intrinsic birth rate, death rate,
aul rate of Increase im a population with a GRR of 1693,

26.432, and e, = 734 vears (U.S. temales, 1962)7

By extrapolation in the colurn headed "CRR = 1.7507 (m = 29

n~ 3 in the second ("GRR7) set of madel “West” female tables,
v the page headed “mortality level 227 (0,7 = 72.5 vears), it is

and that GRR = 1.667 when m = 26.432. Similarly, in the column

espectation of life at birth is indicated directly on the first set of age

vibutions as Pop. size, B0} = 1, for r= 0, becanse of the well-known
Pilat in a stationary population, expectation of life at birth is the reciprocal
Lo birth rate.

USES OF THE TABLES

headed “GRR = 2.000” it is found that GRR = 1.883 when
m = 26432, By interpolating between the values of b and r for
these two stable populations, it is found that when GRR = 1.695
(m == 26432), b = 2593 (per thousand), and r = 1869 (when
et =7235). A parallel caleulation on the page hcaded “mortality
level 237 (e,° = 75 vears) gives b = 2575 and r = 19.25. By a
final interpolation (for e,® = 73.4 years} the desired b and r arc
found to be 23.87 and 18.89 per thousand. The intrinsic death rate
is, by subtraction, 6.98 per thousand. The published values (cal-
culated from the actual US. fertility and mortality schedules for
1962 rather than from these “model schedules”™) are 25.8, 18.8, and
740 respectively.®

ANALYTICAL USES OF THE STABLE AGE DISTRIBUTIONS

These extensive tables of stable populations can be used to illustrate
relationships among demographic variables, since the stable popula-
tion shows the ultimate implications of a fertility and a mortality
schedule, For example, a comparison of the intrinsic rates of births,
deaths, and natural increase for U.S. females in 1962 (25.87, 6.98,
18.89 per thousand as caleulated above) with the corresponding
observed values for the female population {21.34, 8.07, and 13.47
per thousand ) shows that the age structure of the female American
population causes a lower birth rate and higher death rate than
would the age distribution implicd by the fertility and mortality
schedules themselves. This comparison (of crude and  intrinsic
rates) was much emphasized in the 1920 and 1930°s when the
crude rate of increase in Western countries was well gbove the
Intrinsic rate. )

Table NIV shows that the interplay of mortality, fertility, and
age composition can be illustrated by numbers extracted from the
model stable populations. Note, for example: the small cffect of
mortality and the large elleet of fertility on the mean age of the
population; and the existence of a minimum death rate with cach
life table  a minimum that vccurs at a GRR between 2.00 and 2.50

1.5, Departinent of Health, Education, and Welfare, Tublic Health Service,
National Vital Statistics Division, The Vitel Statistics of the United States,
1962, Vol. 1. Natality, pp. 1-6.
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when e,% = 20, between 2.500 and 3.00 when ¢,° = 30, between
3.00 and 4.00 when e,° = 50, and above 4.00 when e,¢ = 70 years,®

'SE OF TIIE STABLE AGE DISTRIBUTIONS TO ESTIMATE DEMOGRAPHIC
PARAMETERS IN POPULATIONS WITH HISTORIES OF CONSTANT
FERTILITY AND CONSTANT OR GRADUALLY CHANGING MORTALITY

'he immediate purpose of calculating the preliminary version of
these tables several years ago in the Office of Population Research
was to estimate birth rates, death rates, and approximate age dis-
tributions in research on populations for which there were only
scomplete or inaccurate data. Euler proposed estimation by meth-
nds such as these in the article cited eartier. In 1907, Lotka noticed
how closely the stable age distribution implied by the life table
ud rate of natural increase of England and Wales fitted the actual
v distribution; and since World War 11 there has been a revival
ol interest in the stable population because of evidence that age
Aitributions in the so-called underdeveloped arcas are not very
Aidferent from stable age distributions. Various techniques have
feen employed to select or caleulate a stable age distribution best
btting the data available. Once a stable age distribution has been
wlected, its characteristics can be assumed to approximate those
1 he popu}ation in question.
fhree examples illustrate this use of the tables.
Paample (1), Given the female age distribution for England and
ales in 1881, and the fact that e,° was 44.62 in 1871-1880,
innate the birth rate for the years preceding the census, on the
nniption that the age distribution approximates the stable.
I'he curnulative proportions of females in the 1881 census to age
[0, 19, 20, 23 and 30 are 0.1332, (.2516, 0.3365, 0,4524, 0.54386,
n b 0.6236. These proportions are utilized with the given e, to
4. by interpolation, a sequence of female “West” stable
palutions, having the following sequence of birth rates: 33.6,
P340, 34,0, 34,3, and 34.7 per 1,000,

« ~lable age distributions are used to illustrate various other interrelations
| Coale, “Birth Rates, Death Rates, and Rates of Growth in Human
w:bnons” Symposium: Rescarch Issues in Public Health and Population
. Craduate Schoo! of Public Health, University of Pittshurgh (to be
Lty and in a fortheoming book by Coale on how age distributions are

v,

(35)

For comparison, the female registered female birth rate in
1851-1860 was 32.63; in 1861-1870, 33.5; and in 1871-1880, 33.7.
The rates adjusted for under-registration by Glass* for these periods
are 34.0, 34.2, and 34.0.

Example (2). Estimate the birth rate, death rate, ¢,°, and age
distribution for India, 1911, from the reported age distribution, and
the intercensal growth rate.

Age distribution in the Indian censuses are characterized by ex-
treme age-heaping and other indications of faulty data. In addition
to the misreporting of ages, it is also likely that persons in some
age intervals are subject to exceptional under-cnumeration. Hence,
the birth rate and the expectation of life at birth estimated from
the rate of increase and the proportion cumulated to age 3,
10, .. ., 35 are not nearly as consistent as in 19th-century England
and Wales,

Estimates of the female birth rates in India based on (a) the
proportions 0-b, 0-10, . . ., 0-35, {b} the intercensal rate of in-
crease 1901-1911, and (c¢) “West” model age distributions are 44.8,
54.8, 49.7, 439, 45.0, 48.2, and 52.6 per thousand. The values of ¢,°
in these stable populations are 26.3, 21.3, 23.3, 26.8, 26.1, 24.3, and
22.1 years. These varving sequences of estimates reflect the con-
spicuous relative under-counts of ages 0-4, 10-14, and 13-19 that
are seen in a comparison of the “West” stable age distribution that
has the same proportion under 35 as in the census, and the inter-
censal rate of increase (Figure 4). This example illustrates how
wide is the range of uncertainty in making estimates based on
censuses of illiterate populations. Moreover, there is an additional
uncertainty as to whether the “West” pattern of mortality is ap-
propriate. Estimates bascd on the proportion to age 35 and the
intercensal rate of increase in “North,” “East,” and “South” model
age distributions are 554, 67.2, and 644 per thousand for the
birth rate (instead of 52.6 in the “West” distribution), and 21.0,
16.5. and 17.5 vears for ¢,° (instead of 22.1). There is some reason
for believing that the “West” table is the most likely choice at such
a high level of mortality. In spite of the obvious uncertainties, we

DV, (:l;s “A Note on the Under-Registration of Births in Britain in the
19th Century,” Populgtion Studies (london), Vol 5. No. 1 {July 1951}.
pp. T0-88.



FEMALE AGE DISTRIBUTION, INDIA, 191i

PROPORTION
IN FIVE-YEAR

AGE - GROUP

00882

 'WEST" STABLE POPULATION, PROPORTION UNDER 35 =.7316, T
INDIAN CENSUS, 1811

04
03
o2 -
Ol

.09 |
jal:]
ord
.06
05

40 45 50 55 B0 65 age

35

15 20 25

o]

Fieure 4. Female age distribution in India, 1911, as recorded in census, and approximated
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0.00392.
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feel that 2 minimum estimate of 49-51 for the hirth rate, and a
maximum estimate of 22-24 for ¢,° is warranted.

The 1911 age distribution of India has been taken as an example
rather than data from a morc recent census because the 1921 age
distribution was affected by the extraordinary influenza epidemic
1t began in 1918, and hecause post-World War I age distributions
live been affected by declining mortality. Declining mortality
vhanges the age distribution in a way that lowers the estimates of
Birth rates. If the decline is gradual, the effects may be ignored,
ind the resultant estimates can be uscful, even if slightly biased.
e effect of declining mortality has been discussed briefly in two
weent artieles” and will be analyzed more fully in a manual that
e Office of Population Rescarch is preparing for the United
“ations,

Fxample (3). Estimate the birth rate for England and Wales for
1%71-1880 from the age distribution of deaths and the rate of
natural increase.

I a pioneering article on estimating vital rates by stable popula-
fwn analysis, Bourgeois-Pichat suggested using the age distribution
4 deaths® as a means of identifving a stable age distribution closely
iting the population in question. Even if the registration of deaths
- incomplete, deaths as registered may be reasonably representative
n their distribution by age of actual deaths, at least at ages above
mbaey, The age distribution of registered mortality provides a
veans independent of population censuses of selecting a stable
v distribution. The proportion of the deaths over age 5 among
fonales in England and Wales that occurred over age 30, 50, and
- was 0.766, 0.552, and 0.357. Given the female rate of natural
sorease i 1871-1880 (0.0140, adjusted for under-registration of
taths), and interpolating in the tables showing the age distribu-

|- Coale, “Estimates of Various Demoyraphic Measures Through the Quasi-
Hle Age Distributions.” Milbank Memerial Fund, op. cit; Paul Demeny,
“enation of Vital Rates for Populations in the Process of Destabilization.”
w1 presented at the June 1964 Mectings of the Population Association of
vt to be published in Demography ( Chicago 1963) Vol, 2,
foonmeois-Pichat, “Utilization de la notion de population stable pour mesurer
satalite et la fécondité des populations des pavs sous-développés,” Bulletin
Utostitut Infernationgl de Statistigue (Stockholm 1938}, Vel 36, Part 2,
b2
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tions of deaths, the following estimates of the birth rate are ob-
tained: 33.3, 33.8, and 33.3. Note how closely these rates compare
with those derived in an carlier example.

B. USE OF MODEL LIFE TABLES,
BY THEMSELVES,
OR WITII MODEL STABLE POPULATIONS

The four familics of model life tables are closely representative
of age schedules of mortality in the “regions” upon which they
arc based, with these provisos: (a) Any extraordinary incidence of
a cause of death that is highly age-and-sex specific produces a
mortality schedule that naturally does not conform to the model
tables. Examples arc Norwegian mortality at the turn of the
century, when tuberculosis was an extraordinary cause of death,
populations affected by the influenza pandemic of 1918-1920, or
populations expericncing heavy military casualties. (b) The most
recent life tables in many countries have male mortality rates over
age 45 or 50 higher than in the corresponding model tables, (c)
Within the large residual “region” —the “West”—there are popula-
tions with more deviant mortality patterns than in populations in
the other “regions.” (d} In all of the model life tables, the person-
years lived beyond age 80 is a very rough estimate, so that the
expectation of life above 65 or 70, and also the survival rates for
projecting the oldest age group are less firmly based than corre-
sponding figures at earlier ages.

Subject to these reservations, the model life tables may be used
as substitutes for tables caleulated by the usual actuarial methods
in applications involving populations within the “regions.” This
substitution is especiallv useful for standard demographic calcula-
tions, such as population projections.

Recently, for example. a request came to the Office of Population
Research to estimate the growth of world population until the end
of the 20th century, on the assumption that the female expectation
of life at birth rises contimuonsly to about 66 vears by 1990 and
that fertilitv falls continuously fo a level that in 1990 would give
a net reproduction rate of 1.000 —exact replacement of the maternal
generation. To obtain an approximate answer quickly, we took
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note of recent estimates that the rate of increase of the world
population in 1960 was about 20 per thousand, and that the world
birth rate was about 40 per thousand; assumed that the age dis-
tribution of the world population in 1960 conformed approximately
to the “West” stable distributions; located the model distribution
with this birth rate and rate of increase; and assumed that the
corresponding model life table described world mortality in 1960.
From the model age distribution, it was also possible to read the
ratio of births/women 15-44. The next step was to estimate ¢,° for
the vears 1960-1965, 1963-1970, . . . , 1995-2000 by lincar inter-
polation (arriving at 66 in 1990 and thereafter constant) to read
the ratio of births/women 15-44 for the stationary population with
e, = 66, and to interpolate values of this ratio for 1965, 1970, . . .,
1985. Thus, with little labor, we obtained the ingredients for a
standard population projection by five-year survival rates, and a
general fertility rate instead of age-specific fertility rates. Although
the result is not very precise, it cannot differ much from what would
be obtained by alternative approaches to a question that calls for
only an approximate answer. {The projection showed the world
population growing from 3 billion in 1960 to about 5.5 billion in
2000 under the stated assumptions. )

The model life tables can be used in selecting an appropriatc
mode] stable population. Sometimes mortality estimates for only a
restricted age range are available. William Brass has devised a
way of cstimating survival rates for children to age 1,2 3 and 5
from the proportion of children-cver-horn reported as surviving
by women 153-19, 20-24, etc.” The availability of these estimates
makes it possible to select a mode! life table (in any of the four
families, or in all four, to illustrate the resulting variations) on the
basis of the value of [,, I, I.. I,, and [, given in Table XV at end
of this chapter; and if conditions warrant the assumption that the
population has approximately stable characteristics, knowledge of
only one additional parameter - say the proportion of the population
under 20--would serve to fix the choice of a model age distribution.

"William Brass, “The Construction of Life Tables from Childhood Survivorship
Ratios,” Unien internationale pour Pétmde scientifique de la population,
International Population Conference; Congrés Internationel de la Population,
New York 1961, London 1963, Vol. 1, pp. 284-301.
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C. GLOSSARY OF SYMBOLS
USED IN TABLES

GENERAL REMARKS

The main body of this volume consists of photographic
tions of computer tables. Limitations on printout format. ..
some peculiarities of the notation, in particular the exche
of capital letters. Readability and mnemonic convenienc
than formal clegance, were sought in designating the varion. -
printed in the tables. A description of these designations
belove. First the svmbol is shown as it is used in the tald
lowed by the conventional notation, if any, in square brach:
a brief explanation of the meaning of the svmbol.

NOTATION IN MODEL LIFE TABLES
QIX)
D{X)

er(f;j
|hd&

Probability at age x of dving before reaching ape

Number of deaths between age vand x 4+ zoutol
cohort of 100,000,

M{XD  [am,] Death rate in the life wble population {(numbe:
per person-years lived) between age v and x = ».

Xy ]

Number of survivors at age v out of an original .
100,000,

LX) Number of persen-years lived between age vand .
an original cohort of 100,000, This column give
distribution in a statonary population with 100,60+

births and deaths.

The propertion of persons in a given five year age -
the stationary population alive five vears lun
however that the entry afler age zero in this o
P{BIRTHI, ";L,/5); and that the cntry alte
Pi0-4), [:L;75L0]; and that the entry after age 7h
T3, Tans T4

PiXO

Number of person-years lived at age v and o
original cohort of 100,000,

Average number of vears remaining o be lived e
of life) at age v,

In the first and last columns of the Hfe tables the exact age
1, 5 ..., 80 are shown. Note that the width of age i’
denoted by the subscript n in the conventional notation is i
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“#1 annual

Sgroup in
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column s

age 1 0s

SR/
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(- implicit
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ai the sequence of these exact ages. Thus the width of the first
miterval Is one year {between cxact age 0 and 1}; the width of the
ccond interval is four years {between exact age 1 and 5}; and
trom then on the width of interval is five years up to age 80. The
Lok tine of the tables refers to the “open™ age interval of exact
e 80 and over, except for columns 1, P, T, and E, where the con-
~pt of interval is not applicable.

SO PATION IN MODEL STABLE POPULATIONS

2 Symbols in Column Headings

i

Yymbols tn Stubs
il

LIRTH RATE, DEATH RATE

L ROWTH RATE

CRRO(M)

L (M)

e, 1544

LH TS/ P, 13-44

Growth rate, ie., intrinsic ratec of in-
crease [r] for 1,000 persons of given sex,

Female gross repreduction rate with a
mean of 29 years for the underlying
maternity schedule.

For the conventional age distributions
{upper scction of table} the relevant age
intervals are indicated in terms of age
at last birthday, For the cumulated age
distributions the upper exact age limit is
indicated for cach interval. The lower
limit is age 00 in each instance.

Births and deaths of given sex per 1,000
persons of given sex; i.e., intrinsic hirth
and death rates per 1,000,

Same as symbol R used in column head-
ings and defined above.

Gross reproduction rate for given sex
when the mean age of the underlying
maternity (or paternity) schedule is M
years,

Net reproduction rate for given sex
when the mean age of the underlying
maternity schedule is M years,

Number of people aged 1544 in the
stable population per 100 persons.
Births of given sex per person of given
sex aged 15-44. With reference 1o the
female population, sometmes called the
birth-woman ratio.
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POP. —4/15-44 Persons of given sex aged 0-4 per person
of 15-44 of given sex. With reference to
the female population, sometimes called
the child-woman rauo.

POP. 5-14/34+-0VR Persons of given sex aged 5-14 per per-
son 5 and over of given sex. An index of
the age disiribution proposed by M.
Bourgeols-Pichat.

DEPNDCY RATIO Persons aged 0-14 and over 60 of given
sex per person 15-59 of given sex. Some-
times called the dependency ratio.

POP. SIZE, B (0) = 1 The reciprocal of the birth rate, ie.,
the size of the stable population for a
unit-size current-year (year zero) birth
cohort.

EXP. OF LIFE Expectation of life at birth in the life
table identified in the table heading by
pattern, level, and sex. This index is
printed in the “GRR” set of tables only,
in the last line under the first column.

DR OVR AGE 1 Death rate of persons above age 1, Le.,
deaths to persons over age 1 of given
sex per 1,000 persons over age 1.

AVG, A AT DEATTT Average age al death In stable popula-
tions of given sex,

AVG A AT DEATH OVR 5 Average age at death in stable popula-
tion of given sex of persons dying at age
5 and over.

DEATHS (304 /5-4) Deaths in stable populations o persons
of given sex over 30 per death 1o persons
of given sex over 5.

D. HINTS ABOUT USING THE TABLES

USE OF CUMULATIVE AGE DISERIBUTION

In the stable population tables the second array of figures are
cumulative age distributions cither for the population (on the left-
hand pages of the open book) or for deaths (on the right-hand
pages). Because of limitations of space it runs only to age 63 in
the R (“growth rate”) sct, to age 40 in the female “GRR” set and
to age 75 in the male “GRR” set. Tt is printed to age 80 in the death
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TasLe XV. Values of /; by single years of age from 1 to 3 for regional model life tables (7, = 100,000) at martality levels 1 1o 24

I

63483
66538
69481
720064
74427
76602
78614
80482
82226
83857
85388
86829
88169
89452
90661
91823
92934
93996
950006
95960
96907
97738
98484
99106

I

68027

70798
73285
75539

77595.

79483
§1226
82842
84347
85753
87070
88305
89451
30498
91512
92492
93435
94337
95199
96018
06793
97535
98177
98782

IF
55000
58557
61829
64856
67671
70360
72765
75084
71271
79340
81300
83163
54939
86720
88364
89936
91419
92820
94143
95392
96559
97530
98377
99061

£

59707
62931
65879
68392
71104
73440
75622
77668
79591
B1405
83119
84739
86319
87810
89247
90605
01887
93096
94236
95311
96323
97287
980306
98713

Females

Females

I3
51199
54936
58399
61625
64643
67476
70145
72665
75051
77315
79468
81516
83402
85496
#7324
89006
90709
92260
093724
953109
96385
97425
98321
99037

{y
54385
58089
61320
64516
67108
GO9720
72173
74483
76664
78729
80687
82544
84391
86140
87813
39388
Q0871
92267
03583
04822
95993
97111
97935
98662

MOBDEL
N Is

48742 46883
52395 50824
56183 54506
59538 57958
62686 61205
65651 64270
68451 67169
71101 69918
73616 72530
76007 75017
78285 77389
80457 79654
82536 81848
84705 84106
86646 R6127
88490 88041
90232 §9854
D1878 91571
93436 93201
94912 04749
96263 96160
97350 97286
98282 08248
99020 99006

MODEL

I Is

50719 47783
54433 51638
57878 53263
61087 38637
64091 61801
66912 64780
69569 67392
72078 70253
74454 72777
76708 75175
78851 77457
80886 79628
82936 81831
54874 83906
86714 85864
88447 B7710
90078 89450
21615 91093
93064 92643
94432 04114
95727 93508
96968 96850
97832 97783
98620 98583
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WEST

{1

58093
61637
64868
67785
70454
72911%
73183
77294
79263
81105
82835
84463
86058
87547
88864
90143
91379
92570
93713
94807
95309
96925
97856
98668

NORTH

I

62883
66077
68944
71541
73911
76087
78096
79959
81694
83314
84833
86256
87589
BB772
89926
91045
92126
93167
94164
95115
96019
96870
97647
98394

£

30308
54152
57690
60967
64015
66865
69537
72052
T4425
76671
78800
80822
82912
84833
86523
88164
8979¢
91334
92796
94179
95508
96675
97719
98605

s
54784
58341
01599
64603
67387
69979
72404
74678
76819
78839
80749
82556
84328
85920
87456
59005
90473
01855
93156
94378
95524
96595
97484
Y8310

M. ales
f

46898
50865
54546
57980
61195
64217
67064
69756
72307
74728
7032
79228
81534
83644
85498
87292
82056
90736
92332
93847
D5285
96531
97636
98566

Males
I3

49858
53637
37133
60383
63419
66265
68942
71467
73854
To117
78266
80306
82344
84186
85954
87707
893068
90937
92416
93811
95126
96365
97341
98234

44665
48712
52488
56024
59348
62482
65445
68233
70919
73457
75875
78184
80632
82866
84826
86720
88561
90321
92002
93606
95121
96422
97573
08535

14

46197
50141
33813
57247
60470
63504
66369
69080
71652
74095
76421
78633
80870
82897
84838
86725
88518
90218
91829
93355
94801
96175
Y7222
Y8170

£

43005
47112
50957
54571
37976
61194
64242
67135
69888
72511
75015
77408
79961
82287
84327
86293
88184
90001
91744
93415
94989
96334
97521
98510

Is

43413
47482
51289
54862
58227
61405
64412
67265
69976
72557
75017
77361
9749
81916
83990
85969
878353
89652
91362
492989
94538
96021
97124
98117



Tasre XV (Contimuzd). Values of £, by single years of age from 1 10 5 for regional model life tables {/; = 100,000} at mortality levels 1 o 24

MODEL EAST
Females Males
LEVEL I3 I Iy I {5 I s I3 4 I
IS 1 57315 49832 46694 44635 43200 49494 42963 40248 38524 27204
| l-’ 2 60670 53531 50496 48504 47123 53551 47104 44424 42721 41478
v 3 63820 . 56971 34059 52149 50823 57249 50961 48340 46686 45473
)E 4 66712 60186 7412 55392 5432% 600644 54370 52044 50441 49209
' 5 69382 63204 60RTE 58854 57659 63778 57960 35541 54005 52883
94 G 71859 66045 63574 61953 60828 66686 61156 58857 57307 56330
1 7 74107 68730 66418 64902 63849 693906 64178 62008 60630 59624
- 8 76320 1272 69124 67714 66730 71931 : 65009 63718 02775
9 7H352- 73085 71702 70400 74309 67872 66671 65794
10 50258 75981 74163 72970 76347 70608 69500 6560}
11 82040 78213 76580 75518 78041 73302 72307 71579
12 83700 BO317 TEATY 77935 7 80562 ; 75797 74900 742359
13 85297 82332 51071 sU244 TI67T0 22410 79439 78201 77415 76841
14 86831 54259 83160 #2449 B1952 84204 §1599 80516 79828 79326
15 88302 HO103 85168 84555 84129 85923 830676 82742 #2148 81715
16 89710 TGS 87080 806565 86208 87574 45671 #4879 84377 §4009
17 91038 #9569 88920 88498 #8194 B9138 §7586 86933 86518 86214
18 02343 91191 20684 90341 20092 90672 B0442 88018 38580 838329
19 93567 92730 92354 920906 91905 92117 91227 90827 0559 90357
20 94732 24189 93942 93769 Y3638 93494 92913 92637 092447 92300
: 21 95507 95550 95384 93266 095176 94857 94466 94271 94132 94023
‘_ 1 22 Q6937 96716 26611 96536 96478 96108 05865 95738 u5643 05571
' 23 97856 07734 R 97633 97399 97240 97104 97029 96973 96928
;]-” 24 98640 98582 98534 98534 PEUY 98218 98153 98113 98087 98064
MODEL SOUTH
Lemales Mules
LEVLEL s Is N s I8 I i3 I is
y 1 55531 49192 45845 43943 06445 53955 48194 45107 43401
“ 2 58633 52685 49544 47760 68878 57082 51641 48725 47115
[J 3 61304 55941 53003 51336 71075 3997¢ 54857 52113 50598
i 4 64170 38992 56254 4644 73076 62670 37869 55296 53876
4 5 HBOOTH 61860 59317 7872 74911 65187 60702 58298 56971
6 69022 64563 62212 GOB75 76604 67551 63375 61137 59901
7 71231 67124 64955 63722 78172 69776 65903 03828 62681
, J 8 73318 69550 67560 66429 79052 TiB78 65301 06384 65326
0 9 75295 71855 70039 69007 509906 73808 70580 GBE18 67845
L 10 77177 74063 12422 71489 82248 THOB2 72654 71030 70134
e 11 75023 76145 74679 73845 33358 77408 74751 73294 72490
:I‘I iz 0603 78140 76839 76100 24441 TH1BE 76765 75466 74749
1 13 52219 80652 THOOY TH2A5Y 85498 80845 78700 77549 76914
i 14 83774 31888 80892 RO320 86525 82442 80558 79548 78991
m 13 85268 83649 82794 32308 87522 B3IVTH #2343 B1467 80983
e | 16 86703 85339 84617 84207 88487 83435 24056 23307 22803
1 17 #8101 86975 86375 860129 59419 BOBTS #5701 85073 84725
Pt 18 39454 HE55Y 38077 87791 90324 88267 87307 6788 86498
, 19 90801 J0094 39708 89474 91382 #9888 89165 88762 88528
s 20 93199 92070 91523 91224 210306 92390 Y1265 90700 90377 90183
5 21 94110 93283 92878 92651 92507 93395 92580 92155 921906 91752
! 22 95013 94436 94151 939589 93883 94393 93833 03528 93345 93230
I 33 95904 05528 95339 95230 95138 95383 95020 94810 94690 24609
‘ 24 96774 96550 96436 96309 96324 96352 96137 96012 95933 95882
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