
POPULATION STUDIES, No. 22 

AGE AND SEX PATTERNS 
OF MORTALITY 

MODEL LIFE -TABLES 
FOR UNDER-DEVELOPED COUNTRIES 

UNITED NATIONS 

Department of Social Maire 

Population Branch 

New York 
1955 



December 1955 

Sales No.: 1955. XIII .  9 

Price: $US. 2.00 

( o r  equivalent in other currencies) 



FOREWORD 

Mortality data on more than one-third of the world's population is lacking 
and much of the demographic analysis needed in order to formulate plans for 
social and economic development is therefore seriously hampered. During recent 
years the combined efforts a t  the international and the national levels have re- 
sulted in significant improvements in remedying this situation. Estimates of 
mortality levels and of trends, however, are bound to remain the only recourse, 
as long as some countries have not developed efficient systems of census taking 
and of vital registration. 

This report, which has been prepared in partial implementation of the recom- 
mendation of the Population Connnission to intensify demographic studies of 
under-developed countries, is believed to  offer a useful tool in this respect. The 
series of forty model life-tables, which cover the entire range of mortality varia- 
tions that can be found today, provide a time- and labour-saving method of ap- 
proximating the most probable mortality level, by sex and age groups, for any 
population for which the infant or, better still, the early childhood mortalit!. 
rate is known with a certain degree of accuracy. 
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Introduction 

Ideally, death should occur a t  the end of a more or 
less lengthy period of life when the biological energy 
vested in each individual has been spent and the con- 
tinuing function of the body's vital organs has reduced 
them to a state of general deterioration. Under this 
pattern of mortality, deaths would tend to accumulate 
in the terminal period, probably a t  the ages between 
70 and 90 years, with only a few exceptions of prema- 
ture deaths a t  younger ages, besides those due to con- 
genital conditions of purely genetic origin, and of 
delayed deaths a t  the terminal ages of senescence 
which may extend a little beyond 100 years. 

The typical mortality curve throughout the life span 
of a human population departs radically from this 
ideal. Usually, it is not the old ages that claim most of 
the deaths of a generation, but rather the very young 
ones and especially those during the formative stage 
which extends from a few months before birth to ap- 
proximately the fifth year after birth. The number of 
lives lost during this period, which is often termed 
"reproductive wastage", by far exceeds the number of 
deaths in any other interval of equal length in the life 
man.' Furthermore, risks to life are close to the in- 
dividual a t  all ages; no age is or can be entirely free 
from mortality. 

The typical variation of mortality with advance in 

United Nations, Foetal, in fan t  and early childhood mortality. 
Document ST/SOA/Series A. Population Studies No. 13 (2 
parts); see also V. Valaoras, "Fcetal, perinatal and infant mor- 
tality", paper presented to the World Population Conference, 
Rome, 30 August-10 September 1954 (United Nations document 
E/CONF. 13/101). 

age during the life span may be represented by a "U" 
shaped curve, which starts high a t  birth, declines rap- 
idly towards a minimum around the twelfth year of 
age, and then increases slowly through adolescence 
and maturity until it reaches the second catastrophic 
maximum a t  the terminal period of senescence. Both 
sexes share this pattern with only slight variations, the 
mortality rates for females being, in most populations 
and age intervals, somewhat lower than the corre- 
sponding rates for males. 

In modern nations improvements in conditions of 
living and standards of health are reflected in gradual 
shifting of mortality from earlier to later periods of 
life-a postponement of premature deaths-which 
brings the actual pattern of mortality closer to the 
ideal. Relative to their earlier levels the risks of mor- 
tality during infancy and childhood are reduced most 
substantially, but smaller relative improvements are 
also made during maturity and even a t  later ages. Thus 
the curve describing mortality risks by age sinks to a 
lower level, but its shape is not fundamentally af- 
fected. Quite generally, the relationships between the 
mortality rates of adjacent age groups retain a notable 
consistency a t  all levels of general mortality. 

The purpose of the present report is to establish, as 
far as possible, relatively simple patterns of changes 
in mortality rates in different age groups during the 
transition from high to low mortality levels. The ulti- 
timate aim is chiefly to facilitate mortality estimates 
for countries and regions of the world in which no ade- 
quate mortality statistics have so far been developed. 

I. The Material and its Limitations 

( 1 )  T h e  Life-table concept of mortality. Two main sys- 
tems of mortality measurements are in use; the first in- 
cludes crude and age (and sex) specific death rates, and 
the second is derived from the life-table concept and its 
various functions. Each has its advantages and limita- 
tions and only consideration of the characteristics of 
each of the two systems can offer a satisfactory answer 
to the questions of "how fast" and "in what way" a 
given population is being depleted by death. When 
the problem is set in a national frame alone and atten- 
tion is restricted to the situation within a limited 
period of time, crude and specific death rates, in com- 
bination with the corresponding crude and specific 
birth rates, usually suffice for an understanding of the 
depletion and replenishment of the population during 
the given period. However, comparisons of crude and/ 
or specific vital rates are not generally satisfactory 

for a clear understanding of long term trends and in- 
ternational difference~. 

The principal limitation of crude rates is their de- 
pendence upon the age and sex composition of the 
population to which they relate. A similarity of crude 
death rates in two populations which differ markedly 
in their age structure fails to demonstrate the true 
difference in the mortality risks to which the two popu- 
lations are exposed. By the same token, two dissimilar 
crude death rates may correspond to nearly the same 
mortality experience, if the age stratifications of the 
two populations diverge a~cordingly.~ 

In the life-table the single measure of mortality 
derived from the age-specific death-rates of a popula- 

3 See also: United Nations Demographic Yearbook, 1951, intro- 
ductory chapter, pp. 9-12 (United Nations publication, Sales 
No. 1952.XIII.l). 



tion is the expectation of life a t  birth or its reciprocal, 
the life-table death rate. Since this measure is not de- 
pendent upon the existing age distribution of the 
population, it is totally devoid of the weaknesses of 
the crude rate. Basically, the life-table traces, through 
successive ages, the survivors of a cohort of births on 
the assumption that  the age-specific mortality ob- 
served in the population during a given period remains 
unchanged. The average lifetime of this cohort is the 
expectation of life a t  birth. For the computation of 
the life-table, the age-specific death rates must first be 
converted to  corresponding age-specific probabilities 
of dying.3 

Since the intention of this report is to give an un- 
disturbed picture of the successive levels of mortality 
as observed in various populations during the last 
fifty years, the life-table concepts of expectation of life 
and of mortality are used here instead of the crude 
death rate. I t  may be added that  the momentous de- 
cline in mortality which occurred during this relatively 
short time period was by far the greatest ever recorded 
in demographic history. 

(2) The basic material and its preparation. A sizeable 
number of national life-tables for the first half of this 
century, covering roughly the period between 1900 
and 1950, have been officially published4 and assem- 
bled, in a condensed form, in the series of the United 
Nations Demographic Yearbooks, 1949-1954. From this 
material a selection of 158 life-tables was made for this 
study, the selection aiming to satisfy the following 
objectives: 

(i) The widest possible geographic coverage; 
(ii) An adequate spacing in time; 

(iii) The exclusion, as far as possible, of periods 
with abnormally high mortality (such as that  
due to  war losses, the influenza epidemic of 
1918-1919, ctc.) ; and 

(iv) A uniform scale of age intervals. 
The material included here is distributed by con- 

tinents and time intervals as  shown in table 1. This 

See: L. J .  Reed and M. Merrell, "-4 short method of con- 
structing an abridged life-table", American Journal of Hyfiene, 
vol. 30, p. 33, Sept. 1934; J. N. Greville. "Short methods of 
constructing abridged life-tables", Record of the Ameriran Insti- 
tute of Actuarians, vol. 32, p. 29, June 1943. 

With the single exception of the life-tables for Greece 1940, 
which were computed in 1942 by Dr. V. G. Valaoras on the basis 
of the population census of 1940 and data on deaths for the same 
year. 

material is not evenly distributed in space or time. 
Some of the continents and the decades ~ r i o r  to 1920 

are conspicuously under-represented. In spite of this 
limitation, the material seems to  meet the require- 
ment of representing satisfactorily the variation of 
leveis of mortality experience throughout the world 
during the period under consideration. In fact, this 
body of 158 life-tables seems to cover nearly the entire 
range of present-day variations of human mortality 
in a t  least those populations of the world where the 
annual rate of growth is above zero. 

The data suggest for example, that  the very high 
mortality experienced in India prior to  1920 and es- 
pecially during the decade 1911-1921 lies near the 
maximum mortality with which a population, even of 
high fertility, can sustain its numbers. The average 
increase of the Indian population between 1911 and 
1921 amounted to only 0.09 per cent per year, which is 
indeed insignificant. The ex~ectation of life a t  birth - 
for this period, according to Davis's table, was in the 
neighbourhood of 20 years,5 and if this unofficial life- 
table were included here, i t  could be taken to  represent 
the approximate maximum level of mortality ex- 
perience. 

The lower limit of mortality experience during this 
fifty-year period is represented by a group of countries 
(Netherlands, Norway, Denmark, Sweden, New 
Zealand, Australia, etc.) in which mortality has reach- 
ed a very low mark indeed. Obviously, i t  would be 
wrong to suppose that these are the lowest attainable 
levels of human mortality, but the work of several 
demographers6 implies that  the present levels of mor- 
tality in these countries are not very far from the mini- 
mum that  can be expected to be reached in the fore- 
seeable future under the most favourable conditions. 

With the broad generalization in mind that  the 
material roughly describes the total range within which 
the mortality experience of the world's peoples is com- 
prised today and can be expected to be comprised in 
the near future, the proces&g of the basic data pro- 
ceeded as follows: 

First, the life-table ~nortalitl- rate for each quin- 
quennial age group, that is, the probability that  a 

5 Kingsley Davis, The population of India and Pakistan. 
Princeton University Press, 1951, p. 240. 

6 See for example: Jean Bourgeois-Pichat, "Essai sur la mor- 
taliti: 'biologique' de l'homme". Poptilation, 7' annee, 1952, No 3, 
juillet-septembre, pp. 381-394. 

Period to which the life-tables refer (central-year) 

Continent No .  of No .  of Prior to 1910- 1920- 1930- 1940 
countries tables 1909 1919 1929 I939 and ajler 

Africa . . . . . . . . . . . . . . .  3 6 - - 2 2 2 
America, North. . . . . . . .  6 17 1 2 2 3 9 
America, South . . . . . . . .  5 11 2 2 2 5 - 
Asia. . . . . . . . . . . . . . . . . .  7 ' 21 3 1 5 3 9 
Europe.. . . . . . . . . . . . . .  27 95 16 11 20 22 2 6 
Oceania . . . . . . . . . . . . . . .  2 8 2 1 1 2 2 



person just attaining age x will die before attaining 
age x + 5 (bqr), was computed on the basis of the num- 
ber of persons surviving a t  the beginning of each age 
interval (1,) in accordance with the formula: 

For the first quinquennial age group, ( 5 q O ) ,  two 
niore values were computed, namely those for qo  and 
for 4ql in order to parallel the series of age-specific 
death rates presented in the statistical yearbooks of 
niany countries. 

Separate series of age-specific mortality rates (ex- 
pressing the number of deaths occurring in the age 
interval per 1,000 living a t  the beginning of the inter- 
val) were computed for each sex and also for the two 
sexes combined. A simple technique was used for re- 
constructing the life-tables for both sexes combined, 
on the basis of the data given for each sex. I n  each 
case the corresponding sex ratio a t  birth was used to 
compute the radix of the male life-table. For example, 
when the sex ratio for a given country and period was 
105 male per 100 female births, the starting popula- 

tion of the male life-table (lo) was set a t  105,000, that  
of the female table being 100,000. By exposing this 
population to the male mortality rates a t  successive 
ages, a new series of the numbers dying within each 
age interval (bd,) was derived. These gdx values for 
males were then added to the corresponding figures 
for females and the 1, values for both sexes combined 
were constituted by successi\;e additions of the sd, 
values, backward from the highest age with values for 
&dxr including as the last value the survivors a t  age 85. 
Finally, the 1, values for both sexes, as derived above, 
were brought baclr to the con\-entional raclix of 100,000 
(in this esample, by dividing each value by 2.05) anti 
the mortality rates (bqx) for the two sexes combined 
were computed by the formula given above. 

The results of this phase of the work, that is, the 
series of quinquennial life-table mortality rates for 
males, females, and both sexes, togethcr \\-it11 the cor- 
responding values of expectation of life a t  birth and 
their reciprocal numbers, arc shown in the appendix. 
The values given approximate closely the correspond- 
ing age-specific death rates for the given countries and 
periods when these rates are multiplied by the number 
of years contained in each age interval. 

11. The Mortality Patterns 

(1) Prelinriizary consideratio~zs. I n  the attempt to 
derive the patterns of transition from high to low 
mortality levels, attention will be focused on the rr- 
lation between the variation in a particular age-specific 
rate and the mortality variations of another age-group 
with which i t  is to be compared. The particular age- 
specific rate thus chosen as the index should be not 
only readily available for man! areas and time periods 
but also sensitive enough to reflect mortality changes 
as they occur in the other age groups. 

A close examination of the material presented in the 
appendix reveals a remarkable consistency of the var- 
ious functions, both within each life-table where mor- 
tality is compared by age groups and between different 
life-tables which represent many levels of general 
mortality. The familiar "U" shape in the curve of mor- 
tality by age is faithfully maintained a t  all levels of 
general mortality, from the situation corresponding 
to an expectation of life a t  birth of about twenty-two 
years-representing the maximum mortality included 
in the series- to those situations corresponding to an 
expectation of life around seventy years-representing 
the minimum mortality so far attained. High mortality 
rates of coursc are associated with low expectation of 
life a t  birth and vice versa. The range of the age- 
specific mortality rates, between the maximum and 
the minimum levels observed in the experiences in- 
cluded in this study, is shown in table 2. 

The widest relative range of variation is observed 
in the brackets between the first and the fifteenth year 
of age; it is particularly wide in the age group 1-4. 
Jn contrast, mortality in old age differs little between 

countries with high and low general mortality. Since 
mortality irnprovemcnts towards the end of life pro- 
ceed a t  the slowest and most irregular pace, the rates 
for these ages are hardly a sensitive inclcx of the gen- 
eral decline in niortalitj-. 

An appropriate measure of the general transition 
from high to low mortality must therefore be sought 
in the lower age brackets, where the variations of 
mortality are relatively large. At the younger ages, 
the first year of life possesses several features which 
qualify it for this purpose. Infant mortality is easy to 
compute because of the readiness of the requisite data 
(the numbers of births and of infant deaths) which 
are routinely collected in very many countries. Fur- 
thermore, this index can be established by means of a 
sample survey in countries where vital statistics are 
not as yet adequately cleveloped. But the main feature 
of the infant mortality rate is the sensitivity with 
which it reflects the social and economic improvements 
and the advances in public health and medicine upon 
\vhich declines in general mortality mostly depend. 

On the other hand, the recorded infant mortality 
rate frequently understates the true infant mortality 
for the area. In many less advanced countries, it is 
likely that  infant deaths escape registration to a 
greater extent than deaths of adults. t-nless this under- 
registration is balanced by a corresponding under- 
registration of births, the result is an erroneously low 
infant death rate. Many such examples can be cited 
in the series of life-tables used for this study. The same 
examples denionstrate the fact that  a mortality rate 
covering the first five years of age usually yields more 



TABLE 2. MINIMUM AND MAXIMUM MORTALITY RATE (BOTH SEXES) 
BY AGE-GROUPS 

Minimum mortaltty Maximum mortality Ratio of 
Age group maximum to 

Country and year Rare Country and year Rale minimum rate 

0-1 . . .  .New Zealand, 1951-52 22 5 India, 1901-11 287 4 12 8 
1-4 ' . . . .  5 0 215 1 43 0 ' 4 
5-9 . . . .  1 , 2 8 " 1891-1901 95 4 34 1 

10-14 . . . .  England-Wales, 1950 2 4 64 0 26 7 
15-19 . . .  .Ketherlands, 1947-49 4 1 " 1901-11 71 8 17 5 
20-24 . . . .  5 4 87 8 16 3 
25-29 . . . .  Yew Zealand, 1951-52 6 2 102 6 16 5 
30-34 . . . .  118 2 16 4 ( 6  7 2 6 '  

. . . .  35-39 Ketherlands, 1947-49 9 4 136 3 14 5 I '  

40-44 . . . .  13 9 " 1921-31 157 8 11 4 
4 5 4 9  ' , ' 20 8 " 179 4 . . . .  8 6 
50-54 . . . .  32 6 " 1901-1 1 202 7 6 2 

. . . .  55-59 Korway, 1945-48 45 4 Mauritius, 1942-46 247 1 5 4 
60-64 . . . .  " 71 5 320 3 4 5 
65-69 . . . .  " 112 6 402 3 3 5 
70-74 . . . .  " 180 1 500 6 2 8 
75-79 . . .  .United States, 1950 322 6 India, 1901-11 644 7 2 0 
80-81 . . . .  429 9 800 9 1 9  ' 
"e,. . . . . .  .Netherlands, 194749 70 45 " 1901-11 22 95 3 1 

consistent results than the infant mortality rate alone. 
For these reasons the rate of infant mortality, later 

supplemented by the mortality rate for the first quin- 
quennial age group was selected as the key index 
for this study. The rate for both sexes was selected in 
preference to that for either sex alone in view of its 
greater stability. 

The relationship which exists between the mortality 
rates of these two age groups (qo and 5qO) and the 
general mortality (oe, or its reciprocal l/oe,) is shown 
in table 3. 

In spite of the rather erratic interrelationship which 
is observed between the percentage decline in infant 
(q,) or early childhood mortality (5q0) and the cor- 
responding gains in life expectancy, there are two in- 
dications which clearly emerge from this comparison. 

First, the gain in life expectancy corresponding to a 
one per cent decline of infant or early childhood mor- 
tality seems to become smaller as the level of general 
mortality declines; and second, this relationship seems 
to be more consistent when the comparison is made 
with mortality in the first quinquennial age group 
than with infant mortality alone. 

The foregoing considerations may be summarized 
as follows: first, life-table mortality rates for successive 
age groups are interrelated fairly consistently a t  the 
various levels of general mortality; second, infant and 
early childhood mortality may serve as a satisfactory 
index to express this relationship. The next step is 
to develop the mathematical formulae for the re- 
lationship. 

TABLE 3. DISTRIBUTION OF LIFE-TABLES (OBSERVATIONS) AND APPROXIMATE 

MORTALITY RELATIONSHIPS AT THE VARIOUS LEVELS OF 

LIFE EXPECTANCY (BOTH SEXES) 

Average Yeurs of life added to oeo 
Number of for each one per rent decline in  

Oeo in years observationso 
1/0e0 90 690 90 5PO 

Under 30 0 . . . . . .  3 40 8 267 0 
30 - 34 9 . . . . . .  8 30 4 204 5 
35 - 39 9 . . . . . .  7 2 6 5  1 8 9 0  
40 - 44 9 . . . . . .  14 23 6 164 1 
45 - 49 9 . . . . . .  14 21 1 138 9 
50 - 54 9 . . . . . .  24 19 2 111 8 
55 - 59 9 . . . . . .  34 17 4 81 4 
60 - 64 9 . . . . . .  23 1 6 0  6 3 5  
65andover  . . . . .  23 14 8 38 9 

a Eight tables, in which expectation of life a t  birth is not given, are omitted. 

4 



(2) The  derivation of the mortality patterns. In a series 
of spot diagrams, the age-specific mortality rates for 
the 158 life-tables were plotted in successive pairs, 
with the lower age group on the x axis and the next 
higher age group on the y axis. To  the obserl-ations 
for each pair of successive age groups, a second degree 
parabola of the type y = a + bx + cx2 was fitted, by 
the method of least-squares. For the computation of 
the constants a ,  b and c the observations were grouped 
and summed at regular intervals of the .2: axis, and 
the average xy values thus obtained were used as 
the guiding points for fitting the appropriate curve in 
each case. The series was begun ui th the pair of mor- 
tality rates for the ages 0-1 and 0-4. From this point 
on, all comparisons were made for quinquennial age 
groups, namely, sqa with 5q5, 5q5 with 5q10, and so 
forth to the final pair of 5q7a and 5q80. 

The results of this treatment are shown in figures 
1-7. In general, the curve fitting on the seventeen 
pairs of mortality rates seems quite adequate, being 
in some cases very satisfactory and in others less con- 
clusive. Up to about the twentieth year of age, the 
correlation is riot as close as a t  the older ages; there is 
either too great a dispersion of the rates a t  the higher 
levels of mortality or a spurious deviation of the ob- 
servations towards unrealistic levels of mortality. 
This latter phenomenon is particularly obvious in the 
upper part of the first diagram, where many observa- 
tions, departing towards the left side of the theoretical 
curve, seem to indicate an impossibly low infant mor- 
tality rate for the given level of mortality in the age 
group under 5. The usual under-estimation of the mor- 
tality of the first year of life due to weaknesses in the 
registration of infant deaths, which is known to occur 
especially in countries of high mortality, may account 
for these irregularities. 

A similar explanation may be given for the rather 
abnormal dispersion of the observations which is ob- 
served again in the upper part of the next three dia- 
grams. Failure to  state the exact age of the deceased, 
lack of accuracy in the census record of age composi- 
tion of the population, and delayed or incomplete 
registration of deaths, all of which are ap t  to  occur 
more often in countries with high than with low mor- 
tality, may be blamed. 

The remaining diagrams, from the age group of 
20-24 to the ages beyond 70 years, show a remarkable 
consistency of observations, with an arrangement 
throughout pointing to unmistakable patterns of 
transition from one mortality level and age group to 
the next level and group of the series. Only the last 
three diagrams, and particularly that of the age groups 
75-79 and 80-84, contain evidence of spurious devia- 
tions with some unexpectedly low mortality values. 
But here again an under-estimation of mortality in 
old age is known to  occur in many places, even in some 
countries that  have good registration systems, and 
where levels of general mortality are not neces- 
sarily high. 

Another factor to u-hich some of the discrepancies 

observed may be attributed is the random error of 
observations. Most if not all of the life-tables which 
were computed on a total population of less than 5 
millions show evidence of instability in the mortality 
changes from one age group to another. Such diver- 
gences are most frequently found in the ages of late 
childhood, adolescence and early maturity, where the 
absolute numbers of deaths involved are of a low order 
of magnitude. The difference in stability of data 
derived from very large or relati\.ely small popula- 
tions is exemplified by the erratic data of some of the 
life-tables based on small populations (Cyprus, Malta, 
Israel, Finland) and the rather goocl consistency of the 
life-tables constructed for large populations like those 
of India, the United States, etc. The use of graduation 
methods in deriving the mortality curve in some life- 
tables and the absence of such adjustments in other 
life-tables account for only part of the observed 
differences. 

Notwithstanding the various limitations mentioned 
above, the bulk of the observations do suggest definite 
mortality patterns, which in this study are arithmeti- 
cally expressed in the formulae given a t  the bottom 
of each diagram. They are all equations of a second- 
degree parabola, the three constants a ,  b and c of 
which denote, respectively: 

(a) The xy values a t  the point of origin of the curve, 
which point was set arbitrarily a t  convenient 
values of x in each case; 

(b) The increment on the y axis for each unit of 
increment on the x axis, which is always pos- 
itive; and, 

(c) A modifying factor of the b quantity, which is 
positive in certain age-groups and negative 
in others. 

The point of origin of each regression curve was 
chosen a t  a level a little below but not very far from 
the lowest mortality rate observed in each pair of age 
groups. In view of the large representation of coun- 
tries with low mortality, it was felt that  such a prac- 
tice would certainly cover the lowest limits of mor- 
tality among the populations of the world during the 
last fifty years. When these equations are converted 
to the natural scale of xa (with origin a t  zero instead 
of the arbitrary origins), the constants of the seven- 
teen equations become comparable, thus permitting 
comparisons of changing mortality in passing through 
the successive ages of the life span. The results are 
shown in table 4. 

Naturally the major interest here is directed towards 
the series of B values, the variation of which offers a 
good generalization of the manner in which mortality 
changes with advancing age in view of the low values 
of C. For example, the mortality rate of age 0-1 is 
multiplied by about 1.316 in order to arrive a t  the ap- 
proximate mortality rate for the age group 0-4. From 
this point on the comparisons are made between quin- 
quennial age groups, and the numerical values of the 



FIGURE 1. RELATION OF LIFE-TABLE hlORT.\LITY RATES FOR CONSECUTIVE AGE-GROUPS AND T H E  CORRESPONUIKC SECOiYD-DEGREE PARABOLAS 
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FIGURE 7. RELATION OF LIFE-TABLE MORTALITY RATES FOR CONSECUTI\E AGE-GROUPS AND THE CORRESPONDING PARABOI~AS 

(Circles denote obviously erratic observations) 



The three constants converted 
Aae groups Arbjtrary lo the natural origin at xo 

orrgrn 
A B C 

B constant describe a violently inflected curve for the 
first five or six age groups. The  B constant declines 
sharply to  levels below unity for the next two age 
groups, the lowest mortality of all ages being reached 
in the age group 10-14. Then the B constant increases 
to  a maximum level when passing from the mortality 
of the 10-14 age group to  that  of 15-19 years and re- 
mains high for the next age group. The value then 
falls a little below unity for the next three age groups 
(up to the age of about 35 years), describing the 
familiar "plateau" of mortality a t  the ages of early 
maturitv. From this age on. the B constant rises 

.? 

slowly, reaching a second maximum a t  an age around 
65 and declines afterwards, approaching the level of 
unity a t  the terminal ages of the life span. 

A similar but rather inverse variation is observed 
in the values of the C constant, the course of which 
alternates between positive and negative values. The 
constant is positive in the comparison of the first two 

age groups, pointing t o  additional mortality risks, 
over and above those indicated by the B constant. 
I t  is negative during the latter part of childhood and 
also during puberty and becomes positive in early 
adulthood. From the age of 50 onwards, the C constant 
again becomes negative with its greatest deviation 
from zero a t  about the 60th year of age. 

The  systematic sequence of the numerical values of 
the B and C constants may be taken a s  additional 
evidence of the adequacy of the seventeen parabolas 
computed to  express the patterns of mortality change 
between the successive age groups. These patterns 
are based on a world-wide experience of 158 life- 
tables representing practically all levels of general 
mortality and, by inference, all major variations of 
living conditions; they may now be used for the de- 
velopment of a series of model life-tables covering 
almost the entire range in which the mortality of 
populations of the world may vary today. 

111. The Development of Model Life-Tables 

In attempts to  estimate the approximate mortality 
of a population with scanty or unreliable mortality 
data, use has sometimes been made of a life-table 
computed for the population of another country, 
where mortality levels and living conditions were 
presumed to resemble those of the population under 
consideration. This approach seldom if ever yields the 
desired results. As experience has repeatedly shown, 
differences in age-specific mortality rates are found 
even between countries with the same level of general 
mortality. Each population has its own peculiar age- 
specific death rates which will not necessarily apply 
to  another population where mortality determinants 
of a different nature may be in operation. In this situ- 

ation i t  is reasonable t o  seek an average mortality 
pattern, more or less free of individual pecularities, 
which roughly but  generally corresponds to  a given 
level of general mortality. Even so the result may not 
correctly express the actual mortality risks to  which 
any particular population a t  the given level of general 
mortality is exposed. However, until a systematic 
study of the mortality of the particular population can 
be made, the average pattern may be used as  an  
unbiased approximation. 

This is the purpose for which the following series 
of model life-tables has been developed. Based on the 
previously computed typical patterns of mortality for 
the various age groups, this series of regularly spaced 
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Mortality ratefor speciJScd age group 
Model 

No. *ea 1 /*a 0 1-4 0-4 5-9 10-14 15-19 20-24 25-29 

model life-tables attempts to cover the entire range of The  technique used for the construction of these 
mortality variations that  are to  be met in the world model life-tables is very simple. I t  is entirely based on 
today. The series includes forty models, the first of the series of equations which were developed in fitting 
which (No. 1) corresponds to  a mortality level a little 
lower than the best so far attained by any population 
(both sexes) of an adequate magnitude. The next six- 
teen models in the series are spaced a t  intervals of five 
units along an increasing scale of life-table infant- 
mortality rates from 20 to  100 infant deaths per 1,000 
live born. The last twenty-three models are spaced a t  
intervals of ten units of infant mortality rates from 
100 to  the rather catastrophic rate of 330 infant deaths 
per 1,000 live births. This last mortality experience, 
labeled in the series as model No. 40, represents an 
extremely heavy toll, requiring a fertility of about 
seven live births per woman in the reproductive ages, 
if the population is to  survive and maintain its num- 
bers. I t  is rather doubtful that  such extreme mortality 
experience can be found today in any sufficiently large 
population except for short periods of time when major 
epidemics or famines are prevailing. 

the seventeen second-degree parabolae td the original 
observations. In the first equation, in which the mor- 
tality of the age group 0-4 is related to  mortality a t  
age zero, values of bq, were computed to  correspond 
to the values of qo  = 20, 25, 30, etc., up to qo  = 100 
and thereafter for every tenth value beginning with 
qo = 110 and ending a t  q o  = 330. From these two 
parallel series of qo and jqo, the intermediate mortality 
of the age group . I ~ I  was easily derived by computing 1 
the survivors a t  age one (ll), to  which the remaining 
numbers of deaths, corresponding t o  the age group 
1-4, were referred. 1 

The second equation in which the mortality of the 1 
age group 5-9 is related to tha t  of ages 0-4, gave the 
values of 5q5 corresponding to  those of jqO computed 
from the first equation. Similarly, the newly com- 
puted mortality rates for each successive age group 
were used as the x factors, in order to  arrive a t  the 



qo, l l q ~  and aqx IN FORTY THEORETICAL MODELS. BOTH SEXES 
- - 

Morfalily ra fc for  spcci$ed age grouP 

30-34 35-39 40-44 4 5 4 9  50-54 55-59 60-64 65-69 70-74 75-79 80-84 

rates for the next higher quinquennial age group. 
Having now the new series of estimated q, values 

for all age groups corresponding to  each successive 
level of qo, the next step is to compute the expectation 
of life a t  birth (~e,)  for each of the forty models. Sev- 
eral generalizations were adopted in order to expedite 
this phase of work, the most important of which 
were as follows: 

(i) The  years of life pertaining to each quin- 
quennial age group, with the exception of 
the first (0-4) and the aggregated last age 
group of 85 years and over, were taken to  
equal the average of the two marginal 1, 
values multiplied by five, according to  the 
formula: 

5Lx = 2.5 [Ix + L+51 

(ii) The years of life pertaining to the age group 
of 85 years and over were assumed to equal 
the product obtained by multiplying the 
number of survivors a t  age 85, by a factor 

15 

varying between 4.4 and 3.0 depending on 
the size of Is5, in the following order: 

ISS Factor 
15,000 and over. . . . . . 4.4 
10,000-14,999 . . . . . . .  4.0 
5,000- 9,999.. . . . . . 3.5 

Less than 5,000. . . . . . 3.0 

This assumption is based upon a survey of actual 
expectations of life a t  age 85 ( ~ e s ~ ) ,  which shows 
that the average years of remaining life a t  the 
various levels of lgg are approximately in accord- 
ance with the above distribution. 

(iii) At all levels of mortality, uniform factors of 
separation were assumed in order to  divide 
the deaths of infants and of children 1-4 
years old into the parts occurring in the first 
half and in the second half of the time inter- 
val: namely, 75 per cent for the age 0-1 and 
slightly over 50 per cent for the age group 
1-4 years. Consequently, the number of 



years of life pertaining to the survivors dur- of infant mortality may be summarized as follows: 
ing the first year of life was computed from: Leuel of Approximate increase i n  oe, Lo = 11 + 0.25 (do), and the number of years infant per 10 units of decline 
lived by the survivors within the age group mortality i n  infant mortality(q,) 
1-4 from: 4L1 = 1.9 11 + 2.1 15. (years) 

300 ........ 1 2 5  
Under these assumptions, the approximate expecta- 

tion of life a t  birth, which was independently computed 
for each of the forty model life-tables, varies from a 
minimum of 18.8 years to  a maximum of 71.7. A paral- 
lel series of life-table general mortality rates (1/0e,), 
which is also included in the table, varies between 
about 53 and 14 deaths per 1,000 total life-table popu- 
lation. The sequence in the series of these Oe,, values, 
though not perfect, is nevertheless indicative of the 
general trend of life expectancy a t  progressively de- 
clining infant mortality rates. In this example, the 
average gains in life expectancy a t  successive levels 

250. .  ...... 1 50 
200 . .  . . . . . .  1 75 

. . . . . .  150. .  2 00 

. . . . . .  100. .  2 00 

. . . . . .  5 0 . .  1 80 
20. . . . . . . .  1 60 (extrapolated) 

Thus, a t  a level of infant mortality between 100 and 
150 per 1,000, a decline of 10 per 1,000 produces a 
greater increase in expectation of life a t  birth than a t  
either higher or lower levels of infant mortality. The 
mortality rates of the forty model life-tables com- 
puted for both sexes are shown in table 5. 

IV. Model Life-Tables for Males and Females 

Sex differentials in mortality are we0 known to  fol- 
low a fairly typical pattern. If only because more boys 
than girls are born in the world every year and because 
all must eventually die, the annual number of male 
deaths would normally always exceed the number of 
female deaths. The actual excess of male mortality is 
all the greater because age-specific death rates are, as 
a rule, higher among males than among females and 
this difference produces a greater life expectancy of the 
female sex. With very few exceptions, this is the com- 
mon finding throughout the world. 

However, the question arises, whether the sex dif- 
ferentials a t  the various levels of mortality are con- 
stant or not and, if not, whether any patterns of 
changing differentials can be observed. This informa- 
tion could be used to estimate life-tables for each sex 
from the model life-tables of both sexes combined. In 
order to answer this question the life-table mortality 
rates shown in the appendix were averaged separately 
for each of the two sexes and also for both sexes in four 
groups according to the level of the expectation of 
life a t  birth for both sexes. 

The result of this grouping7 is shown in table 6. I t  
appears that the sex differentials do differ a t  the var- 
ious levels of general mortality. The approximate pat- 
tern of these differences is shown by the ratios of the 
male and female rates to the rate for both sexes, taken 
as  100, as given in the last two columns of each group 
in table 6. These ratios are plotted in figure 10, where 
three supplementary values, produced from the aver- 

aging of intermediate cumulative summations, are 
also included. 

The patterns thus derived, though not absolutely 
regular, can nevertheless be taken as indicative of the 
manner in which the sex differential in mortality 
changes as life expectancy a t  birth increases. They 
confirm the already known fact that  sex differentials 
in mortality widen as life expectancy grows longer. 
With this generalization in mind, free-hand curves 
were drawn to illustrate the approximate trends. 
These indications were then used for the computation 
of parallel series of model life-tables for males and for 
females corresponding to the forty models previously 
prepared for both sexes combined. Appropriate values 
of sex-differential ratios were read from the curves a t  
regular intervals of expectation of life a t  birth for both 
sexes combined, namely, a t  Oe,, = 67.5, 62.5, 57.5, 
52.5, 47.5, 42.5 and a t  35.0 and 25.0. Each of these 
readings was used for all the model life-tables with a 
life expectancy in the neighbourhood of the given 
value in accordance with the following scheme: 

Value of oe, for which Values of Oe, (both sexes) i n  the 
sex differences were mo&l life-tables to which the sex- 
read from the cume diference readings were applied 

67 5 . .  . . . . . . . . . . . . . . . .  65 0 and over! 
62 5 . . . . . . . . . . . . . . . . . .  60 0 - 64 9 
57 5 . .  . . . . . . . . . . . . . . . .  55 0 - 59 9 
52 5 . . . . . . . . . . . . . . . . . .  50 0 - 54 9 
47 5 . . . . . . . . . . . . . . . . . .  45 0 - 49 9 
42 5 . . . . . . . . . . . . . . . . . .  40 0 - 44 9 
35 0 . . . . . . . . . . . . . . . . . .  30 0 - 39 9 
25 0 . . . . . . . . . . . . . . . . . .  less than 30 0 

Group A includes 21 life-tables with an expectation of life at 
65 years and over. Group B includes 51 life-tables with an Finally, in order to  eliminate the slightly disturbed 
expectation of life between 55 and 64.9 years. Group C includes sequence of Oe0 values in the model life-tables, by sex, 
34 life-tables with an expectation of life between 45 and 54.9 at the merging points of the above groupings, the ad- years. Group D includes 23 life-tables with an expectation of 
life below 45 years. A few life-tables with erratic q r  functions jacent values were smoothed by the method of mov- 
were omitted. ing averages. The net result of these manipulations is 



FIGURE 8. THE WIDENING SEX DIFFERENTIALS IN MORTALITY AT INCREASING 
EXPECTATION OF LIFE 
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TABLE 6. AVERAGE LIFE-TABLE MORTALITY RATES BY SEX AND AGE AND SEX DIFFERENTIALS BY 
(For life-tables included 

Ratio lo rate 
for both sexes 

A ne Average rate ( =  100) 
jiroup 

Both 
S ~ I P C  Male Female Male Female 

Ratio to ralc 
for both se.%es 

Average rate ( =  l0n)  

Both 
sexes Male Female Male Female 

Group A Group B 

Mortality rate for specified age group 
Model 

NO. 'e. 1 /.a 0 1 4  0-4 5-9 10-14 15-19 20-24 25-29 



ts 
AGE, OBSERVED IN FOUR GROUPS OF LIFE-TABLES, AT VARIOUS LEVELS OF LIFE EXPECTANCY AT BIRTH 
in each group, see k t )  

Ratio lo rate 
for both sexes 

Average rate (=  100) 

Ratio to rate 
for both sexes 

Average rate ( = 100) 

Both 
sexes M a k  Female Male Female 

Both 
sexes Male Femak Male Female 

Group C Group D 

Oe, (yrs.). . . . . . 50 30 48 70 51 5 9  - 

SPECIFIED AGE INTERVALS IN FORTY THEORETICAL MODELS 

Mortality rate for specified age grouP 



TABLE 8. FEMALE LIFE-TABLE MORTALITY RATES FOR THE 

Mortality rate for specified age grouP 
Model 
No. eeo f/oee 0 1 4  0-4 5-9 10-14 15-19 20-24 25-29 

shown in the series of models given for each sex in life-tables from which they were derived in order to 
tables 7 and 8. These two tables together with the one test their efficiency in representing average variations 
(No. 5) giving model life-tables for both sexes com- of mortality by age-groups a t  the various levels of 
bined may now be compared with the original body of general mortality. 

V. Test of Reliability of the Model Life-Tables 

The three series, each containing forty model life- 
tables for both sexes, males, and females, are in- 
tended to approximate averages of life-table mortality 
rates by sex and age a t  the various levels of general 
mortality. They are not intended to represent exactly 
the life-table of any population for the simple reason 
that individual peculiarities in mortality, which occur 
in most if not all of the countries of the world, are 
eradicated from these series by the smoothing effect 
of the curve fittings. The only information conveyed 
by these models is the general form of the mortality 
curve by age and the most probable expectation of 
life a t  birth which corresponds to a given level of in- 
fant mortality, or better, early childhood mortality. 

In this respect, these series of model life-tables ap- 

pear satisfactory. A good test of their efficiency is of- 
fered by figures 9 and 10. Figure 9 shows the mortality 
rates of ten life-tables selected a t  about equal intervals 
from the series of models for both sexes, while figure 10 
illustrates the average mortality rates by age, again 
for both sexes, obtained in the four groups of actual 
life-tables presented in table 6. When these diagrams 
are superimposed, a striking similarity in the general 
course of the curves becomes evident. This check pro- 
vides assurance that any misjudgements in fitting the 
seventeen curves of figures 1 to 7 to the actual observa- 
tions are not cumulative; for, if they were all infthe 
same direction, they would have produced an increas- 
ing divergence of the model from the observed mor- 
tality curves. 



Mortality rate for specified age group 

30-34 35-39 4 0 4 4  4 5 4 9  50-54 55-59 60-64 65-69 70-74 75-79 80-84 

Similar as may be the two sets of mortality curves 
shown in figures 9 and 10, they are not identical in 
every respect. For example, the curve of model life- 
table No. 5, which in its initial course is very close to 

well for levels of expectation of life a t  birth below 55 
years but diverge a t  higher values for expectation of 
life. A closer look a t  the data reveals a rather atypical 
disruption of continuity in the observations a t  about 
this point, the course of early childhood mortality rates 
(sq,) falling below the expected values for the model 
life-tables. 

To what extent this discontinuity is due to  short- 
comings of the method useds or is simply the result of 
inadequate representation of observations, is hard to 
say. In any case the rather simple formulae and the 
broad generalizations which were used for the prepara- 
tion of these model life-tables permit only the descrip- 
tion of an average and more or less general pattern of 
observations over the whole range of variations repre- 
sented. Finer variations in the pattern, as well as 
peculiarities that may occur in individual populations, 
are necessarily glossed over. 

the curve of group A, appears to under-estimate 
slightly the mortality experience of later ages. The 
reverse situation is observed in the model life-tables 
Nos. 17 and 22, which fall a little below the levels in- 
dicated by group life-tables B and C a t  the young ages, 
but correspond rather closely a t  the older ages. Finally, 
the course of model life-table No. 27 duplicates almost 
exactly the mortality curve of Group D. 

Another check of the accuracv of the model life- 
tables, in estimating average mortality levels, is of- 
fered in the comparison shown in figure 11. In this 
spot diagram, actual observations are plotted as dots, 
the actual trend of the relation between the life-table 
functions I ~ O  and Oe0, as shown in the average of groups, 
is represented by a broken line, and the theoretical 
trend of the same relation, as independently computed 
from the forty model life-tables (both sexes), is shown 
by a solid line. The two trends seem to agree fairly 

8 The fitting of a third degree parabola to the observations 
relating the 6 q o  and Oe, functions produces a slightly smoother 
result. 
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VI. Use of the Model Life-Tables 

The main object of this study is to provide a tool 
with the aid of which the mortality level and its prob- 
able age variation in a population with scanty or un- 
reliable mortality data can be estimated approximate- ) ly. Such estimation can be based either on existing 
fragmentary mortality data, or data that can be col- 
lected in a special survey. The mortality of the first 
year of life, or better, that of the first quinquennial 
age group, may adequately serve as the starting point 
for this work because of its sensitivity in reflecting 
changes in general mortality levels. 

In most countries of the world data on births and 
deaths are now compiled and annual series of crude 
birth and death rates and also infant mortality rates 
are published. With a critical analysis it is possible to 
scrutinize these data as to their degree of complete- 
ness and accuracy and make appropriate corrections 
to strengthen their validity. Where the mortality rate 
during early childhood (up to the fifth year of age) is 
also available, i t  can advantageously be included in 
the information which then can be used to estimate 
approximately the life-table functions of the popula- 
tion by means of the model life-tables presented here. 

For a first approximation, the model life-table with 
the nearest infant or early childhood mortality rate 
may be taken as an indication of the mortality rates 
by sex and age and also of the life expectancy pertain- 
ing to the population in question. Better results may 
be obtained by interpolating the values between two 
adjacent model life-tables or even by computing new 
values on the basis of the equations given in table 4, 
starting with the observed data on infant or early 
childhood mortality. Though the findings are not ex- 
pected or intended to be exact, they will normally ap- 
proximate, in the sense of an over-all pattern, the 
mortality conditions of the particular population. This 
approximation might appear rather crude compared 
to a conventional life-table, based on correct popula- 
tion and mortality data for the particular country, 
but as long as such correct data are lacking, approxi- 
mations of the nature suggested here can be used ad- 
vantageously. With proper use of these sets of model 
life-tables, mortality conditions, as they are reflected 
by life-table functions, may be estimated for most if 
not all of the major populations of the world today. 

A secondary but also useful application of the model 
life-tables consists in the comparative study of the 
validity of existing life-tables. Among the many 
dozens of life-table mortality rates given in the ap- 
pendix, there are examples in which the mortality 
rates depart sharply from the expected levels and the 
general shape of the age-mortality curve is con- 
spicuously distorted. In some cases the mortality of 
the very young ages is in complete disaccordance with 
the mortality given for later ages; in others the se- 
quence of the age-specific mortality rates is erratic 
and the minimum rate is found not a t  the usual age, 

around the twelfth year, but in another age group. 
Although there is some variability in life-tables, 

due to peculiar conditions affecting various popula- 
tions, it may very well be surmised that a t  least the 
major discrepancies shown by the four life-tables 
taken as examples in figure 12 are spurious. In fact, 
the small populations on which two of these life-tables 
are based and the known inadequacy of vital registra- 
tion in the countries of the other two examples allow 
considerable doubt as to whether these life-tables re- 
flect faithfully the true mortality risks by age to which 
the respective populations were exposed. 

The series of model life-tables can also be utilized 
to make population projections, provided that, for the 
country and period in question, the appropriate life- 
tables can be secured, either by direct observation or 
by interpolation among the corresponding models. 
The life-tables quinquennial mortality rates can easily 
be transformed into survival rates (5Pr) with the 
aid of which the census population in each five-year 
age group may be projected to the next age group five 
years later. There are, however, two main problems to 
be solved before the projection is attempted. The first 
consists in predicting the fertility rates for the period 
to be covered. The second difficulty springs from the 
fact that successive models, referring to successive 
levels of declining mortality (reading the tables from 
the bottom up), do not necessarily correspond to 
equal time intervals. A country with mortality corre- 
sponding to, say model No. 20 may need five years to 
bring its mortality into conformity with model No. 
19, while some other country, with higher mortality 
a t  present, may achieve an equal improvement in a 
much shorter time. 

I t  is difficult to define an exact scale of mortality 
declines Der unit of time which would fit Dast trends 
and future expectations. Past experience has been 
far from uniform, the declines in mortality being dif- 
ferent in various countries depending on the rate a t  
which measures of ~ub l ic  health and social deve10~- 
ment have been intioduced. The future, on the othkr 
hand, is more or less unpredictable. Nevertheless, the 
existing body of knowledge, when submitted to a de- 
tailed and critical analvsis, mav offer valuable hints . .  . 
with respect to probable future developments. 

The problem of making population projections is 
discussed in other reportsg and very little needs to be 
said here. During the period of about fifty yeai-s (1900- 
1950) which is covered by this report, there have been 
substantial declines in mortality, as may be seen in 
all countries for which the appendix contains two or 
more life-tables. In these countries the annual gains 

9 See, for example, United Nations, The population of Centrd 
America (including Mexico), 1950-1980. Document ST/SOA/ 
Series A. Population Studies No. 16; The population of South 
America 1950-1980. Document ST/SOA/Series A. Population 
Studies No. 21. 
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in years of expectation of life a t  birth for both sexes 
have been as follows: 

Annual gain in Oeo (years) 

Average Minimum Maximum 
Twenty years around : 

1910 . . . . . . . . . . . . . .  0 32 nil 0 59 
1920 . . . . . . . . . . . . . .  0 38 nil 0 66 
1930 . . . . . . . . . . . . . .  0 37 0 14 0 66 
1940 . . . . . . . . . . . . . .  0 37 0 13 0 56 
Two countries, namely, Ceylon and Japan, were 

Ieft out of this comparison because of their unusually 
large gains in life expectancy immediately after the 
years of World War 11. The contrast in the trend of 
the expectation of life a t  birth between countries with 

initially low and high mortality is better illustrated 
in figure 13. 

In the upper part of the diagram, the expectation 
of life a t  birth for fifteen countries with relatively low 
mortality levels (Australia, Belgium, Canada, Den- 
mark, England-Wales, Finland, France, the Nether- 
lands, New Zealand, Norway, Scotland, Sweden, 
Switzerland, Union of South Africa and the United 
States) was plotted separately for each sex, at the 
central year of the period to  which the life-tables re- 
ferred. A trend line was drawn among these observa- 
tions by averaging the readings in.the trend line of 
each individual country, a t  five-year intervals, with 
the following result : 

Average expectation of life at birth in $fleen rmnfrics of low mortality 

Male . . . . . . . . . . . . . . . .  49 6 51 0  52 5 54 0  55 6 57 2 58 9 60 6 62 4 64 2 66 0 

Female.. . . . . . . . . . . .  52 6 54 0 55 5 57 0 58 6 60 3 62 1  64 0 66 0 68 1  70 1 

Difference . . . . . . . . . . .  3 0  3 0  3 0  3 0  3 0  3 1  3 2  3 4  3 6  3 9  4 1  

The familiar widening of the sex differentials in 
mortality is clearly evident in this presentation. The 
decennial increments in life expectancy, by sex, take 
the following approximate form : 

Decennial increase in O e o  (years) 
Timc period 

M a  1 c Female 

1900-1909 . . . . . . . . . . . . . . . . . . . . .  2 9  2 9 
1910-1919 . . . . . . . . . . . . . . . . . . . . .  3  1 3  1 
1920-1929 . . . . . . . . . . . . . . . . . . . . .  3  3  3  3 
1930-1939 . . . . . . . . . . . . . . . . . . . . .  3  5 3  9 
1940-1949 . . . . . . . . . . . . . . . . . . . . .  3  6 4 1 

towards the end of the period, in two of the three 
countries shown in the figure. Naturally, two examples 
are not enough to support any kind of generalization. 
However, they should make i t  very clear that  coun- 
tries with presently moderate or high mortality 
levels may now achieve a transition to lower mortality 
in a much shorter time interval than would previously 
have been feasible.1° 

The difference in life expectancy between successive 
model life-tables presented in this report averages 
roughly one year for model Nos. 1 to  17  and about 
two years for Nos. 18 to  40. Past experience has shown 
tha t  countries with relatively moderate or low mor- 
tality levels were adding on the average about one- An acceleration of the improvement in mortality third to one-half of one year to their expectation of experience is evident in this rather crude comparison life a t  birth per calendar year. With this basic infor- of unweighted alrerages, which are based on a sn-lall mation and the use of collateral data, this series of 

and unequally distributed sample of observations. At model life-tables may serve a good purpose in making most this comparison suggests tha t  gains in life ex- population projections. However, the main function pectancy among countries with relatively low mortal- of these models is to define levels of average mortality 
ity are proceeding rather smoothly and favour, for the rates by sex and age, for countries lacking complete time being, the female sex. However, the picture or accurate mortality data. shown in the lower part of figure 13 is quite different. 

the increase in life expectancy, which was pro- 
10 See also: George J. Stolnitz, "A century of international 

ceeding a t  a very slow rate during most of the period mortality trends: I", Population Studies, "01. IX, No. 1, July 
under consideration, assumed spectacular proportions 1955, PP. 24-55. 



Summary 
This report presents a series of patterns of life- 

tables in transition from high to low levels of mortality. 
These are based upon 158 national life-tables covering 
the period from 1900 t o  1950. The life-table functions 
bqx (probability that a person just attaining age x 
will die within the ensuing five years) was computed 
for each life-table contained in the appendix, sep- 
arately for each sex and also for both sexes. For each 
pair of adjacent sq, values (both sexes) a second degree 
parabola was fitted to the observed values. The results 
were used to  build up a series of forty model life- 
tables, covering, a t  about equal intervals, the entire 
range of mortality variations encountered in the world 
today. 

The first series of models, constructed for both sexes 
combined, was used, with data on sex differentials in 
mortality at the various age groups, to prepare cor- 

responding series of model life-tables for males and 
for females separately. Finally, each of the three series 
was supplemented by the corresponding values of 
expectation of life a t  birth, (~e,) computed separately 
for each model life-table. 

The results are consistent with average levels and 
trends of human mortality as observed in the various 
countries of the world during the past fifty years. They 
may be used for various purposes, the most important 
of which are: (a) to  estimate the most probable life 
expectancy and the life-table sex-and-age-specific 
mortality rates of populations for which only frag- 
mentary mortality data exist, (b) t o  test the accuracy 
of existing sex-and-age-specific mortality rates, and 
(c) to  give a systematic sequence of mortality changes 
for making population projections. 
























