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ABSTRACT

]
The present study examines the effects of low and
A w ‘ . \
monotonically declining fertility on the stabilization pro-

cess of a human population. It may, also, be classified as
an extension of Coale's work on the stabilization process of

a human population. The basic approach used in the study is

that of Keyfitz's projection matrix app¥oach which involves

4

the method in which population dynamies are depicted as
@

-

a sequence of matrices.
A étable population is defined as a closed

popuiation>with constant fertility and mortality schedules.

In a closed population, the interaction bétween the constant

[

schedules of fertility and mortality over a period of time
produces one and only one‘age‘distribution which is
. independent of its initial age structure.
A nei/way of visuélizing'the'étabilization process
. of a pdpgiétibn has been proposéd in the present siudx. :Wé
ha&e fOﬁnd.£hat the noﬁion of sloée(S) betwee;'tWo suceessive_
. age groups of an age diép;ibutibn ig determining the stabil-
ity of a pOpulatidn is as reliabie ;S any other, criterion.

| It has been observed that the{méqﬁ of the slope
distribution isvpositively'related-to the level of fertility

when the process of stabiliZatiQn is completed.

«
S



' The'variance of the siope;distribution indiCates changes in
_the age of a population. High fertility schedules overcome
oscillations in the slope distfihutions more quickly than
iowAfertility schedules. i~ ' ‘ ’ 4
.The distance between initial and stable age
dlstrlbutlons,.both in terms of proportlons and time, is
critically reviewed. We have found that the index of dis-
similarity is not.a‘proper indicator,of‘thé temporal distance
(in terms of proportions). However, it is fonnd that theb
index of dissigilarity is a useful measure of the aging
process of a population
Length of the process of stablllzation is found to
be related w1th (a) level of fertility, (b) degree of consas—”“
tency between the fertilityyscheduie and initial_age
distribution, and (c) the interaction between level of fer-

>

ftility and the degree of corisisStency (b). It is observed
that high fertility is negatively related with the length of
the process. We also found that fertlllty schedules that are
very dlfferent fubm those 1mp11ed by the. 1n1t1al age dlStrl-
bution take a much longer time to stablllze the proportlonate
age dlstrlbutlons than the schedules more consistent w1th¥
‘the initial ‘age dlStrlbutl;n“f If the degree of cons&stency
1s less, between the fertility schedule and the 1n1t1al age
dlstrlbutlon, and the fertlllty level is very low, khe

~length of the process w1ll be longer than the two instances

we have mentloned above

vi



’

The process ofi stabilization and the social

aspects of achiéving a sfhbilized population are discussed

i
' -

apd Fhe adYFntages of lower fertility schedules, in the

long run,  over tng ﬁighef fertility schedules are demon- -
strated; 1t, islargﬁed thq{_whereas Fhe utility of §tablé

| population conéepf is‘important in estimating population

growth, size, distributions, and the vital processes in

developing countries with ‘scanty data, the concépb of'stable

population is equally important for the deVeloped countries

[

"in un standing their socio-economic problems. ,

A

, .

-
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CHAPTER I

MODELS OF POPULATION GROWTH

)

In this chapter the general background of the

study¢a§¥déécribed. A brief review of literature on the
@Qdéfgf;egarding mortality, fertility and population growﬁh
is pfovided. Owing to its very';pecial nature, the migra-
tion component of popuIation growth is not discussed in our
‘ analysis. In Chapter 11, details of the present research
are provided. /

i
- |

! :
There are two components of natural growth of

population, namely, fertiiit and mortélity. A population
which changes enly through fertility and mortality ‘is termed __
a closed populatioﬁﬂahose growth and the components of

growth are extensiveiy_analysed in the literature through
mgdels. The contemporary developments inrmodel building
discussed by Keyfitz (1971), and independent reviews of most

gof the models'provided‘by Sheps et al (1969) and Krishnan
1 7 .

1 (1971) have beén drawn on 6ecadse of their relevance to
\ , . »

/

‘the study.

(o



MODELS IN MORTALITY STUDIES

\

Mortaliey has always been of major concern to
both the lay and specialist persons. Most individuals and
socileties apprq{e, implicitly or explicitly, ehe attempts
to enhance the chances of huhan survival. Such a consensus
on thelimportance of'mortality studies perhaps provided an
impétus to the social scientists of the past to devofe

their_attention to the determinants and the consequences of
—

moftality. One indication of thiémibﬁéféfanﬁiﬂg\CQnggEE\
with mortality is the systematic and conceptual frahework -
on mortality developed as early as 1662 by Graunt. Based
on Graunt's framework, Halley eonstructea the first
erﬁpirical life table in 1693. |

Since 1693, much attention has been paid to
developing life tables with increasing methodological so-
phis%icatioh. Due to the regularities in the age-specific =
mortality patterns in almost all societies, the model lifér
takles by the United Nations (1955‘and 1968); Coale and g
Demeny (1966), Ledermann (1969), and Carrier and Hobcragg’
(1971) have become benchmarks in contemporary ﬁortality
studies. The major assumption in the model life tablee is
that the age-sex differentials of mortality are_inter—
related.. The powerfulness of the model life tables‘iies
in the fa?t that frem mortality knowledge for one ageeéroup

}

the mortality rates for

L >

all other age groups (except infant

~.
¥

mortality rates) é@n be estimated.

N



As mortality has declined in the past almost all
over the world, there is a growing interest in construecting
mortality tables by causes of death (Preston, Keyfitz and
Schoen, 1972). The regularities in the mortality patterns
and the degree' of accuracy achieved by the model life |
tables have r®sulted in fairly reasénablevmortality projec-
‘¢« tions by the géneration and fhe time trend methods
¢+ (Spiegelman, 1968, pp. 153-63).

-

MODELS OF FERT%L%&X\AND POPULATION GROWTH
L
Models of fertility and population growth may be °
Py

discussed under a variety of topics. A bird's-eye view of

some of these models is presented and arranged as stochas-

. . a ’
tic models, model fertility tables approach, mathematical

-

models, - theoretical frameworks, and the stable population

model.

Stochastic Models

The stochastic models are aQailable both at the
micro- and macro-level of analysis. Applications off;athe—
matical and statistical knowledge and the use Qf computéis
are the core of contemporary stochastic models. The &orks
Q%)Louis Henr? (1953, 1957, 1961, gpd 1964), Brass.(l958), \l

_Singh (1964) , and Perrin and Sheps (1964) are widely men-
tioned in the literature. Henry's works deal with the

'natural' fertility and are confined mainly to the

investigation of the effects of physiological variations



on human reproduction. His models of 'natural' fertility
and family building deal with the prbblems of measurement -
of reproductive performance of married females. The_modelé
investigate the 'nmatural' fertility variations, tﬁe role

~ of biolbgical determinants of reproduction, the age at

Py
o

maf;iage, etct. o : '=‘ ' '\\ s,

’Brass's (1958) model deals with the pfobabilityv
distribution of births to mothefs with completed fertility.
Singh's (l964f model relates with the generalization tﬁat
the probébility distributions of the number of conceptions
' yith fixed exposure follows a Poisson distribution.
“ Perrin and Sheps (i964) applied renewal théoéy
to the study of human repréduction. Perrinlénd Sheps';
model has been supplemented from time to time by Sheps

3 . ’

(1964 ; l966a; and 1966b). fn the model, a woman entering

¥

F

a sexual union is exposed to the risks of conception and.

the termination of pregnancy is allowed to be in one of

the several forms. The models by Henry, Brass, Singh, and

.Perrin and Sheps are micro in nature.

Model Fertility Tables Approach ~

Bourgeois-Pichat (1965) has made use of certain
socio;ogicaL and pﬁysinogicalAvariables at the macro—levei.
His approach is analytical in nature supplemented by empiri-
cal finding;.< In the prepartion of model fertility tableé,
he classified the world into five regions based on five

patterns of mafriage. The combination of factors such as



coital frequehcy, infertility, foetal mortalify, are used o
to get different possibil;ties of natural fertility. He
arrives at the figure,éf 16(130 possibilities of natural
fertility by using five nuptiality patterns, seven infer-
tility patterns, fourteen lengths of infertile petiods,
- coital frequency as low as two and as high as thirty per
cycle, and three lengths of ovum. However, he does not
consider in his model fertility tables the effects of
variables such as thé use of\contraception, changes in
social norms and values, and so forth.

Amoﬁg others, the contributions by Romaniuk
(1973) arfd Coale and Trussell (1954) are important to men-
."tion: Romaniuk's (1973)'model, which 1is specifically
designed for fertility projections, makes use of three sim-
ple demographic parameters, namely, level of fertility and
mean and mode ages of fertility. His model ié based on
conventional frequency disffibutionéysuch as‘Pearsonian
curves. Coale's and Trussell's}(l974) modei fertility
tables ané based on age patterns of fertility; Their model

is flexible enough to incorporate a combination of

-

demdgraphic factors such as agéﬁat marriage,ymoftality,‘etc..

Mathematical Models : e VQQ#;~¥

- L Mathematical models of population growth have also
been emphasized in demographic literature. Contributions

by Keyfitz (1964, 1965, and 1968) and Goodman (1968) cannot

be overlooked when onewiﬁmdéaling”WiEHﬂEhé population models.

+

e



The use of matrix algebra is the basic tool of their
approach where a. closed populétion is assumed and the’ past
fertility and mortality experiences of a populatlon are used
as the basis of thelr matrix approach These mathematical

models are malnly used in preparing population projections.

Theoretical Framework

~

To clarify, the usefulness of models lies in
predictions éﬁd "the accuracy of.predictions is a test of
the models" (Keyfitz, 1971, p. 571). Since mortality pat-
terms in most nations can be known with fairly reasonable
" reliakility while fer;ilitilestimates have not reached that
. level of sobhistication, it can be stated that the stochas-
tic and mathematical models of,fertility'have failed to
prove as accurate as mortality models. For the uhdersfandf

ing of fertility phenomenén, demographers with sociological
interests have suggested theoreticél frameworks"for the
~analysis of fertility beﬁavior. ‘The well-known framéworks

are: the institutiona; approach by Davis and Blake\(l956)>
‘the interactional approach by4Hill, Stycos, and Baﬁk (1959);

and the normatiyé approach by Freedman (1961-62).

Davis'and‘Blake recognizé the role of certain
~—————linte§media12"jVériables; through which.and only through
whiqhvcultural factors can affeét fgrtility. It is ;iffif
cult to study the direct ‘impact of culfural factors or - . gs

"conditioning factors" on fertlllty, but there are others

wigich serve as a means of analy51ng these social and



¥ -

cultural factors. These factors are terTed "intermediate
variables" and are further classified as "intercoburse Vafi-v
ables[" "conception varia 'es," and "gestation variables."
In all, there are eleven intermediate variables through
which social and cultural conditions must operate in order
to influence fertility positively or negatively. s
Davis' and Blake's model suggests that the effect
of intermediate variables on the fertility of a society is
tﬁe product of institutional mechanisms of that society.
They have arranged all the intermediate 'variables according
to their expected values in a pre-industrial society into
four categories, namely, usually high values, high or low
values, usually low values, and the indetermin;te. -
Hill's, Stycos' and Back's (1959) interactionel
approach, fhough applied oﬁly to Puerto Rican society and
2;$individual leveis, presents a scheme where the influepces
,nof-key reference groups and demographic factors op fertil—,
7.@ty are felt througH®general value systems; family action
boséibilities and atﬁitudes, knowiedesland~practice of
_faﬁily plenning. In their.seheme,:the informational and
attitudinal attrlbutes, general value system and speclflc
famlly size preference 1nteract with each other to produce
famlly action possibilities. The family action'possibili—

ties further interact with the variables.of effective family

planning so as to produce a certain level of fertility.

+

y
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The normative approach by Freedman (1961—625 is
an elaboration of the institutional approaoh with the empha-
Sis on norms about family size in a group or a society.
Freedman starts with the assumption that social norms in
a'society develop concerning a particular fertility level
which affects factors such as population growth rate and
age structure. He explicates that the social norms and
the norms about each of the intermediate variables together
produce a fertility level. Mortality, net migration; and
the values about the intermediate variables are important
aspects of social organization which support the norms
about family size by providing social sanctions related to.
the number of children per family unit. Environmental fac-
tors such as famine, venereal diseases, which affect the
norms about - ‘the family 51ze are taken into account. In his
pre51dential address to the annual meeting of the Popula—
tion ASSOCiation (1965), Freedman states the conditiOns
under - which rapid fertility decline could be pOSSlble
These conditions are: (1) 81gnif1cant soc1aiwdevglopment,

) . = CaN

(2) low mortality, (3) smaller family size prefeferces,

SR |

- (4) dissemination of family planning‘ideas, andVTS),thev
. : e

availability of effective -contraceptives. N v
These frameworks are useful in understandfng the
dimensions of fertility. " But they face numerous problems

of measurement of social phenomenon and therefore are

limited in their practicality

L il
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Stable Population Model
Another class of models is known as deterministic
models of "population growth. The development of determinis—

-

tic models may well be traced back to Dub%}m'and Lotka
(1925) and Lotka j1939, 1940). Lotka introdaced the con-
cept of stable populatlon as a spe01al case of Maithu51an
popg}atlon (U.N .,-1968, p. 1). 1In a Malthusian—;opulation,
mortality and age-structure are constant (UQN., 1968, p. 1).
In a sfable populé%iOn, fertility and mortality remain con-

stant and interaction between fertility and mortality

produces a unique age-distribution over a period of time.

" The unique age-distribution, “thus sought, is different, ex-

cept in extreme cases, from the initial age-distribution
and is termed the stable age-distribution (Coale, 1956 @nd
1957; McFarland, 1969; Bourgeois-Pichat, 1971).

The ceﬁtral idea in the stable'population theory
1s that: (a) the populatlon is closed to mlgratlon,
(b) age- spec1f1c fertility and mortality schedules remain
constant; and (g) the interaction between constant fertil—=
iéy and mortality schedules, over a long per;od of time,
produces a stable age-distribution which is independent of
the initial age-distribution. These characteristics of the
(stable population are alsdlcalled thei’intrinsic chareétef_
istics“ which in fact are the characteristies‘of initial
conditions of fertility and mortality (U.N., 1968, p. 8).

Mathematical proof offthe stable population theorem is
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given by Coale (1972)‘and Lopez (1961). The stable
pbpulationvthéory deals with both weak and strong ergodic
propertiéé of a population.‘ A prief descriptionﬂof Qeak
and stréhg ergodic properties bf a population ié provided,
in thé §ectioh on 'Research Problem' of &hapter I1. |

One of the major features of stable population
. H ) R o . 9"‘
theory is the determination of the effects of changes in

mortality and fertility schedules on the age-distribution. -

R ] R N

‘Before the exploration of the theory, it was thought that
- .

high mortality produces a young population and low mortality

produces an old population.

a

‘Coale (1956) is the first to demonstrate that th3

[ 4

aging process of a population is largely depehdent on fer-
vtiiiﬁy and not on mortality, except in extreme cases.
A high fertility schedule produces a younger population;
while a low fertility schedule produces an older éopulation.
The mortality effects on' the age¥distribution a}e
significant when there are extreme differences in the
mortélity levels fU.N.,‘l968, p. 105). For example, if the
fértiliﬁy schedule is fixed and.mOrtality levéls vary, say, \
from life expectancy of 20 wyears at birth to_life expec- |
tan¢§ of 75 years at birth, the résultanxﬁage—dist;@butioné"
would be dissimilar. Coale (1972, pp. 152-64) has also
demonstrgfed.the.effects of age—specifiéymortality changes .
on the’age—distributién. In‘his analysis, Coale assumed

"a fiked_fertility schedule and a specified monotonic time
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pattern of mortality change. It is shown tha£ the effects

of mortaliti decliﬁe on the age-distribution are deperident

on the age-groups that experience the decline. For example,

the effects of ﬂortality dgcliﬁe in the age-distribution

differ when mortality chanées occur .anly to persons under
8%

age five from those when mortality detline is experienced
: - T~

only by older age-groups. The age—sefeétive changes in mor- |

LY
tality pose serious problems when one is estimating . .

demographic parameters using the stable population model.

Demeny (1965) has pointed out some. of the biases of the
estimdtes of vifal rates for the populations that are in the
process of de-stabilization. The Coale principle still .

- holds good in empirical proportions as they occur in

real life.
7

’ The stable population theory is useéful in - .

determining the necessary relationships among Semographic
processes under given égnditions. - The theory is comsidered
t¢ be thé most powerful tool of anélysis yet availé%le in
demographic literature. One of the'é:itiéisms of the

E%eory, hdwever, is that the stable population cdncept is

highly abstract in nature. It is aréued that no population

has beeq found to have mortality and fertility schedules» .

constant sver a long period of time. Té rectify the inade-
guacy of theiéfable population model, the concepts of
semi—stable and qﬁasi—stable populations have been deﬁeloped
to heip demonstrate the practicality of the stable pbpulgtion

b}
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model in the real populations (U.N.%, 1968, p. viii). . These
concepts are 'described below.

+ The populations fpere fertility amd mortality

. e

. schedules are comstant over a shorter period of time and

the age-structure is either constant or changes very \

slightly are known:as semi-stable populations. The majof

distinctions between a stable population and a semi-stable

population is in terms of the time lag between the initial

-

and the final age-distribution. 1In a stable population the

L 4

time lag between init;al—and stable ages+distribution is

very long, while in a semi—stable.populétion the time lag

-

-~ ’ " ~
\\is very short, or 'usually zero. In the light of this dis-~

tinction, most populations of the world may be characterized
as semi-stable populations fb.N., 1568, pp. vii-ix).

In a quasi-stable §Opulation, fertility reﬁains
constant énd %he risks of mortality di;inish cohtihuomsly;
Since age-strutture is fargely determined by fertility -~
v[except for extreme mortality éhanges (Coale, l956)],zthe

age-structure is presumed to be constant. Most of the

‘ ‘ . . ' . 7 Lo
.developing natioﬁs of today in which mortality has declined

in the past and fertility remained constant are classified

as quasi-stable populations. The importénce of thé'ﬁuasijﬁ
stable population concept’lies in the fact that one of the
assumptions iﬁ—theAstable population -theory (that .concerning

mortality) can be relaxed without effects on the age-

distribution. The extent to which changes do occur are

e
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given in the U.N. Manual IV (1967, p..47).
}& | It may be added that both the concepts of
'{%‘? semi-stable populatién and quasi—stabie populaﬁion reflect
g{ the dperational power of tée stable population théory.
@h One indication of tﬁis operational power of the stable
population theory is that it has enabled demographers to

prepare reliable estimates even when the data are scanty

- - ¥
N
N ~ -
g
s

(Beaujot, 1972; Coale, 1963; Coale and Hoover, 1958;

Demeny, 1965;- Demeny and Shortg;, l968;ykrotki, 1963 and
B './ ; - .
1969a; Krotki. and Thakur, Hé?f; Romaniuk, 1967; Romaniuk

£

: , J -
and Piche, 1972; United Nations, 1967).

3



CHAPTER II
RESLARCH PROBLEM, BASIC APPROACH AND DATA

This chapter- consists of three parts- The flrst

ti Paré}two deals with the basic analytical approach,

while paft three discusses the data used in this study.
RESEARCH PROBLEM

As stated in Chapter I, the stable population
theory deals with two propertieQpr a population, namely,
strong and weak.ergodic properties. A population with &
stréng ergodic charactegistics tends to drift from its past
age-distribution o&er a period of time towards reaching
a 'limiting.stable fqrm' in its age—distributiqn (Lopez,
1961 and 1967). Again, in strong ergodicity, fertility and
mortality.conditions remain unchanged.

The major area of exploration in the strong
ergodicity theorem is the analysis of the process of conver-
gence from an initial population to its$ stable form. Coale
(1968) has‘dealt“with this topic using an approach that in-

— s

volves the method in which éequence of births is defined by

means of integral eguation. '

14

rt deals with the statement of the problem under 1nggstlga-

-
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With/weak ergodic charagteristicsrg population
forgets its past age-distribution even if. fertility and
mortality schedules are changlng. Hajnal (1968), Lopez >.J
(1961) aﬁd McFarland (1969) have gone it a defailed ana-

~lysis of weak ergodicity. Their anélysis‘shows that whep
migration does not affeét’fertility and mortality conditions
of a society, the non;Sustained migra£ion would have only
a transient effect on ége—distribuiion of a pbpqlation.

Some of the arguments of weakAergodiCity are
épplicable to strong ergodicity except that the ultimaLe age-
distribution for sErong eragodicity is compactly sﬁecified
(Keyfitz, 1968, p. 90).

The p;esent attempt aims at analjsing the process
‘of stabilization of a given population; Ehat is, how a popu-
lation with giveﬁ fertility and mortality schedules attains
%tability. Our focus of analysié would be to identify fer-
tility effects on the initial age-distributions. Such an

analysis will help in understanding some 6f9tbe strdng ergo-
dic properties of the stable population theory. The approach
used in the preseht study is based upon the method in which

pgpulation dynamics are defined in terms of the product of

a sequence of matrices.

‘ BASYC APPROACHES

o

There are two approaches through which the analysis

of stable population is possible: these approaches are the
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integral equation approach and the projectiOn matrix approach.
In the integral equation approach the sequence ofibifths is
calculated as the sum‘of real exponential terms\and a seriles
of relatively diminishing oscillatory terms (Coalé, 1972,
p. 64),

In the integral equation approach the birth and
death rates vary with age which ié‘treated as a continuous
varlable, while in the projection matrix approach the birth
and decath rates are calculated for discrete age intervals
(usually five years). The.integral equation approach is
quite complex in treatment and laborious in computations.
On the other hand, the computational part in the projection
matrix approach isiless laborious owing to the availability
and use of electronic computers. However, the projection
matrix approach is thought to reveal little about the factors
that are résponsible for a slow or fast cpnvergqnce'of a popu-
lation to 1its stahble form. This latter aspect is adequately
handled in the integral equation appro;ch. It has been
deﬁonstrated that the ihfegral equation approach'is useful
to show ". . ; how salienﬁ features of the process of conver-
gence are determined by .certain characteristics of the
fertility and mortality schedules on the one hand, and cer-
tain properties‘of the initial age-distribution on.the
other" (Coale, 1972, p. 62). The projéction matrix approaéh;

though lacking in the exactness of the integral approach,

provides analytical insights into the process that the
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~integral method may fail to reveal.

As stated earlier, understanding of advanced
mathematical tools is necessary for the integral equation
approach. The projection matrix approach has certain
advantages err the integral oni:

(a) Less mathematical depth ié required for the

analysis,

(b) The basic quantities that appear in the
projection matrix approach are more closely
related to the quantities that are used in
demographic practice as compared to the quan-
tities that appear in the integral equation
approach.

Keyfitz (1968, pp. 41-73) has highlighted the
analytical aspects of stable populations by means of projec-
‘tion matrix approach. He suggests that with giveh.fertility
and mortality schedules,'the M matgix be raised to a number
of powers till the stability ‘conditions are satisfied. The
method of raising the M matrix to a numbér of powers is use-
ful in many respects, but it does not’ disclose all the
intermediate steps thrbugh which a population achieves
‘stability. | |

The author is not aware of attempts to egplain all
or some of the features of the process of stabilizatlon_of
a human population by means of fhé projection matr;x appfdach.
The presenp‘study 1s a step in that direction; it anal&seé

some aspects of the stable population as well
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as the phocess by which a human population converges to its

\
stable form using projection matrix approach.

PROJECTION MATRIX APPROACH

In a closed population, population dyhamics are
characterized only by fertility and mortality."The mortal-
ity is applicable to persons of all oges, while fertility
is épplied only to people of the seiecfed ages. Those who
die are excluded from the population and those born are
included. There are also age and séx differentials of fer-
tility and mortality. In the computations of simple
population projections the fertility schedules -are generally
applied to the female population at risk. Sinceithere are
mortality differentials by sex, risks of mortality are
applied to each sex separately (Spiegelman, 1968).

In population projections where fertility and
mortality are assumed to be constant, five distributions
are needed for population projections. The five distributions
are: | |

(a) 1Initial female agé—distributiOn

(b) Initial male age-distributioen

(c). Fertility schedule (female dominanf)

(a) Female mortality schedule

(e) Male mortality schédule

The age interval of the dlstrlbutlons can be flxed

as de51red and also the time interval for populatlon

- LT
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projections. For example, one may use projection matrix
approach for age4diétributions with single year of age inter-
val and different (other than one year) time interval for.
projections. However, age intervals\in mortality and fer- \
tility schedules should be the same. It is convenient to
set equal timé and age iﬁtervals in population projections.
A simple and less laborious examble‘may be population pro-
jections by five-year age intervals ana by five—year time
intervals.

In our analysis, five-year time intervals and
five-year age-groups are used. .

The total number of births during five years of
population prOjection is calculated by using a sét of 1ihear,
first order, homogeneous difference equations with constant

coefficients by the following formula (Keyfitz, 1968, p. 31):

(t+5) (t) - (t+s)
Kg 5sLo | |Kig-  + Kjg 1 Fio
1, 2
t) (t+5)
+ |®F + K
15 15 Fis
-2
Kus’™ '+ Kys Fis 2.1
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Equation 2.1 can further be simplified as:

o | .
S 5
Két+5) = —25- X 0 ([Kl(g) + Klét+ )} Fio
: 1o 1\
+ [ng) + K§E+S)J Fis + .
3
+ (Kf%’ + K (t+5)J Fqs} . 2.2

where K;t) = female population age x at time t
. F, = fertility rates for females age x

‘ }

t = five-year time interval }
sby, o factor allowing for the children

1o

. born during five years to survive

to the end of the period.

The equations 2.1 and 2.2 give us the total number
of births to females aged 10-49 during five years'of projec-
tions. The totél nﬁmber of births thus sought is multiplied
by mdle and female proportions at birth to get the totél .
number of cghildren by sex.

The expression 2|k(t) 4+ g(t+s)
, 2{ x X

is used to get an
estimate of the number of women-years'of exposure over the
period. This expression is multiplied by age-specific fer-

tility rates to get the. number of births for the females of

gach age-group.
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As the fertility rates used are period rates and
are fixed while the age-groups are allowed to move upward in
the age pyramid during the five-year projection interval,
Keyfitz (1968) suggests that by.taking the average of the
same age-groups at the time (t) and (t+5) reliable estimates ??
of births to that age-group may be obtained.

The gotal number of male and female births during

theAfive~year time interval are multiplied by the sex-

specific survival ratios to form the sex-specific 0-4 age-

groups at (t+5). The survival ratio used in the projections
L
.0

1s i%~. The population of age-groups other than 0-4 at time

0
<
t+5 is projected by the formula:

/

As the'age-group 0-4 for each sex is established,

the entire set may compactly be written as:

L_{R(t)};{f(t+5)},

where {f(t

)}is vertical vector of sex-specific age-distri-
bution at time t and L is the matrix of the coefficients

For each sex, the L matrix

') :
of (Keyfitz, 1968, p. 31).
AS K\ ) ) . )
and the vertical vectors can be written in the following

form.
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L Matrix Vertical Vector
roo _ _ _ _ 1 Kit)
Lo g 0 0..... o k(t)
1, '
o s o h..... 0 .
sLg o ? g&
0 o sLie o )
. sLs : .
0 0 0 0 sLas Ké%)
sLgo J ,
L L

The first row of L matrix has already been shown in eqguation
2.2, The multiplication of vertical vector and the L matrix
projects the_popuiation by age from time kt) to (t+5) years
for age-groups 5-9 to the last age—grbup. Age—group 0-4 is
sought by the first row of L matrix or eqﬁation 2.2. |
We hava\exactly followed Keyfitz's projection .
matrix.approach in that we' have raised the L matrix to the
desirgd numbey of powers.
| €Since we are in‘gfésted in understanding the

process of conveigence of a populatibn to’'its stable form
and not in mathematical properties of the matricés, we do
.not sugggst to condense tﬁé/;;trices. By'definition, a popu-
lation 1s étable when the dominant roog or the eigenvalue
(L,,) of the two>matrices, that is, K(§+5) /Két) is'exactly

~ the same for all age-groups up to three decimal places.

Use of Al as a criterion for population stability has been

v
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suggested and used by Keyfitz (1968, pp. 40-47). The
computer program of population projectionsh which also com-
putes other measures related to the age-distribution, is

presented at the end of this chapter.

]

DATA

For an in-depth analysis of Epe stabilization
'pfocess of human éopulations; one should select a-éariety
of fertility and mortality schedules and initial age-
distributions. Such a wide range of selection facilitates
the possibility of making relatively more generalized state-
-ments. For example, one can select initial age-distributions
that are distorted and undistorted, very young to very old;
fertility schedules fanging'from below replacement level
fertility to the highest level of fertility yet experienced
by human populations; and mortality schedules ranaging from
avegége life expectancy at birth of 20 years to 75 yeafs.
@he_intéractioh between fertility, mortality, and initial
age-distribution dﬁring the process of stabilization, using
the.siﬁulation»technique and the projectibn matrix appfoach,
will enable the researcher to specify the relatiohships be-
tween the demographic‘parémeters.r This type of analysis,has
three major drawbacks: - (1) the number, of combinations -of
fertili%y, mortality, and‘inigial agé-distributién will be.
. v

too large to analyse; (2) the number of simulations will

involve very high cost, labour and time; and (3) some of the

.
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combinations of the schedules and initial age-distributions
may be far from reality.
Other possible options for analysis range from

' ~~
selection of a particular combination oflfertility and
mortality schedules and an initia} age;distribution'to
a fixed number of such combinations; a variety of fertility
schedules with fixed mortality and an initial age-
distribution; a variety .of mortality schedules with fixed
‘fertiiity and an'iniﬁial ége—distribution; ;nd a variety:of
initial age-distributions with fixed fertility and mortality
schedulgs. Each of theseroﬁtions have’advantages and dis-
aavantages over the others. Mostly it depends upon the

researcher and the research problem as to the choice of

WEOr example, if one is to study the effects of

}n the étabiliZation process of a population, one
;Eé variety of-mortality schedules, one fertility
5§and one initial age-distribution. ' -
;Since,we are interested in e&aluatiﬁg the effécts_of
fty on the stabilization process of a population, Wé
have: ;depuse of only one initial age-distribution and only.
‘,ﬁfe tabie for:- each sex in the analysis. A variety of
narrd@ly changing schedules\Qf fertility are selected to
examine the effects on the stablllzatlon process and the
final dlsprlbutlons. For this purpose, the U.S.A. 1963 popu-
‘Yation by sex is,treaged as the initial populétian{ Noﬁe

that the U.S.A. 1963 pépulation distribution is distortedgby
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migration and recent declines in fertility. However; these
distortions are not‘"tdéastrophic" to classify our selected
initial age-distribution as unique in human populations
(LeBras, 1969).: The initial_population and the corresponding
life table values (LX'S) are taken from Keyfltz and-Flieger
(1968, p. 160). The initial population and the life table
vaiues’are given in Table 2.1
Nine fértiiity schedules for the U.S.A. have been

examined. Yearly age—specifié fertility rates for the U.S.A.

o s
from 1960 .to 1968 (U.S., DHEW, 1970) are presented in
Table 2.2. 1In the analysis and discussion sections of sub-
seduent chapters, each ﬁertility schedqle is named after -
the year for which age-specific rates constitute the respec-
tive schedule. For example, the 1960 fertility schedule
means that the aée—spedific fertility rates of the U.S.A. in
1960 are applied. One of the limitations of the nine
selected fertility sSchedules for the U.S.A., 1960-1968, is
that tﬁére i; a narrov range of ﬁonotonic decrease in fer-

tility from 1960 to 1968. Discussion on changes in the

U.S. fertility ﬁ%hedulesxof 1960-1968 is given in Chapter 1IV.
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CHAPTER III

STABILIZATION\PROCESS OF HUMAN POPULATIONS

|

In this chapter the stabilization process of
a population is analysed. The chapter is divided into
three sections. The first section gives general backj
.ground of the process.of stabilization.l In the second
Section;'a new method of looking at ﬁhe stabilization
process is proposed and mathematical prOOf,‘in terms of
Necessary and sufficient conditions of étabLlity,_is pro-
vided to justify the suggested approach. The third sec-
tion deals with the analytical part of the stabilization

process using the suggested approach.

GENERAL BACKGROUND. OF THEF PROCESS OF STABIL ZATION
+ )

In the stable population theory fertility and
mortality schedules are presumed to be constant, with fixed
age structure. The birth rate (b) and the death rate (d)

are'calculated as

< ~

‘ w S
b=/ C(a) m(a) da
o -

w . .
d = / C(a) u(a) da
0] .
<

.where C(a) is the proportion of females age a to a+da,

32
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" . .
m(a) is the annual yate of bearing female children and

u(a) is the age specific mortality rate (Coale, 1956).

~ There are two types of births involved in popula-
tion projections or in the process of stabilization of
a population. One type of births is to those females who
are from the initial ?opulation and remain in the repro-
ductive age during the projections aﬁd,the other is those
female births which are‘from the females born themselves

in the projection period {Coale, 1972, p. 63). Then

B(t). = F(t) + f B(t-a) p(a) m(a) da
(o]

where F(t) are births to the females of initial popula-

tion, B(t) is total number of births at time t, p(a) is

proportion surviving from birth to a@é a, m(a) is the

annual rate of.bearing female children at age a. When

the females of initial population pass the reproductive

age, then F(t) 0 and the equation becomes:

]
-

. B . :
B(t) = f B(t-a) p(a) m(a) da-
o
A (t'i B where 8 is the oldest'age of non-zero

fertility).

It is demonstrated that the birth seguence is the

~sum of an infinite number of exponentials and that the
; v e o
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-

.

reél (non-oscillatory) root is larger than the real part of
any complex (oscillatory) root,” Thus tﬁs\iffii}atory terms’
‘become negligible relative to the non-oscillatory term
(Coale, 1972, p. 64). |
Although much work has been done on the stable
population theory, yet least atgéntion has been péid.to the~
question of how a given populatiOn'§Onvérges to its stable
form (Bourgeois-Pichat, 1971; U.N., 1968; and Coale and
‘Demeny, 1966). The well-known work on thié.tdpic is that
of Coale (1968 and 1972). The convergence of a population
toward stability has been given extensive treatment,by
Coale under four different modes of inquiry:
(1) How the sequence of pirths implies. ‘
convergence; | |
(2) How specific characteristics of fertility'i.
and mortality.regulate the components of
exponential'functioh; -V
(3)) How thé initiai age—distributioﬁ-interécts
with the feftili£y scheéulesftb determine
the coefficients of exponential term; and
(4) How the approach to stability can be -
visualized.

Our major-concernwis‘with the last topic covetedfby‘Coaley
that is, how the approach to stability is visualized.
Our analysis is limited to the extent that (a). we do not

provide mathematical relationships between different
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characteristics of.age—distributions. Instead, we present
a description of the manners in which a population con-

verges.towards_its stable‘form; and (b) only one mortality
schedule and onelinitial age-distribution are used with

various fertility schedules.

METHOD OF VISUALIZING STABILIZATION PROCESS

In thie'section; a minor new approach, that of
;he use of sldpe, which could be useful as an alternative
in visualizing the e}ébilization process is presented.

It is well—doeumented in the literature that
a higher-fertiliﬁy schedule would eveﬁtually produce
a younger population and a lower fertility schedule an older
one. In other words, for every fertlllty schedule there is
a unique finite age- dlstrlbutlon which is independent of
the initial age-distribution. ‘
| There are dlfferent ways of characterlzlng an age-
dlstrlbutlon The raw dlstrlbutlon of the proportlons at
each dge is often used in the analysis of the age~
ddstriﬁutions. In a closed populatioh, the cohort Qf persons
moves into successive ége groups . over a period_of~time.
The‘magnitﬁde (size) of the propo?tions iS'determined by
fertiliﬁy and mortality Scﬁedules."One of the Way$ to look
at the chandes in the size of proportions of an agé;’
distribution is toicalculate the‘difference betWéen'the-

proportion of two successive age—grdups: This diffetence is
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termed the slope. Since the slopes are a simple and direct
consequence of the‘agefdistribution, the notion of slopes
may be taken as another way of characterizing a distribution.
It 1s important to_nots that evéry distribution, no
matter what its nature, has some kind of slope(s). If we
know the sIépe(s) of the distr&bution and at least one
-
element of the age-distribution, the whole distribution éan
be reconstructed. However, the average siope mhst be
Irecoghiéed as the difference between the proportions of the
first and the last age groups divided by the number of age
~groups minus one. In particular, for a discrete age- .
distribution, average slope is (Pi—Py)/(y—l),‘where Pi is
the proportion in the ith age interval and v is the number
of discrete age intervals. If we know the Iy—l) slopes
(henceforth called sf@pe distribution) and the proportion
of any one aée—group to the total age~distribution, the )
entire age-distribution can be.recqnstructed. Thus, it is
- realistic to say that fbr>every fertility schedule there is
a finite age-distribution and every finite,age—distribution.

3

has a slope distribution of its own.

NECESSARY AND SUFFICIENT CONDITION FOR STABILITY
USING SLOPE NOTION'

The ex1st1ng literature suggests that when an

o
age= dlStrlbutlon does not change or - remalns constant over

a period of time ‘the age—dlstrlbutlon is stable.
4 . ,
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Keyfitz (1968, pp. 40-47) demonstrated thgt the dominant
root of the M matrix (or the eigenvalue) ), when constant-
for all age~-groups, may be taken as a condition of stabil-
ity. The constant value of ); meets the requirements of
suffi;iency and néceésity for population stability as it
involees not onl; the age-structure but also the grbwth
potential (r = log X;).

Besides X;, we éuggest that the notion of slope(s),
as defined earlier in this ch%%ter, can be used as a uséful
indicator of stability. Like Xl, it can be mathematically
demonstrated that the notiénﬁof sloﬁe(s) meets the require-
ments of necessary and sufficient conditions of stability.
| Foncépﬁs such as age-distribution, slope

&)

distribution, stability and the difference between the

The
4

slope distributions are used as discrete variables to
develop'the slope notion in deducing the necessary and
sufficient-conditions of population stability. These

concepts are defined as:

Definition 1. Age-Distribution: The age -

distribution at»time t is

. y | ‘
{pt, 0 <pt <1, pi=1, x=1,2,3, « « « .. y}'
4Px — Px - X= 1 X

where p§ is the pﬁﬂbortion of persons in the age—group x at

time t and y is the number of age groups in an age-

distribution;.
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- ion 2. Slope Distribution:: The slope

distrib n?n age-distribution {pi] at time t is

finition 3. Population Stability: A population

with;} :e—dlstribution given by definition 1 is said to

have -3 ted stability if there is_ a positive integer N

b for alln < N, ¥ |p

tn _ Stn-! =
such . . Py | 0.
X=1 :
bfinition 4., Difference betWeen the Slope
Distribd :pns at Times t} and t2. The difference between

the slope distributions at times t; and t, is defined to be

vTheoréﬁ: A population has reached stability if and only
if there is a positive integer N such that for
all'n > N the difference in the slope

distributions at times t and t _ is zero.
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Proof: Let {pi} be the age@@%stributipn of the population
at time t. For each value of t (t =1, 2, 3, . . . P

N, . . . .n) in the population projections we get an »©

age*ﬁistribution as a result of the interaction be-
”tween'fertility and mortality schedules. The
age-distributions may be presented in the following

tabular form.

Projection Time

"

Age Group ty t R ot t

N n
l to tl t: _______ t _______ t
Py P, P P? P
2 to'. t tz___:_ﬁ_ ey o t
. P, Ps P gg P7
3 to t ty ta t
P P Ps P§ Py
\
4 to t t, N BN £
y to ISR T R t
p P Ny P pN P
Y Y Yy - Y ' Y
TOTAL 1.0. 1.0 1.0----4-1.0------1.

By definition 3, if a population distribution is ;

 stable, there is a positive 4pteger N, such that for all
: i , =R ) .

n > NJ



Thus for each x

© . Pyn - pon-j

Therefore, for each x (x=

“all n > N

atn - atn-;
X X

and hence for all n

On the other

(x =

1, 2, 3, » y) and for all n > N
=0 or p_n = pin—l
1, 2, 3, , y-1) and for
:ftn_t}_ft_l_t_l}'
{px pxgl ipxn pX 1
Pe]
Is
[t t } [t }
= n - n-1; - n - n-1;y =90
1px Px J 1px+1 px+1
N
atn- | =0
X

.

hand$ if there is a positive integer N

such Fﬁéq for all n > N

t

d'n -.gtn-
x X

which, by definition

S
.pX pxS}I

2 is equivalent to

e e é;l)

i . = 0 or dtn = dtn—lﬁs
X X

B

thor —pbnoy
P.n PR
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b - ptnmr = pfn -pio-d
’ Py Py px$1 Py
¢ L4
Thus
t -t t t t t
p,n - ppn-1 = p,n - p,n-1= . ., . = pyn - pyn—1 = k, say.
Thus
Yy t _ t _
, {pxn pxn 1} ky.
x =1
" But by definition 1:
Y 4 y '
I pn = Z p.n-1 =1, so ky = 0 or
X - X
x =1 x==1
. /n 7
k =0 /
t t _ o
Thus pyn - pn-; =0, (x'=1, 2, . . - Y)
so that ' -
4 t t . ' e
L Ipx - pmn-1 | =0, and the distribution is
) I [
stable.

T,
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ANALYSIS AND DISCUSSION

birth rate for females during the early period of the process
of stabilization for each fertility schedule After about

70 to 80 years of prOJectlon, the birth rate for .each fer-
tility schedule remalns -approximately, if not completely,

constant.. It is not surprising that the changes in the

fertility schedules, given that all of them come from
@ narrow choice of alternatiyee.

We know that the cifferent fertility schedules
would produce different Stable: age- dlstrlbutlons even
though the mortality schedule and the initial age-
dlstrlbutlon remain the same for all fertility schedules.
_Durlng the examlnatlon of Figure 3. 1, one must ask why
there are irregularities or osc1llat10ns in the female
birth rate during the early part of ‘the pPopulation projec-
tions, what causes the Oscillations to be 81gntf1cant or
1n51gn1f1cant and why these oscillations disappear w1th

the passage of time during the Process of stabilization

& - ‘ ! ‘ *h,h E | gh



YEARS OF PROJECTION

FIGURE 3.1 ' 43
Crude Birth Rate for Females during the Process of
Convergence to Stable Form for U.S.A. Fertility Schedules
1960-1968 by Years of Proiection
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1968 1967 1966 1965 1964 1963 1962 1961 1960
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200}
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100~
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of a population?

The questions raised above may be answered in the
‘light of slopes or difference betweenbthe successive age-
groups of aAproportionéte age—distribﬁfion. The slopes
between the successive age—dfoups of an age—disiribution
form a aistribution of their own. Tables 3.1, 3.2, and 3.3
are constructed to show‘the arithmetic mean and the variance
of the slope distributions for different poian of';ime in
population projections by fertility schedules. The arith-
metic mean of the slope distribution is calculated as the
sum-of the slopgs in an age-distribution divided by (y-1)
pge*groups. Variance is the measure of dispersion and ié
equal to the sqguare ofhthe standard deviation of the slbpe
distribution. The variance of the slope dﬁstribution is
the distribution around the mean slope. The slope is the
differenée between the proportions of successive age-groups
in an age-distribution. ‘The age-~distribution has fixed .
fertility and mortality schedules throughout £he period of
population projections and/qr during the process of stabili-
zation. Tabies 3.1, 3.2, énd 3.3 demenstrate that for

quite some time in the projections the mean of the slope

&

distribution does not show any consistent pattern.' In the
early part of the projections, the mean of the slope distri-

bution goes on increasing and then declines, again increases

i

and declines, and so on. On the other hand, variance

-

.o
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decreases monotonically for almost the first 75 years &f

the projections. After this period, both the mean and
variance of the slope distributions fluctuate in their j
respective Values’?nd continue to do so until they stabilize
along with the age-distributions. Note that the convergence
of variance to st?bility shoWs higher Vélocity in the first
six or seven decades of projection§ than the convergence of

g 4
-variance towards stability after the first sixlor,Seven

decades. The fluctuations in the values of mean and vari-
ance after 75 years of projections are not, however, as
significant as the fluctuations in the values of mean during

A

‘the early period of Lrojections. -

. ™ | :

A thorough examination of eaq.ICOmputer output ﬂ“

of projections reveals that at the beginning of the projgc-
tion périod some’qf the slopes are,negative. As the time
of projections is prolonged, the negativé'signs of the
slqpes'disabpear.. Obviously, the negative slopes which
disappeér quring the process of stabilization of a popu-
lation'are inherited from the initial age;distribution
{U.S.A.'i963 distribution) becauée of fhe seiectivify of G
migratioﬁ by age which sets a hump durin% an early part |
of projections (Keyfitz and Flieger, 1968, p. 13). Other
reasoné for negative slopes may be agefﬁis;eporting and

age~heaping, age-selective over- or under-enumeration, etc..
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However, if some slopes remain negative throughout the

process of stabilization, the fertility must be below the

replacement level. z

+

One may afgue that, during the stabilization
process of a popplation, the immediate effects of inter-
action between the vital processes are to get rid of the
disproportions in the age-groups of the initial population.
In the early period of population projections, the dispro-
portionate age-groups move along as the successive
age-groups. A closed population achieves a smooth distri-
butiop only wﬁep the persohs in the disproportionate
age—group(s) die out in the course of projections.~ We have

observed that in all fertility schedules it takes almost

85 years for the U.S5.A. 1963 adge-distribution to achieve

smoothﬁess in the age distribut¥on. 1In fact, all negative

v

signs for the slopes, if any, disappear in relatively

higher fertility schedules (1960, 1961, 1962, and‘1963)

after 35 years of projections; in medium fertility sche&L’fl

-ules (1964 and 1965) after almost 50 years; and in low

fertility schedules (1966, 1967, and 1968) after‘about

70 years.. It is also noted that soon after the disappear-

- ance of negative signs in the slopes smoothness in the

t

distribution is not'possibler since the slope for the re-
spectlve age- groups 1s close to zero and it takes another

10 to 15 years to. achieve slopes of. reasonable size. The

'29 from the initial age—dlstrlbutlon, in this
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context, disappear in 85 years, which, incidentally, is
.the‘gpper limit of the maximum age of the persons in the
lnitial popglation.L

To elaborate the abéve point, we have selected
three fertility schedules’of 1960, 1965, and 1968 as'high,
medium, and loJ fertility schedules, respectively, to pre-
sénﬁ the stabilization process in & graphi¢ form. There
are three selected slope.distributions for e;Eh of the
selected fertility géhedules. Slopes for age 85+ must be
ignored as the interval for tHis age—éroup 1s open and is
nbt consistent with that of other age-groups. For each of
the selected fertilit? schedules, three points of time
during th® stabilization process’are seleéted ﬁo demon-
étrate-the process. These points are: {a) slope
distributions after 50 years of projection, (b) slope dis-
tributions after 85 years of projection, apd (c) slope
distribution of the stable population. W? have also pre-

'pOpulation in

. sented the slope distribution of- the initia
Figures 3.2, 3.3, and 3.4 to highlight the changes in the
initial age—distributioﬁ during the process of

stabilization. o

and 3.4 thag

It is evident from'Fighres'3.2, 3.3,
after 50 years of population pr;jections the slope distri-
.butioné have larger'osciliations.than those after 85 years
of projeqtions( while the élope disﬁributions oﬁ the stable

- population show only such oscillations as permitted by the

// :
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definition of stability. It 1s also clear that the slope
distribution for the high fertility sc@égule has smaller
oscillations that that of the medium and low ferfility
schedules after 50 years of projections. Siﬁilarly, the
slope aistribution of the medium fertility has smaller os-
cillations than oscillations in the low fertility slope
distribution (éée Figures 3.2 and 3.3). After 85 years of
projections, the slope distribution of the high fertility
schedule: (1960) is close to that of the stable distribution
(Figure 3.2). As fertility declines from 1960 to 1968
monotonically, the slope distributions'after 85 years of
projections for the 1965 and 1968 fertility schedules are
distinctly differeﬁt from the respective stabie slope distfi—
butions. #From Figureg 3.2, 3.3, and 3.4, one may conclude
that high fertility schedules produce smaller Oscillations
than low fertility schedules during the early paft’of the
stabilization process. The exémination of the computer pro-
gram suggests that the negativé slopes vanish more'quickly
with a high fgrtility schedule than with a low one.

Sénfar, we have seen Ehat the‘ﬁigh fertility
schedules diminish the negétive signs in the slopes earlier
than the low fertility schedules. To show how fertility
schedules cause éhanges'inAﬁhe age—étructure over a period
of time, Tables 3.1, 3.2, and.3.3 provide someréuidel;nes.
From Tables 3.1, 3.2, and 3.3, one can safély state that

a-high fertility schedule would produce slopes of larger

.
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size than the low fertility schedule. The size of the
slopes is reflected in the éize of the arithmetic mean of
a slope distribﬁtion.

q [t is observed that when- higher fertility schedules
produce'ique slopes in the distributions the variéhce of
‘the slope distributions do not show a linear relationship
with the fertility levels.‘ In the early years of projection,
the lower the fertility_level, the higher the variance of
the slope distribution. This is because the loﬁ fertility
schedules cannot effectively smooth the distribution. By
the time the stabilization process is complete, the reia—
tionship befween the fertility level and the variance has
no consistent pattern. For example, fertility declines
from l§6O to 1968 monotonically and so does the mean of the
slope distribution, but the variance of the slope distri-
bution declines from 1960 to 1965 and igéreases from 1966
to 1968. - " ‘ ' - |

We know.that'the initial age-distribution does not
have any effect on the stable age-distribution and also
that there is only one mortality schedule used fof all fer-
'.tility.schedules. Therefore, the variance of the slope
distribution, in our aﬁalysis, is affected by the fertility
factor only.’ The'inconsistent pattern in the variance of
the slope distributions a£ the time of stability is due to
the changes in the age of the?stable distributions. fhe

aging process of a population is extensively treated
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in Chapter IV. However, it may be stated here that with

the fertility schedules 1960 to 1965, the corresponding
stable agge distributione change from "young“'age to "mod-
,erate" age. The varlance of the slope dlstrlbutlon decreases

for 1960 to 1965 becausesof the shlft ln the proportlons

toward the-middle age groups. On therother hand, from 1965

to 1968, the fertility schedules,chadge the dietributions
froﬁ//moderate" to older" age,;that 1s, there is a shift in
the proportlons from mlddle to older age g;gups.. Since the
variance is calculated around the mean, the shlft in the
proportlons in elther dlrectlon of the mlddle age group5~;;
resu@ts in, large varlance. *It may further be elaborated

’vby assumlng 1965 dlstrlbutlon as the "moderate"”one and by
looklng at the variance. from 1960 to 1965 and f 611965 to.
1968. The age of the stable populatlons is discussed in

e , e
detall in the dlSCUSSlon of the ‘1ndexso /dlssimilarity" e

in Chapter IV ’ 4 R
: d // iy
: . . : v 2 v,/ o . & ,/ . y s :
G sTAGEs OF THE STABILIZATION PROCESS/ o o h;ﬂ///%
/'/ ’ ) ’ / / i e

- -

So far, we have hlghllgh;ed some . of ‘the analxtlc/l/

Y
t

! aspects of the age- dlStrlbutlonS and/or slope dlstrlbutlons

Ve

durlng the process of stabilization. The data analy51s and
the related dlscu551on 1n the precedlng sect;on deals” w1th

' the effects of narrowly Changlng fertlllty Such an analy51s

&

(by means of projection matrix approach) prov1des an oppor-— //

/

‘ tunlty to learn a great deal about the various stages of .

the stablllzatlon process,
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In our exercise, the stabilization process may be
- ' .
broadly studied in its initial, intermediate, and final

stages.

-

Initial Stage: First of all, one has to consider

in the initial population the component beyond age 8 and
the segment under age 8, where 8 is the highest age of
childbearing. The population\oeyond the'age of reproduc-
tion has no effect on the birth sequence;.and if there are
differenoes between the older population and the stable,
these differences must disappear as the' older population
L)

dies out in a maximum of w-B years, where w is the‘highest
age attained.

- The effect of the population under age B is to
,determlne, in conjunction with the net fertlllty functlon,
,.the time sequence of births from the given moment on. At
the start of the process of stabilization, the birth rate
‘andhthe mean of the slope distribution fluctuate consider-
ably: ’These-fluctuations are meinly due torthe .
. characterlﬁtlcs of the initial age—dlstrlbutlon. The bumps
and hollows around‘the long run exponentlal birth sequence
are significant and some of the slopes are negative. At.

this stage, the varlatlons due to 0 fertility are not easily -

detectable,

Intermediate Htage: As the perSons from the initial
population die out, that is, after the number of years of

projection exceed the highest age attained (in our exercise,



85 Years), ﬁhe fluct;ations in the mean of theAslope
distribution, birth rate, and ogher related measures bef
cbme less and less significant. The negative signs of the
'slopes disappear. At this stage, effecﬁs of ferpility are
visible; that is, high fertility schedules tend to produce
low oscillationslwhile low fertility schedules tend to
‘prodﬁce high oscillations. The meén of the slope distfi—
bution fluctuates but at low rate® and all the slopes have
R ,
positive signs.

Final Stage: 1In the final stage of the process of

étgbilization, the effects of the initial age:aistribution
~are completely eliminated. The‘oééillations start disappear-
ing, depending upon the level of fértility.A with high
fertility schedules, the oscillations disappear more rapidly
thét with low fertility sbhedulgs.' The méan oflthé slope
distribution is almost the same as that of the stable
distribution. Other measures, such és birth rate, ?, and

P

the slope variance stabilize. As the distribution achieves

stability, meaningful relationships between different

parameters ‘are established. -

CONCLUSIO?

{

The purpose of the present chapter is to

illustrate the effects of various narrowly changing fer-

*

tility schedules on one initigl _age-distribution when

‘mortality is fixed. The Process of stabilization is viewed'

-
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in the 1igﬂt ef the changes in the slopes between the two
successive age-groups of an age-distribution. A high fer;
tility scﬁedﬁie with our given initial age—aistribution aéé
mortality level overcomes the osc1llatlons more qu1ck1y
than the low fertility schedule. There is a positive rela-
tlonshlp between the mean 5} the slope. and the level of

fertility. The varlance of the slope dlStrlbutlon is found

to be an indicator of the aging of the distribution.



CHAPTER 1V
FERTILITY AND THE AGING PROCESS OF HUMAN POPULATIONS

In the precedina chapter, we have discussed the
effpctq of relativelv narrow'changes in fertilitv on the
aée—diégribution“of our selective oopuléiion dufinq the A
procesgwpf stabilization by means of the'notign of slopes
betwégnrgheAaqe—qroups. This chapter cohsist; of two parts:
the fif;%lpait deals with the differences in the nine fer-
tility schedules to be used in our’illust;ation.band the
second ekbloreé the differqncés between the one initial and
‘the nine stable adge-distributions. The gortality level is
constant for all nine fertility échedgles‘(UiS.A., 1960~
1968). In other words, with.exactiv thé“same initial
age-distribution aﬂd the mortality schedule; the imbact of

différeht fertility schedules on.the form of the respective

stable age-distributions is analvsed.
METHODOLOGY '

Both simple and complex methods of comparing two
or‘mére.distributioné have beén develogeé by sbcial scien-
tiéts;~,1n demoqraphic literature, stapdardization techniques
bv‘direct'anq indirect methods are cbmmonly émployed in com-
éariné the rates of vital events (Jaffe, 1951, po. 43-52).

When two or mote pooulations are compared, the simplest

-63 . | \
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meﬁhod 1s to combute the prnpbrtinnate diétributibn of each
population. After the Droqprtionate distribﬁtions for all
- populations are compuﬁed..the percentace ppint differences’
for each category in tﬁe distributions are calculated. The
percentage point differences show how much one distribution
differs from the other. For each cateédry in the-age—‘
‘distribution (for example, an age-qroup is a cateqorV) the
percentage ooint difference indicates the }elafive size of

one distribution over the other with respect to that

catégory. .
- The percentaage point difference‘aoproach hés _
a_serious drawback. Whereas it does indicate the differ-
ences in the size of é category or'categofies, it does not
show the relative.change. If the Dercentagé points for

a categorv are large. the percentace point difference may
also be lafge in Size, signifvinq é major change. On the -
other hand, the difference bétweéh two Small—sizeé Def—
centaages 1is more‘iikely to be‘éméll in size which gives the
imoreséion of'littlé change. 1In such éituations the mere
si?es'of the percentage voints for ;he categories in the
fdistributions mav enlarage or undérmihe the chénge (Bogue,
1969. Pp. 117—12i). To overcome this shortcomidg,‘ﬁgﬁiﬂe-;
\jent cah_be»made in the percentage point differ nég/method
@v Computing the 'index of relative compé ition" (Bogue,
Q969;,gnd Smith; 1966) . qghe loaic behind construycting the

L .’ - c T - ' . . Y
index of relative com0051§;0ﬁfls that the absolute size of

the percentaae point/ﬁig;;rencéé is relate taathe

-«
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percentages from which they"have been\derived. To make
compositional differences more meaningful, proportions of
the percentage point difference to the respective base
percentaae are computed by the formula:

Proportion for X in dis-
tribution A - proportion

Index of relative for X in distribution B x 100
composition for = Provoortion for X in
category X ' ‘ distribution A

Based on the propoftiohatetdistributions,

percentaé? point differences. and the index of relative

@

composition. other simpble indices are constructed. These

indices are used to measure 'unevenness,' ‘'concentration,'

o

or the 'dissimilarities' between two or more distributions.
"The most commonly used index derived from proportionate dis-

tributions is known as 'index of population concentration'’

(Duncan. 1957). or 'change ratio' or 'index of dissimilarity’

(). .
The index of dissimilarity has been used bv

a number of social scientists (Bogue, 1969;_Keyfitz{'l968,
and‘Mason,'l969). Keyfitz (1968, p. 47) ﬁses the index of .
dissimiiaritv to show how differentyag inifial'distribution
‘of a pooulatiohlis from the stable distribution. The index
of dissimilarity is caleu]ated‘bv takinc'%wo.percentaae
distributions, subtracting oﬁe distribution from the other

to get a distribution of percentage point differences.

These percentdae point differences have positive (+) and (-)
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.négative signs. The sum of + signs always equals the

sum of - sians. {KP sum of the categories of alike signé
is called fhe index of dissimilarity. One can alsb take
ﬁhe total of all percentage point differences irrespective
of the sians and divide the total bv 2 to get the index

of dissimilarity. Arithmetically: .

-

where A and B are two proportionate dis}ributiohs and
X is a categorv.

It i1s.clear from the formula that the index of

1

dissimilaritv shows the total'chahaé frém one distribution
- o ) s ’ )

to the othgr. It does not-svecify the pattern by which
the two distributions differ.' In other words, &4 does not

give a clue to the compositional difference. 1In our analy-

! . . N
,S81s, we have made use of both the distribution of percentage

point differences and the index of dissimilarity.

S e
. CHANGLES IN THE U.S.A. FERTILITY 1960-1968

@ f , -

-

From Table 2.1" (Chapter II).we know that thé
fertil;i&%ﬁf'the U.S-A.;deélined each vear from 1960 to
1968. Table 4.1 shows the percentage distfibution of age-
specific'fértility rates fo} each yeaﬁ} Téble 4.lLis
constructed by conversina the age—émebifi¢ feftili;v fatés
into the'pércentaqe of 'total fergilify so that eacﬁ fertil:j

ity schédule adds uo to -100.0.
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Table 4.2 shows the percentace point differences

between the 1960 fertility schedule and each of the eiaht
1961 to 1968 fertility schedules. In other wnords, Table 4.2

shows how the age-specific fertility ovattern of U.S.A. fe-

‘males between 1961 and 1968 differed from the 1960 pattern.

Ba;ed on Table 4.2, Table 473 1s constructed to show the
index of relative composition of age-specific fertility
rates from 1961 to 1968 taking the 1960 fertility schedulé N
as the base. 1In fact,'Tables 4.2 and 4.3 demonstrat%,'re-‘
spectively, the absolute and relative changes in the
fertility schccules of 1961 to 1968 in coﬁparlson with the
1960 bfeA?ﬁllty schedule. The negative sians in Tables 4.2
and 4.3 indicate for the respecg&ve ace-aroups pbroportionate
increases from the 1960 fertiliig schedule and‘plgs signs
1nditate decreases, |
From Tables 4.2 énd 4.3 one can see the .
co~3051t10ﬂa1 cbanges in the ‘8§tlllty schedules of 1961 to

1968 from that of 1960. The percentage contribution of age-

7 4
sroup 10-14 1""reasec for 1961 to &568 as compared to the

ge

3
at

[N

o

cont

-

Utiiﬁgof age-aroup 10-14 in 1960. Since these per-

centace polnts are very swall 1n size, the magnitude of the
o - —

absolute change denonstrated by Table 4.2 is small (or less

-~ N o ) ," = . B .

than noticeablel. The percentage contribution of age-qroup

15-19 cdeclined mon otonically for 1961, 1962, 1963. and 1964.

In 1365. the cbntribution by age-group 15-19 toward the

total fertilitv Zaclined onlwv slightly from that of 1960,

and reveréed'the trend for 1966, 1967, and 1968, when the

O
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contributions by age-aroup 15-19 increased relative to that
of the 1960 schedule.
The vercentage contribution of age-group 20-24
toward the total feréilitv is lower everv year in the 1961-
1968 veriod than in 1960 (see Table 4.2). The minimum
decline for this age-group is for 1962 while tge maximum
decline is for 1965. With these two exceptions, the de-
crease 1in the contribution of age-group 20-24 is monotonic
over the period. Age-group 25-29 shows an altogether oppo-
site trend to tha£ of ageégroup 20-241 However, in spite
of the decline in the overall contributiqgf from 1961 to
1968, age-group 20-24 remains the modal aée-group in all
schedules. From 1961 to 1968, the age-group 20;24 always
made greater contribuﬁions toward the total ferfility than
~the contributions of the age-group 25-29. The contfibution
-of the age-~group 25-29 toward the totaf fertility increases
monotoniéally from 1961 to 1964; for 1965 and 1966 the incre-
ment in the contribution decreases; and for 1967-1968, the
contributions show an upward tfendl_h o
For  the age—éroup_30—34 there is a monotonic
increase in the.pefcentage point contributiéns to&ard thé
total fertility for the years 1961 through 1965. In 1966
the trend in the perqentagetpoint cont;ibutibns;is rbGersed ~
énd for the last ﬁwo years £%e confribution decreased
;¢relati9e to £hét of 1960. For age-group 35;39 thqeperéentage

contribution was lower in the years 1961, 1962, 1967 and 1968}‘

!

!

o«



For the years 1963, 1964, 1965, and 1966 age-group 35-39
contributed proportionately ﬁore-toward total fertility
than in other years. The age-group 40-44 shows increase
in the percentage point contributions for 1961 to 1966
but there was a decline in the contribution toward total
fertility in 1967 and;1968. Age-group 45-49 shared the
trend of age-group 40-44; that is, the percentage contri-
bution of age-group 45-49 increased for 1961 to 1967
! relatively to 1960, but there was a decrease in*he(
'contribution.by this age-group in 1968.

So far we have discussed changes in the
agé-sbecific fertility pattern of U.S.A. females fro%
1960 through 1968 (Table 4.2). What'neeés to be considered
now are changes in the gelative contributions made by each
age-group. Because the contribution of age-group 10-14
toward total fertility iskvery small, the age-group could
P
experience extreme variations between 1961 and 1968 with- -
out much'impact on tétaf‘fertility.‘ The\index of relative -
compositipn for age-group 10-14 varies from a minimum of

i

5.5 pér cent to 84.40 per cent. Although the relaﬁﬁVe
: ) : . 5,
contribution by age-group 10~14 almost doubled from 1960

to 1968, it remained quite insighificant. The other age—
4

groups which experienced~significant changes are 15-19

and 45-49.

s



vof 1961 to 1968.

changes from 1960 fertlllty pattern are dlfferent for 1966

The 'percentage distributions (Table 4.1) of
fertilitygf?tes from 1960 through lQﬁé show that up to 90
per cent Eé}tllity inemn/@mmr occurs® ta four age-groups:‘
15-19, 20-24, 25-29, and 30-34. Out of these four age-
groups, age-groups 20—2{ and 25~29 contribute most to the

total fertility. Although the index of relative composi-

tion is the highest for age~group 10-14, the indices of dis-

simitarity for the years 1961 toyl968 are highly dominated
by the age-groups 20—24fand 25-29. However, age-§roups
20-24 and 25—29 behave 'in opposite directions. Pe:centage
contrlbutlon by age-group 20 24 toward the total fertkrity L
decreased all the way from 1960 to 1968, while percentage
ContrlbutlonS by the age-group 25-29 increased during the
period 1960 to 1968. It may be concluded that the fertility

decllne fpom 1960 to 1968 was age-selective dominated by the

Wdecllné'ln the contrlbutlon of the-age-group 20-24 toward

the total fertility during the perlod though such a decline
is compensated for by smaller increases in gontrlbutlons of
numerically less 1mportant age-grpups Such a shift in.the
percentage contrlbutlons flattened the fertlllty dlstrlbutlons

?

The index of dissimilarity in ‘Table 4 2 shows the

»oVerall changes in the fertlllty schedules of 1961 to .1968.

- 3

from the fertlllty schedule of l960 For example, the

from those of 1968. 1In 1966, the proportlonate contrlbutlons

) : v
of age-specific fertility rateS’toward the-§espective total

K

@ -
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fertility increased for all age-groups but the 20-24. 1In

1968, the percentage contrlbutlon toward total fertlllty in-

\r" '

creased only for age-groups-10-14, 15-19, and:25—29. ;Thef'

rest of the reproductive age-groups show decline in tﬁeir:' NG

.
percentage contributions. In other words, the increasefin
percentage contributions by three‘age-groups is compensated
for by the five age-groups in 1968, while in 1966 the decline
in one age-group (20-24) is compensated for by the lncrease
in the rest of the seven age—groups. o ’ | . '
Although decline in U.S. fertlllty from 1960 to
-1968 1s malnly due to the fertility performance .of age-
.group 20~ 24 age group 20-24 igmalns the modal ageﬁgroup,,f. “//
hanges in, the fertility behaviour. for the U S of other
age-groups, partlcularly that of younger and older f%g‘.§’#

reproductive age—groups,'are relatively unimportant{

Intrinsic Characteristics of Fertilitx Schedules

'.x'

. To see the long- range effects of the fertlllty

schedules of 1960 through 1968 lsome demoqraphlc measures

<>

at the énd of the process of stablllzatlon for each fertll—

C ity schedule are calculated ~As the characterlstlcs of the_g }/f
’ .

ventual stable populatlon are, -in fact, “the characterlstlcs
/
offthe/ggmographlc condltlons 1mposed by us at the start of
o

the process of stablllzatlon, the demographlc measures

calculated at the end of the process are termed as 1ntr1n51c:37ﬁ§

pp. 1- lO) o Lo - .
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. o .
Table 4.4 summarizes the effects of the fertility

It is clear frohm Table-4.4 that there is a mono-

onic decline as measured by crude birth rate and % in
¢

U.S.A. fertlllty from 1960 to 1968. -1t wiil be recalled o*
14

from Chapter II that the values of H {r = log !:) and the -

crude birth rate for females show yearly reductlon in fertil-

ity from 1960 to-1968 ‘ The crude birth rate for females

o | decllned erm 26 06 per one thousand .in 1960 to 16. 79 in

fl968 ThE}effects of the decline in fertlllty are felt on
the COmpOSltlon/Of the flnal age-distributions. The per-

‘.;)'cthtage p011ti for aée 15 and below dropped from 34.82 for

"“the 1960 schedu}é to 24.11 for the 1958 5chedu1e whlle those

E fOr ag//ds/and above 1ncreased from 22.27 for 1960 to 34.77

_qor 19687 j

' ; //_f Be51des H, the 1nert1a of populatlon is computed

A LI / -
" Ior each §EBt111ty schedule.; The COefflC1ent of populatlon A
| o s N \ e
{ 2
!

- 1nert1a has been deflned by Bourge01s Plchat (1971, p. 241)’//v

4 ,,n

'/ /‘1.' )
s1ze of the ﬁame populatlon at n4me t+n where n is the‘

i ?
‘.‘

o

/{a 'the ratlo of the 51ze of a populatlon at time t to bhe
}
y
|
{
I

1n%erval /.The coeff1c1ent of populatlon inertia. rep
; e ,/ . P
fj relatlve change 1n the 51ze of ‘a populatlon at tw "points
K / A . i!/,

of tlme Both the populatlon 1nert1a and A are 1nter-

-
I S g [’ ’ N

*related;concepts

'n]thataboth arelrelevant to grewth

i i
] i

"'/ potent1 l '6Whl e populatlon 1ntert1a shows relatlve change

1n the slze of ay populatlon, x“‘ls the domlnant characterls-

o T

(RN ¢ s

t1c root., After|a populatlon has achieved stablllty, o

. H ; R
’ P |
- l : . B — -
= i A
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the values of -, and population inertia are exactly the

-

same for any two points of time.
- In our analysis, we have computed the pdpulationf
inertia by taking the ratio of the size of the population;
at the time. of stabilization to the size of the initial |
population. Table 4.4 shows that by the time a populatioh
achieves stability, the population with 1960 fertility

would be_45.84 times the initial population, 3? 77 times |
the LnltLal/populatlon with 1961 fertility, 43.3 times w1th
1962 fertility, and so on. One could easily see /the advan-
)tages of lower fertlllty from Table 4. 4‘ Except for 1962,

the po\ulatlon inertia decreases with the'decline in fertil-
ity. ‘The exception for 1962 fertility is due to the ;act
that with 1962 fertlllty the .population stablllzes after

205 years of prOJectlon whlle w1th 1960 and 1961 fertlllty

»~

,,schedules the Stablllty is achleved in- 195 and 175 years,

respectLVel Althouoh.the populatron with b963 fertility,
¥ )

schedule stablllzes in 2fb years,,yet the fertlllty level

<

of 1963 1s of such -a magnltude that the populatlon 1s 1ess

ythan that of 1962 fertlllty - j ‘ o
. ‘I . J ’

" INITIAL AND' STABgE AGE-DISTRIBUTIONS
oo FOR U.S.A 1960 1968

*
1 -
! . . o

— = . 5 - : ' o

There are thﬁge determlnants of each age—‘

¢,

dlstrlbutlon.f (a) fertlllty and mortallty schedules,

(b) age comp051tlon of populatlon, and (c tisﬁlntegaction '
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between age composition and the schedules of fertility'and
morfality (Coaie; 1965); It is well recognized that the
stable'agefdistributiOn is largely determined by the in-
trinsic rate of growth and the fraction of population p(a)
which survives from age zero to a. Since we are using only
one mortality schedule, one initial ege—distriQution, and

a number of fertility schedules in our anélysis;“mortality.

and initial age compositional effects are controlled. Thus

the stable age-distributions, in this anélysis, are the

result of the fertility schedules. Ryder (1960) has shown '

o

the effects of isteraction between fertility distribution

and the age compositfon .of a population on the fertility
. K ' - .

rates. For ekample, Oyder (1960) has demenstrated that if .

the mean age of child-bearing falls, the fertility rates .
would increase,and the fertility rates would decrease if

the mean‘age of child—bearfng rises. ¥
. From Coale" ' s*and Ryder s works, one can cdhclude\

that out of the three determinants of age, £;rtlllty, -and.

the 1nteract}on between fertlllty and age comp051t1d;:are;.

vitally important. Concerning visualization of the§procees

of 'stabilizatjon, ,Coele (1972~ 104) observes:-

v . | l;,/,‘ 4{?«’ Y ;',
A very pspful’ p@int ¥4 such a- v1suallzat10n
is recoéh»tloﬁ d& th1 fact: There must:be

~an initial popuiatlon &hat would generate-
"exactly.the same eXponentlal birth sequence
as any glven initial population--without anyv
deviations or flugtuations. This populatlon
has a stable age- dlstrlbutlon firom age 0 to

- and a total ‘size to age 8| [ {0 lb) waia)

_ * where C(a)_ is the proportlon a aue a in %he

Pl stable population ] such that the ‘magnitude of

its exponentlal birth sequence 'is the ‘same. as

[N

r
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that of the given population. If this
population is subtracted from the given ini--
tial age distribution up to age ., the.
| remainder generates exactly the same devia-
‘ L}tions as the whole initial population--but
'a zero exponential sequence. '

Where the deviatipns or fluctuations between the
initial ‘and the Stable agé-distributions are important it
is" also important to study the properties of ﬁhése devia;
tions. The folloy{ng pageé“aie an attemﬁt to explain thé ‘,ﬁ ®
properties of deviations. The questions as to how’the ini-
tial population forgetsvits past age disﬁribution, how much

it differs from its stable distribution, and the probable -
@ . B
reasons %ehind the differences between the two distributions

form the core of this section.

Analysis ™ = . - —_ ‘ o

i

As‘mentioned earlier, the U.S.A. 1963 population fv

[y

1s treated as the initial populatiOQ5"The age—specific fer- .

tility rates for the U.S.A. from 1960 to 1968 are applied

to the initial population to obtain the stable age-

- éisiributions ﬁérieaéh fertility schédule. In all, there

are nine stable age~distributions and one initial ager‘

distributioh. Tablem4.5‘demonstrates thé'initial d§§tfib§tion

-and nine stable age—distgibutidﬁs, one stable;poﬁulétioq fgf;
o . o e ‘.

each of the fertility schedules.

»

‘ : -4 L s . - ;
‘The differences between the 1n1t1al”age-dlstrlbutlonfj

,

/ ' o L ‘ - , PR
.and each of the stabléfage:distributions\ane,depicted'in"
. / . T . . .

Table 4.6. Each of the stable age-distPibutions is

»



o}

®

’the.age—grOups gain in proportlon with 1968ffertility

. . P
.o

80

subtracted from the initial age-distribution to get the -
percentage point differences for each ageegroup.

The examination of Table 4.6 suggests that the
index of dissimilarity (a) decreased from 1960 to 1962.
Age- groups 0-4 to 30-34 are the ones which galn the propor—
thnS at the time of stablllzatlon, while age groups 35-39 °
and above lose the proportlons for 1960, 1961, and 1962
fertility schedules With t;e 1963 and l964dfertility

sche ules, the ageggroup'85*'(oldes£A0f all) joined the

\ st . . I
younger age-groups (0-4 to 30-34) in increasing their pro-

portions. ‘With 1965 fertility, the pattern of gains or
! 3

(losses_in the proportions by age-groups is changed. The

Van

young age—groupsfoe4 5-9, and 10-14 and age- groups 35-39
to.70- 7% lose while the-rest of the age- groups gain_ propor—
tlonally, With the application of 1966 fertility‘rates,l"
tﬁe age—groups 0-4 to 15-19 ahd'the age-groups. 30—34_to‘
55-59 ‘lose proportionally while all other age;grOUps gain.
With 1967 fertilitf, the‘age—groups 0-4- to 15-19 andfthef
age-groups 35 39 to 50-55 lose and the ~age- groups 20 24 to

30-34 and 55+ galn in proportlons Age- groups 0 <4 to. 15- 19

- and % 39 to 45 49 lose in proportlons whlle the rest of -

. A Lo ,:. .
sthedule. : ,j* Lt

On the - ba51s of Table 4.6, 1t may be suggested '

that for hlghex fertlllty schedules, the younger ‘age- groups

galn proportlons and the older age gr0ups lose in proportlons

-

D
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ge it iS'evidént.frou'the stable distributlohs of 1960, _‘%
1961 and 1962 fertlllty schedules\ Sigze fertility.de—
clines every year from 1960 to 1968 the older age—groups'

k\galn and the younger age-groups lose proportlonally. It is
\
evideént from the table that,the’ first age-group which is

- affected by a reduction in fertllllty level at the time of
stabilization is the oldest ageegroup(s). (For,example,

with 1963 and 1964 fertility schedules, age-group 85+

' gained proportlonately to‘the 1n1t1al age- dlstrlbutlon )
1

It will be remembered that the stable populatlon theory téﬁls
us that the initial age-dlstrlbutlon and mrgratloh component,
have'u: effeet'whatsoeuer‘ou.the'stable ageJdistribution. ¢
As the fertility is.further'reduCed the next older age-
group (5) gain ir propprtions. This.oan be seen from‘the-
percentagespoint difference distributrohs for eachtfertility-
schedule. With l965'fertility level (which is 'lower than
'that of 1963) age- groups 75-79, 80;84;dand 85+ gaih-in'pro-
portions. Wlth 1966 fertlllty schedule, age- groups 60~ 64“_
and above galn proportlonally, w1th 1967 fertlllty schedule,

+

age-groups 55—59 and above, and‘w1th.1968, 50~ 54 and above.

»gaiu'ih}proportions‘

| What happens to the younger age groups? The '
.~younger age groups gain with hlgher fertlllty level and lose .
:ln proportlons with lower fertllltyulevel*by the tlme Staf'jw

blllzatlon has been achleved Proportlonal galn by

Il

. t 3
'age group 0-4 with the 1960 schedule 1s maxrmum when compared

PR
i’
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with the gains by 0-4 age-group in all the oth er fertlllty
schedules. With the decline in each subsequent fertlllty
level, the gains- 1n‘propo;tlons by age- group 0-4 become

less and less until w1th the 1965 level they turn into actual
losses. These Iosses increase monotonlcally until the-1968
level has been rea%hed ,The contlnulng dw1nd11ng in the
‘Proportions of this ~age-group .is p051t1vely related with the
reductlon in fertlllty. Age—groups 5-9,through'25-29 behaye,
-identically, although_the correlation gets weaker and Weaker.

It is 1nterest1ng to- see that the proportlonate .
ot

- dlfferences between the’ nltlal and the stable age-

‘_dlstrlbutlons have varying atterns.‘ With l960'through 1962

fertlllty schedules, the young age-groups (0-4 to 30- 34)

gain in proportlons whlle the older age- groups (35 39 and

above) lose Wlth 1963 fertlllty, the process - of galns or

lpsses in the proportlon changesbso that'the oldest, age—\

groups start gaining and the youngest age groups losing.

The pattern of positive and negatlve 51gns with 1960 1961 '!‘~.

and 1962 fertlllty schedules is upset by 1963 fertlllty

There is no more con51stent demarcatlon of p051t1ve and o, Y
: negatlve 51gns‘\ The fact remalns that w$¢h ‘lower fertlllty,

R the oIaEn_age groups gain in proportlons in a descendlng
E‘order of age and’ the very young age-groups_lose in an

ascendlng order of age. One could probably ant1c1pate

'that w1th further reductlon of fertlllty from 1968 level

the pattern “of p051t1ve and negatlve 51gns 1n percent/ge
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point difference distribution would form the pattern
consistent with‘those of 1968, 1961, and 1962 fertlllty
schedules. Such a pattern with lower fertility level
would be opposite to that of higher fertility levels ’
f%rejka, 1973, p. 103) For example, with a low fertlllty,'
all those age~groups that gain with hlgh fertlllty sched—
ules would lose in proportlons_and the older age*groups
.which lose in proportions wlth high fértility'schedules ;
would galn w1th low fertmllty schedules (Kiser; 1968, and
Rosset, 1966).% |

~In other words, low or hlgh fertlllty produces .
older or younger populatlons by means of . galns or losses‘
, »
_dln the proportlons of“age groups What about a fertlllty
1evel through which elther younger or older age groups do .
not lose or galn 1n proportlons'> Or, if they do, the losses.A
or gains in proportlons at the extreme ages are negllglble.
Such a fertlllty level'ls p0551b1e in- human populatlons as
it is ev1dent from the effects of 1965 fertlllty schedule_
on the age-~ dlStrlbutlonﬁ Should such a populatlonObe
‘ela551f1ed as younger or older’ A fertlllty level through
hwhlch a populatlon nelther loses or galns proportlons at
-the extreme ages can he cla581f1ed as an adult"popufatlon
for the glven age dlstrlbutlon and the glven band of fer-vy-f

S tility schedules In. an adult pOpulatlon, the major changes.

S inm the proportlons occur 1n the mlddle age groups.

S

e
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The distributlon gentrated by 1965 fertility schedule with
the 1963 age—distrlbution is close tovsuch‘an 'adult'
concebt. h . ' )

The understanding of the losses or,gains in the
proportions leads us to argue'that'the index of dissiﬁllarF
ity (A)’for two~differentkfertility levels may.be the same

but therr dlstrlbutlons gf galns and losses. may well be

'».entlrely dlfferent ; In‘our‘nlne,dlstrlbutlons of percentage

- : ’ . o

'p01nt dlfferences'(of which A is an outcome), it is. eVident»
that hlgh fe(%lllty (1960) has the largest Value of Y and
that the value of A decreases monotonlcally from the 1960
'through 1965 fertility schedules. From the 1966 through
1968 fertility schedules,'A increases monotonically With
'another couple of still lower fertlllty schedules, the &
’.would presumably 1ncrease further and reach a level close _
.to that of .tHe 1960 fertlllty The 1963 and 1968 fertlllty
scbedules glVe almost 1dent1ca1 indices of dlSSlmllarlty,_
yet the dlstrlbutlons of galns and losses are entlrely
vdlfferent ThlS shows that the A alone does. not render full
flnformatlon and that the complete percentage p01nt dlfference
‘;_dlstrlbutlon from whlch A is derlved is necessary to.

: 1llum1nate further the dlfferences between the two

- dlstrlhutlons. ;/h ’}_. IR .f?; r;i _—_1!;>
The -index of d1$51m11ar1ty hasbbeen used to state

.?3(‘
hthe dlstance of the: 1n1t1al age dlstrlbutﬁon from the '
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stable age—distribution (Keyfitz,hl968; p; 47, and

. - /"‘\5-\ ¢ X ’
Mukherjee, 1973). Mukherjee (1973) suggests/that the LA

51ze of A can be used as a“%rlterlon to determlne whether,

a populatlon,ls:stable or not, Out of dlfferent%setsAof )
) initial and stable age-distributions} he treats?bne set
as tHe‘standard.one.‘ The A COmputed for-the\standard dis-
trlbutlons is termed the standard 1ndex of dlSSlmllarlty
By u51ﬁ% the notlonSQf standard 1ndex of d15$1m11ar1ty, '
A.Mukherjee (1973) states that the age- dlStFlbutlon W1th B
smaller than the standard Ly be cons1dered as stable and
'the dlstrlbutlons with larger.A than the standard one as
non-stable. However, a comparlson of the last llnes of
our Tables 4.4 and 4.6 shows that the 51ze‘of=Abls‘a poor?ra
indieator of'thebtemperai distance between'a%’inibdal"
'.‘age?distribntiqn andAitsjstabie form. f/? '
| Tbe distance'between the initial‘and'the stable'“
_age dlstrlbutlons as ‘suggested by Keyfltz and - Mukher]ee
may. ‘be 1ntgrpreted in two-ways-\ (1)A How much tlme the\
1n1t1al age- dlstrlbutlon w1th glven fertlllty and mortalﬁky
,‘schedules would take ‘to reach stabllaty,\and (2) How much
a stable dlStrlbutiOD dlffers,-ln terms of proportlons,

l

"~:.from 1ts 1n1t1al age~dlstr1but10n._ QBWever,'and to repeat,.

b . o . R Y

- there is no one to-one con51stency between these 1nterpreta-'?*‘

K

tionslof the dlstance between 1n1t1al and stable
f age dlstrlbutlons._ A detalled crltlcal\fomment on Keyfatz s&:;;;f

/
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and‘Mukherjee's argument’isyprovided in the following'
.chapter L/On the: other hand‘ A does show.how much an 1n1~'
‘tlal population changes its age when it achleves stablllty
if a glVen fertlllty schedule is kept constant A smaller
value of & suggests that the'lnltlal populatlon was reason; ;
ablygadult to begln w1th, that is, it has become nelther
older_nor.ycunger byhthe time of'stabiiiaatiOn;' In other.
wordsélthe age of stable population'is about'thehsame as
" the age oi_thepinitial popul%tion;" |
concLuszoN . Y ;
.The.highlights of{the@§re5ent ¢hapter'may be
summarized as- u‘ o d :
| ‘1. Whereas the fertlllty of the U S A. decllned _
- from 1960 to’ 1968 there 1s also a- change in the pattern
of contrlbutlon by: age groups toward the total fertlllty.g
IThe relatlve contrlbutlon toward total fertillty 1ncreased
lfor younger age groups (for example, 10~ 14), decreased/fo
dolder ages, phat the pattern of fertlllty remalned domlnated-
‘by age—groups 20 24 and 25 29. | | | |

2 In the percentage contrrbutlon toward total

ecllne from 1960 to "

fertlllty, age group 20 24 showed a
f 1968 but it remalned the modal age-gfoup, whlle the"
cnage group 25 29 showed an’ 1nc§hase'1n the percentage

_contrlbutlon toward total fertlllty from 1960 to 1968.
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- . 3. Contrary to the suggestion of Keyfitz and

‘jhukher]ee, the index 6f dlSSlmllarlty does not suggest how’
distant, in he temporal sense, an 1n1t1al age—dlstrlbutlon
ig from its stable‘distribution., Rather, the index shows
the extent to whlch a’ p0pulatlon has changed 1ts age during
the process30f stablllzatlon. As an adjunct of percentage
point dlffereﬂne dlstrlbutlon, the - 1ndex of d1551m11ar1ty
is a useful measure 1n show1ng how much older or younger

a populatlon beComes relatlvely to 1ts 1n1tral age. after |

-

‘:a glven fertillty schedule remains Q\:stant
ur emp1r1ca1 f@rtlllty»

‘4:. W\th narrow changes in
_the Very young and .the very old age groups of our one dls-

-

trlbutlon are affected The mlddle age groups of our one

ydlStrlbuthn are not as sensrtlve as the extreme age groups -

)

'1n terms of galns or losses 1n the proportrons. .Howeverij
we have not. cdﬁs“dered in this the51s, whether other age-
dlstrlbutlons and dlfferent famllles of fertlllty schedules
fmould produce dlfferent results,jexcept for one used of

Japanese data in Chapter V. f;

’

\
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CHAPTER V'

-
“ -

DISTANCE BETWEEN INITIAL AND
STABLE AGE-DISTRIBUTIONS

_ In.ChapterfIV,»We”haveAfound thatAthefindex of

.dissimilarity’for a grveh age—distribution is:a'function of:
chanoeslin'fertility.u We aiso'found that'the-:A}dndicates_'
fthe changes_in‘the age_of'an initial;population*after the'f
stabilization process has been compieted.‘-The iarg; or
| alge‘of ‘A;, with the a1d of the proportlonate dls- W

shows how much an 1n1t1al populatlon would be

younger or older at the tlme it achleves stablllty w1th
. Ly

a glven fertility level The 51ze of A is predomlnantly
affected by the very young orwvery old age-groups. However,'~

our conclu51ons in ‘this regard were based on only one age—;

-

dlstrlbutlon and a rather narrow range of- nlne fertlllty

7

schedules In thlS chapter, the arguments about the 51ze

of' b and ‘the dlstance between‘the 1n1t1al and the stable ;

~age- dlstrlbutlons are contlnued and extended by examlnlng

. the effects of a hlgh fertlllty schedule and a’ below—'u

:'replacement level of fertlllty schedule oh the 1n1t1a1
.age dlStrlbutlonS‘:;,i | o

| ‘ The notlon of dlstance is w1dely used 1n
'umathematlcs and mathematlcal statlstlcs,vmalnly 1n the '

'Vhanaly51s of topologlcal spaces (Rudln, 1966, p 9)



‘Distance function is non—ﬁegativ

‘dissimilarity may be classified a

91

+ _ |

in‘naturea:ilndeh of’
'equtvalentwto the no-
tion of absolute digtante function. In this ohapter; the
distance between‘the\dnitiai and the stabie'age—distribu-
tlon means ‘either {(a) the proportlonate dlfference between

the 1n1tf§l and the stable- age dlstrlbutlon or. (b) how much

time an 1n1t1al populatlon w1th given fertility and

_mortallty,schedules takes to achleve stab;llty

(N

ANALYSIS .

The41963 age-distributibns for the U.s. A. and
Japan and their respectlve fertlllty schedules are selec—'

ted. In all -four stable age—dlstrlbutlons, namely, A, B,

”C,'and'b‘are sought In dlsﬁElbutlon A, the u. S. A. 1963

w

’_fertlllty and age dlstrlbutlon 1nteract to produce a. stable 2

‘age dlstrlbutlon.- Stable age dlstrlbutlon B- lS an outcome .

of the U S A 1963 fertillty schedule and Japan s 1963
1n1t1al popg;atlon In dlstnlbutlon C, Japan s fertlllty
(U N ' 1963) and her 1963 age dlstrlbutlon, and 1n D, .-

Japan S fertlllty and. the U S A 1963 age distrlbutlon

.

’-1nteract,~respect1vely

rv ) ) - v

- The 1nteractlon between the age-dlstrlbutlons '

'.and fertlllty schedules 1s summarlzed 1n the follow1ng

'form. St 'fii,_ “hku' 7-'ffﬂ”:f“, L
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. %
Interactlon between Fertllity Schedules

_ and Age- Dlstrlbutlons* _— Sy
- AGE DISTRIBUTION . o FERTILITY
_ ' ~u.%.A. 1963 BY\PAN 1963
J, u.s.a,, 1963 ' A T
JAPAN, 1963 : LB . c

«

*Alphabetlcal characters in thé cells are the

- resultant stable age- dlstrlbutlons.

@ .~ f‘_ _ - l' Ty

.,hll the combinations of'fertiliti'and in§h1a1 age ~distribu-
tlons are exposed to the U.S.A. 1963 mo;tallty schedule.
Such an 1nteractlon between fertlllty and 1n1t1a1 age-‘.ﬁ
dlstrlbutlons alms at explalnlng the 1mpact of the 1n1tlal
_age dlstrlbutlons (Keyfltz and Flleger, 1971 pp. 20~ 35)

on the process of stablllzatlon of a populatlon.'p

Table 5.1 shows the 1n1t1al ‘age- dlstrlbutlons for

.

(the U.S.A. 1963 and Japan 1963 (columns 2 and 3) along w1th

,the percentage poxnt dlfferences between the two 1n
column 4, In columns 5 through 8 the stable age- s Q
dlstrlbutions by each comblnatlon of fertillty and 1n1t1al

‘ age dlstrlbutlon are presented , There are two 1dent1ca1

Astable age dlstrlbutlons for each fertlllty schedule.' Slnce

D' .

these two stable age dlstrlbutlons have dlfferent 1n1t1al
"age dlstrlbutlons, the 1nd1ces of dlss1m11ar1ty for the
':1dentlcal stable dlstrlbutlons must be dlfferent._ :xf‘

S e S e s e T

e
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It is. ev1dent from Table 5.1 that the initial
age- dlstrlbutlon of Japan is an unusual one with the flrst:
half of the age- dlstributlon resultlng from the low fertll—
rty of the 1mmed1ate past and the second half rom the high
dfertlllty of the dlstant (assumlng no mlgratlon) past.

The initial -age- dlstrlbutlons suggest that Japan had lower
blrth sates from 1953 to 1963 than. the U.S.A., In fact, the
hlgh proportlons 1n the age- dlstrlbutlon of Japan start -
from age- group lO 14.- This meags that Japan S fertlllty
‘ before 1953 was hlgher than the fertlllty durlng the perlodﬂ
1953 to 1963. PropOrtlons in the age- dlstrlbutlon of Japan.
are hlgher than in the u. S~ age dlstrlbutlon between age-
groups,lO 14 through 35—39 ' For other age groups, the
U S. A. dlstrlbutlon has proportlons greater in 51ze than
those of Japan's dlstrlbutlon L o

o Table 5.2 demonstrates the 1ndex of dlSSlmllarltyn
.andAthe percentage polnt dlfferences between the 1n1t1a1
5and thé,stable age dlstrlbutlon for each of the sets of

™
' fertlllty (A, B, C, and D) In set A, the fertlllty and -

' the age- distrlbutlon of the U, s A 1963 1nteract to produce

:Ja stable age dlstrlbutlon The 1ndex of d1551m11ar1ty for
‘1set A is 6. 92 It w1ll be remembered that thlS set appears‘:.
1n Table 4.6 the l963 column Losses and galns 1n'the |
proportlons by - the stable age dlstrlbutlon from the 1n1t1al :
~fage d17tr1butlon show that the older age—groups except 85+
nlost whlle the younger age groups galned proportlonally, |
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)
© signifying that 19@3 U.S.A. fertility‘e‘entually,produces
"a younger distribution. ' ‘
_ The interaction between U.S.A. fertility
'scheduie and Japan's age-distribution in set B produces

6  of 8.35. The proportiona;e difference berween the
initial and the stable age*dlstrlbutlons suggests that age-
groups 0-4, 5-9, 10- 14 and 65+ gained while the other
age—gfoups lost proportlonally. The three yodng age-groups .
shared .a'most 82 per cent of the total gains in proportlons'
whlle the flve older age groups Contrlbuted the remalnlng

18 per_cent. It shows that the Japanese populatlon,glf it
adopts'U S. fertlllty of 1963, would'eVentuallY‘be

Al

a relatlvely younger population thansit was 1n/196§ ;
| The 1nteractlon between Japan S 1963(fert111ty .
rates,'whlch are helow replaoement level, and‘the U,S.A. ’
1963 age—distributions (D) produces anholder population.
'rThe younﬁ:age-groups 0-4 to 20-24 lost while the older age-_’
groups gained proportionaliy. The pxoportions lost by
age- groups 35 39 and 40 44 are veﬁy small; that is,. they |
constltute only 1 per cent of the total -losses. Had the
'fertlllty level been a little lower, age— éoups 35- 39 and
40~44 would have galned thus leaving allip ortlonal
"losses to the youmger age- groups. o ) e§ -
| - " The percentage p01nt dlfference dlstrlbutlon (C)

'is a result of Japan S ferrlllty schedule and;Japan s_age._

distributien. It shows & consistent pattern.of proportional
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losses and gains; that is, losses occur to all younger
age—groups while all older age-groups gain. Out of A,'B,
c, and D sets the index of dissimilarity is maximum for

. C and minimum for A. The value of. Afor'A is 6.92; for B,

8.35; for C, 18.65; and for D. 13.95.

v

DISTANCE BETWEEN - INITIAL AND STABLE POPULATION
IN TERMS OF PROPORTIONS

4 Let us exaﬁine.Keyfita's (l968)dand Mukherjee S
(N73) argument that the size of 4 is ad 1nd1catlon of the-
dlstance between initial and stable age- dlstrlbutlon., The
dlstance as "defined earller may be interpreted alternatlvely
in terms of proportlons o& the time taken by a populatlon ’
. td achleve Stablllt ‘\\Fn the sets A, B, C, and D, we have
seen that’ thé interactions between the same” feiii;lty |
schedule and dlffefent 1n1t1al age- dlstribut;ons produce
1nﬂ3ces of d1531m11ar1ty of dlfferent sizes. It is an
axiom of stable populatlon theory that with fixed mortallty
the eventual age- dlstrlbutlon 1s;the eventual effect of\;he
present fertlllty, whlle the 1n1t1a1 age-dlstrlbutlon 1s |
'the effect of fertlllty in the past. »

]

What the 1ndex of- d1551m11ar1ty glves us, in

s the difference. between the effects of the past and
¢sent fertlllty If the 1n1t1al dlstrlbutlon 1s free
"1on effects and the fertlllty of the past and

present remained. the same, the size of & would be equal.f

to zero.. If fertlllty of the past is hlghér than the
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'present'fertility, the initial age~distribution which is .
the result of the past fertility would be younger in age

" The stable age dlstrlbutlon which is a result of the present

"l‘

(low) fertlllty would be older in age. Sum total'of the

‘dlfferences between stable and initial age- dlstrlbutlons of

0

the similar signs, 4 , would be large.,’ Slmllarly, an
S ' _— o '
‘initial agefdistribution which is older in age and a younger

stable age- dlstrlbutlon would produce a large'_d. ‘The size
of the index of d1551m11ar1ty may be presented in the

/
follow1ng form:

‘Initial Population  Stable Population’

.Size of A  Level of Age =~ - .  Level of Age
Large - ‘ - Young old.
Large _ - 014 ¢ : - Young.
-Small . . Young U\ - * Young

. Small .+ 0lda . 0la.
Sma1l ¥ . Adult , . - Adult
Medium . © y® Adult ' 0ld
Medium . © 7 -Adult, -~ - Young -
‘Medium - o Adult "
Medium Young " o - .Adult /

As' we have stated in Chapter IV the A, along '
w1th the dlstrlbutlon of the proportlonate dlfferenceS'

between the 1n1t1al and the stable populatlon tells us

about the aglng process of a populatlon when 1t converges

. to stablllty.- A largeA Avshows that the'age of.stable,‘

o

_population is-entirely different'from;the initial -
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population; a s all value of A signifles litﬁle‘change_ini
~the age of the population audra'hedium'si%e A shows a mode-
rate change in age of a ?opulation atdthe~time'stability
is achieved | B

So far, we have found that 51m11ar fertlllty
schedules w1th d\551m11ar initial age dlstrlbtulon or simi-
lar age- dlstrlbutlons w1th different. fertlllty schedules

do not have the same value of the 1ndex of dlSSlmllarlty.

To explaln the dlfferences in thevvalues’of the lndeX'of B

_dissimilarity, we explored the‘pbssihility of examining the

effects of fertility and the initial age-distribution sepa-'

rately on the stable age-distribution. As U.S.A. 1960 to

NM1968'fertility schedules were'applied to only one'initial

populatlon (U S.A. 1963 age- dlstrlbutlon), one cannot make

use of the nine stable age= distributions. Instead the;..

examlnatlon of the A,,?,.C,eand‘D sets of fertllitY'aud

age—distriButrens‘serves our purpose;d IR

Palrs of A B C »and D that ‘have one of the

two thlngs (fertlllty or 1n1t1al dlstrlbutlon) in’ common |

are formed as AB AD BC, and CD Pair AB. has\the same :(rb
A o

fe;t_lllty (U.S.A., .1963) but dlfferent lnltlal age— o

y

‘distributions, The dlfference between the values of A

'iﬁ'A’ahd B is (6. 92«8 35) l 43 (1gnor1ng the 51gn) Thisj

dlfference is d1v1ded by the larger value of _A' in the |

palr "The multlple of lOO would glve ‘us the . percentagel,

contrlbutlon of the 1n1t1al dlstrlbutlon towards%the .
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dissimilarity of the stable distribution." The‘same_process'

may be employed in evaluating the effects of fertility.

rhe following percentages are‘}he

e

Difference in - Difference in

“Pair - R T A Due to

AB . 17.128 ~ Age-distribution
A . 50.39% Fertility

BC. . ' - 55.22% ' Fertility

CD : . - 25.20% . Age- -distribution

i In palrs AB and AD i7>12 oer cent aﬁd-SO 39 per
.cent dlfferences are explalned as the dlfferences due to .
age structure and fertlllty, respectlvely.n In pairs BC
Hland CD 55 22 and’ 25 20 per cent dlfferences in A’ are. due

~ to fertlllty and" age structure, respectlvely.,

LENGTH .OF THE PRbCESS-oi/sTABILIZATIou ;
| We $aw that €he A& is an indicator of the
'4distanCe'of.initial pbi;ziyion from its stable/form:in

‘terms of proportlons,_ the, avallable ev1dence dlscussed

| above has shown that it is a poor 1nd1cator of temporal
dlstance. We have seen 'in the precedlng pages that the"'
51m11ar valuaf of the A (1963 and.l968-1n Table 4~6) can'
be the result of dlfferent comblnatlons of past and present

"'fertlllty The other aspect of the dlsfance of lnltlal

roduct  of this approach.'

™

populatlon from 1ts stable form is the length of the..se‘.ﬂ"'d

1 : cT . . . N o s [
i . . . . : . - B . . . .
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process of.stabiliiation; that is,'hom much’time the"
initial population, with givern schedules of fertility-and
mortality, takes to reach stabllitv.

i The length of the process of stablllzatlon has,
_been discussed in llterature.v Coale (1972, p. 92) has
Heveloped mathematlcal expre551ons for the coeff1c1ents of
the various terms in the‘blrth sequence as a funszon/pf
‘_the initial age dlstrlbutlon.v These coeff1c1ents are. _
}determlned by the net fertlllty schedule. For the dlffer—“
ent 1n1t1al age- dlstrlbutlons that are subject to the same
net fertlllty functlon, the magnltude of the coefflclents
in the blrth sequence are analysed by Coale (1972 pp lOO-

S.J

104) to examlne the 1n1t1a1 c1rcumstances that lead to'the

L

. -deVlatlons from the exponentlal blrth sequence and the rate

- at Wthh a populatlon converges to its °table form.: It has

* w0

hbeen observed that the small bev1atlons from the exponen— .:‘»

B

tlal birth sequence 1mp1y rapld c0nvergence toward

Stablllty while the large devlatlons 1mply slow convergence. .

~

- Keyfltz (1972, pp l 38) has made use of the .ff

Zflrst four moments of the net maternlty funct on: to gener—

alize. about the tlme of stablllzatlon. In Keyfltz s words.'i'

. The convergence will e more rapld
the greate the positive amount of the ‘third
moment: . skewness on the right hastens con- - .~
vergence.. The fourth ‘moment .acts in the"
q_opp051te direction to *621n the numerator'
and . in the denom1nator- negatlve kurt051s
helps convergence (1972, lO) g .

. o

L@

“”%
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Coale's and*Keyfitz's analyses of the rate:of
convergence to stablllty are exten51ve in mathematlcal
treatment but too technlcal to follow. In the present
section, an attempt is made ‘to explaln the length of the
process of stablllzatlon u51ng ‘the notlon of 1nteract10n
between the 1n1t1al populatlons and the fertlllty schedules.
:_ Table 5. 3 shows that for the U S A fertlllty
',schedules for 1960 through 1968 the tlme taken by 1n1t1a1

age- dlstrlbutlon to achieve stablllty as deflned in Chap-

'_ ‘ter II does not seem to be related w1th elther fertlllty '

or.wrth 1ndlces.of dlSSlmllarlty. Tlme for stablllzatlon
is max1mum for the 1967 ‘and 1963 fertlllty schedules. The
1n1t1al populatlon t@kes least tlme to stablllze w1th 1961

~and l964 fertlllty-schedules. However,'lt is dlfflcult to T
o determlne ‘the relatlonshlp between tlme taken to ‘achieve
stablllty and the fertlllty schedules. | . o

| Relylng exclu51ve1y on the one selected U .S. A.;

age- dlstrlbutlon, one gets meagre results.. As eﬁldent from '
;Table 5.3, fertlllty ‘does not have any con51stent relatron--i“'
.:shlp w1th the length of the process of stablllzatlon.lgf"
“'Slnce mortallty 1s also kept constant for all age—dlstrle;r’
‘Lbutlons, we . are left wrth only the analy31s of the 1n1t1al

";and stable age—dlstrlbutlons.

For the. four sets of the 1nteract10n betWeen:,

.‘fertlllty and 1n1t1al age dlstrlbutlon (A, B, C, and D), ‘i'”i'

ffthe t1me taken 1n iphleVlng stabrllty is 210\¥ears for
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TABLE 5.3 _ .
" o
Length of .the Process of Stabilization for U.S.A.,
) Fertility Schedules 1960-1968 by the
Index of Dissimilarity, Using U.S. 1963 Female .
Age-Distribution as Initial Population

1 Length of the
. - ..Process .

. (in yearS)2

Fertility

~ Schedule Index Of:Dl?SlmllérltY

1960 110,10 _" 'i R 195
el ees g
1863 ..‘1 - : -8.34  ; . A; | 205  «-' "
1963 - ’. - o620 g
‘i9é4l S 558 . - o ‘_,135
1966, ; | a2 hu“vA‘  200
1967 I “: ”}‘;  ?§ 608 o - .215   .
1968 . 7,03 f,'_’ L. 200

“-.-lsourC¢:v'BQttom‘row of our Table 4,6 - .
izsbﬁrceﬁ BQttdm row of:our Table 4ﬂ4

-

e
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set A}‘2§O §ears for B, 350 years'fgr-ch'and 390 Years for
D (Table 5.4). As discussed‘earlier in this'chapter, sets

LY N
A ‘and B. ‘have the same fertlllty but dlSSlmllar initial age-

-dlStrlbUthnS, also C and D haVe the same fertlllty but
dissimilar initial age-dlstrlbutlons. Sets A and D have-
different-fertility but the same age—distribution,’while

‘ L)
B’ and C have the same age-dlstrlbutlon but dlfferent s

\

~fertlllty schedules -

What we . do know is- that the’ foremost task of

'r_da‘given'fertilit schedule 1n the early:years of prOJeC—

tlons or durlng the _rly part of-the proceSS-of
“stablllzatlon 1s‘to :remqve the osc1llatlons 1nherent 1n
,fthe age dlstrlbutlon du to past fertlllty changes,.past'iu
]Anage mlsrepartlng and.p‘st mlgratlon (Chapter III) After @,
'the severe ogqglhatlo S are overcome, the process of sta-
blllzatlon is rapld Such a reasonlng is supported by the

:flen th of the process of stablllzatlon for sets A, B C,
"rand D from Table 5. 4. l'l.;'ff ! ‘ :jby ,A ,
_ It can be demonstrated graphlcally that the‘crudea},l
A/blrth rate for females durlng the procESs of stablllzatlon -

fluctuates for a longer perlod of: t1m for the se _wwhere..
" U.S. .A. fertlllty 1s applled to Japan S age structure and fd

set D where Japan S fertlllty is applled to u.s. A. age |
‘“.<:§structure.. The fluctuatlons in; the crude blrth rate dls-;l”;

appear in sets A and C earller than 1n B and D In the

sets A and C the comblnat on of fertlllty and age—structure_""

s

ﬁ'
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, TABLE 5.4

§

Length of the Process of Stablllzatlon by Fertlllty

Schedules and Inltlal Age Dlstrlbutlons (1n Years)

N 105

. . AGE - . S "FERTILITY SCHEDULE !
DISTRIBUTION . © U.S.A., 1963 ° JAPAN, 1963 -
‘U.S.A., 1963 - - 210 . - 390
- JAPAN, 1963 - 230 - 350
. L
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fis from the same.population;'that is; in set ‘A, the'U S. A..
fertility and d;SiA. age-structure 1nteract and in set C
.Japan E fertlllty and Japan's age structure. |
Three conclu51ons can ?e drawn from the precedlng

discussion:’ (1) Low fertlllty schedules take a- longer tlme ;
.to stablllze than hlgh fertlllty schedules, (2) Fertllity
schedule' forelgn to the lnltlal age- structure takes rela-
tlveyg\more time to achleve stablllty than’ the fertlllty
'hschedule which .is. a product of the 1n1t1a1 age structure,

and (3) A low fertlalty schedule 1nteract1ng w1th an 1n1t1al
populatlon that is forelgn to the schedule takes the maxi-
“mum time for stablllzatlon than (l) or (2) For further o
_elaboratlon of these conclu51ons, the followlng observatlons’
from Table 5 4 are made.' o o -

. as’ we know, it is dlfflcult to classrfy Japan s
*jage structure of 1963 as e1ther young or qld since 1t has”
smaller proportlons at- younger and at older ages and 1arger |
Aﬁproportlons at the reproductlve ages (see Chapter IV) »We::
also demonstrated ‘in . Chapter III (Flgures, 3 2, 3 3,;and E
I3 4) that low level fertlllty schedules take more time to ’frd

0,“

'smooth the dlstrlbutlons;: The Japanese 1963 fertlllty
vschedule of below replacement level takes a-. relatlvely

, longer tlme to smooth out the 1ncon31stenc1es 1n the 1n1t;al
«age structure (sets c and D,ln Table 5. 4) | o

In set D; the tlme taken for stablllty 1s 390

‘u_years, whlch 1s longer than that of C. In the case of set D{fﬁ"m

N

v
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fertlllty remains the same as of C (Japan's fertlllty)

but the 1n1t1al age—structure is that of U.S. A. Thus,
the longer process of stabllizatlon for set D than. C is
due to both fertlllty below replacement level and a forelgn

»

age-structure in set D, whlle in set C only fertrllty of

.negatlve growth potentlal is the cause of the lengthy

process ‘/Set B takes more tlme to stablllze than Set A. -

.'Slnce U S 1963 fertlllty is used in. sets A and B, wh1ch

is relatlvely of hlgher magnltude than that of sets c and
D (Japan s 1963 fextlllty),'lt takes less time to. overcome
the osc1llat10ns in the 1n1t1a1 age structure and hence :
a shorter t1me for stablllzatlon than C and D. The aif-
ferences in: the tlme of stablllzatlon between A and B are
due to the natlve and forelgn ;e structure, respec~"
tlvely, as are those between c and D | .
| We can now attempt to throw some- llght on the

1nconsrstent pattern of the length of the process of sta—

. -
blllzatlon, 1n Table 5, 3,~ keeplng in m1nd all the tlme .

"vrthat the ‘nine stable populatlons there arlse out of one

dlnltlal age dlstrlbutlon.. As. we know that the U S. A

1963 pOpulatlon 1s, 1n fact not a closed populatlon,.the

‘1n1t1al age- dlstrlbutlon used for the nlne fertlllty

schedules is dlstorted due to mlgratlon and other factors. S

o LTherefore, it 1s unreallstlc to assume that 1963 fertlllty o b

e N [ R
schedule of the U S. A 1s the natlve and the rest areef"
ﬁ:u

"forelgn' to the U S A 1963 age dlstrlbutlon., However, ltf~

may be noted that stablllzatlon tlme for all fertlllty
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from the initial age structure.

',,A:gree of forelgnness' of a. fertlllty sched

. 3 o - * 108

schedules of the U S.A. 1960-1968 lies in between 175 to.
215 years, whlch shows that the time.of stablllzatlon varies

with the degree of 'forelgnness' of a fertlllty schedule

[

CONCLUSION

&!

- We have'dealt w1th the dlstance between 1n;t1al

and stable populatlons, both in terms of proportionate

: i
dlfference and in terms of trme of stablllzatlon., We have.

v

'fdemonstrated in the .present chapter that the size of the . "7;-

_1ndex of dlss1m11ar1ty is a poor 1ndicator, if it is an

1nd1cator at all of the temporal dlstance Our analy31s'

hshows that the proportlonate dlfferences are related w1th.

P

the aglng process “of a populatrbn. e K

The length of the : s of stab;lizatlon is -

-,found to be related with (a) the level of fertlllty,

(b) the degree of agreement between fertlllty and 1n1t1al'

L populatlon, and (c) the lnteractlon betWeen (a)wand (b).
- It is observed that low fertlllty schedules take a lOnger“

tlme to stablllze than hlgh fertlllty scheufles., The de-

e to the ' ._"

1n1t1al populatlon is pos1t1vely related Wlth ‘the tlme of

| stablllzatlon However, 1f a low fertlllty schedule 1nter-77
'liacts with'a 'forelgn 1n1t1al populatlon, the tlme of

‘hfstablllzatlon 1s longer than that for the flrst two'

1nstances mentloned above.



CHAPTER VI ' -

SUMMARY AWCONCLUSION
’ . C (.
' In this chapter sdmmary of the major findings*of the
present research is presented andksoﬁe sdggestionS‘afe‘also’
made to promote the use-of.thetstable'population.model'in

socio-demographic-+research. o , I .

_.MAJOR FINDINGS - .
. ‘ _ .-
The present_study“startshby'reviening modelsfof$',
mortality,.fertiiity,,and pOpn}ation growth; ‘Someaspects
~of . a stable'population'model'are‘examined by eans‘ofvthe-'
prOJectlon matrlx approach Ouestlons such as-how the sta-
blllzatlon process of a human- populatlon can bé?v1suallzed
'and how far is the 1n1t1a1 populatlon from Lts stable- form;‘
and how the aging process oﬁ a populatlon'takes place, are
vdealt w1th | | ‘ -
| It must be empha51zed however, that our: conc1u51ons
‘are based on llmlted observatlons.n Data used 1n our study

have llmltatlons sugh as narroW‘range.of fertllltv changesy

one mortadlty schedule, and one’ 1n1t1al age dlstrlégtlon
B

-(except in Chapter V) . Therefore, the results or concﬁu51ons B

N

of thlS the31s should be 1nterpreted w1th cautlon. _

b

The process of stablllzatlon 15 examlned by means Co

‘ of the notlon of slope(s) (one of the several tools of/

)
-

e

109 ‘. S o

A ]



110
analysis)

of an age-distribution

Slope of an age
distribution is defined as the difference between the pro-

portions of two successive -age-groups

And it has been

possible to demonstrate, theoretically and empirically, 3
that the slope notioni is both a valid and rellahle criterion
to study the stabriization process

The mean and variance of the slope distribution
are used to investigate the fertility effects on the
stabilization process.

L3

It is noted that during the eariy
perlod of populatlon prOJectlons, any marked 1rregu1ar1—

ties in the age dlstrlbutlen 1nher1ted from the 1n1t1al

age- dlStrlbUthn are’ ellmlnated by fertlllty schedules.

N
"

High fertrllty schedules overcome these 1rregular1t1es in
less time than low fertlllty schedules.

e

At the start. of _
the process of stablllzatlon, the: relatlonshlp between the .

varlance of the slope dlstrlbutlon and the fertlllty level

.-

is negatlve but during the process thlS relatlonshlp
diminishes.

At the end of the process, the varlance is
relateu to, the aglng of the populatlon.

The stablllzatlon process srmultaneously manifests

the aging process of a populatlon uniﬁiﬂghven cond;tlons

of fertlllty and mortallty Exceptlng the extreme changesf:‘

in mortallty, it 1s well documented 1n the llterature that
N

a hlgher fertlllty schedule eventually produces .a younger

3

populatlon whlle a low fertllity schedule produces an

Tk
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older popufation. It is indicated in Chapter IV that the
extreme age-groups (very young and~very old) are the most
‘responsive to the level of fertility. With a low fertility .
schedule, the young age-groups lose while the oldﬂage—groupspf
gainvproportionally; and with a high fertility_scheduie, the
old age—orOups lose and the young age-groups gdain |
'proportionaily.
| has been demonstrated that, over a period of time,
changes inwthe age-distribution.of a population depend on the
differences betweenrthe past d the,present fertrlity. By
past fertility wé'refer to the'fertility‘which.produced‘the

initial age- -distribution and the present fertlllty refers to

~ the fertlllty which produced the stable age- dlStrlbuthD. If

'Athe level of the present and the past fertlllty is the same

AN
A\

and the . mlgratlon component is zero, there would be no
. o )

change in the age-dlstrlbutlon of a populatlon. .
" The dlscu551on of thp aging process of a populatlon

'leads us to 1nfer about the dlstance between the 1n1t1al and
I . )

-‘the~stab1e age—dlstrlbutlons. ThlS dlstance is analysed by
~_means of (1) the proportlonate dlfference between the stable
_and the 1n1t1al age dlstrlbutlons, and 42) the tlme an ini-

1
tial populatlon takes to achleve stablllty with’ glven

fertllltz and mortallty schedules In expre531ng the
dlstance between the two dlszrlbutlons, the 1ndex of dls-
51m11ar1ty was used follow1ng Keyfltz (1968) and Mukherjee s

~(1973). We have found that the 1ndex of dlss1m11ar1ty 1s

\
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a good indicator of the aging process of a population.
. - . A :

The time of'stabiliZation is found to be related
w1th the level of fertility/ and the: con51stency between
»the fertlllty schedule and the 1n1t1al age- dlstrlbutlon.
It is observed that high fertllmty schedules take less
time to stablllze than low fertillty'schedules Tiﬁevof
,stablllzatlon is also negatlvely related W1th the degree
of»con51stency between the 1n;t1al age-dlstrlbutlon and
the fertlllty schedule .For example, a very.young'initial

4
-age- dlstrlbutlon with low fertlllty StablllZeS over a longer

period of time than an old 1n1t1a1 age-distribution with

"low fertility.
SOCTIOLOGICAL RELEVANCE OF -THE STABLE POPULATION MODEL

The stable populatlon model ls of 1nterest rn

' technlcal demography espec1ally 1n the areas of estlmatlon
of populatlon parameters.. The reason that thls model ‘has
not- been adopted by researchers in the study of SO01al
’phenOmena is ow1ng to 1ts abstract (and hypothetlcal)
nature.‘ Whlle 1t 1s a trulsm to say that no populatlon is
A_stable in- nature, studles of the effects of fertlllty on
iage dlstrlbdtlon, hence changes 1nherent in a populatlon,

-are of 1nterest in the formulatlon of pollcy on economlc;

and soc1al development
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The long- and short-term effects of the changes in
the demographic phenomena affect'the socio—economlc aspects
of a soclety in a variety‘of ways. - Short%term effects of
fertillty have been discussed by Easterlin (1961, 1968) ,
Akers (1968), Krotki (1969' 1970), Feeney (i9?05 and‘Keyfltz"
1(l972ll> All these Studles deal with the effects of postwar

'baby boom on the llfe'ln the U.S.A. and Canada. The focus
of these is generally on marrlage market labour market,
social welfare, and ‘social moblllty, but they do 31gn1fy
.how the- demographic changes brlng about dlsruptlons, however<
unobtrusive, innthe onfgoing_proc vss of social»liﬁe,. |

.LaCK.of information on'the oscillations ln.the
'“demographic.phenomena.can impedeithé:effeCtiweness of{soclal
planning;lbecause these osCillations;are‘closely tied in
ﬁwith the other aspects of collectiwe'soCial life. - A éase

- in p01nt is the report of the U S Comm1551on on Populatlon

Growth and Amerlcan Future (U S., 1972,_ ; llO) about the

F)

A feas1b111ty of achleV1ng an immediate zero populatlon growth,
-_rn;theyU.S A |

. ,' Some called for Z6ro growth 1mmed1ate1y
" But thlS would not be possible without. consxder—-
able disruption to 5001ety ‘While there -are .
. a variety of paths to. ultimate stabilization,
“none of the feasible paths would reach it . o
1mmed1ately Our. -past’ rapld growth has. glven
us:so many, young couples that, even if they . s
merely replaced ‘themselves, the number of blrths -
. would still rise for several years before level~
1ing off. To produce the number of births
consistent with- 1mmed1ate 'Zero growth they would
have to limit thelr chlldbearlng to an average of
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only about one child. 1In a few years, there would
be -only half as many children as there. are now.
This would have disruptive effects on the school
system and subsequently on the number of persons

" entering the labor force. Thereafter, a constant
total population could be maintained only if “this -
small generation ‘in turn had two chlldren and. thelr— '
grandchlldren had nearly three children on the
average .And then the process would again have to -
reverse, so that the overall -effect for many years

- would be that of an accordlon ~like continuous
—expan51on andgcontraction> : <

_It is useful to visualize the‘long-rangeueffects of

demographio variables fof long—term SOCio—eoonomic nlanning-
'For example,‘if‘the U.S.A. experlences the fertlllty schedule '
::of 1960 for a long perlod of tlme, say 195 years,‘the popula—
.tlon size would be almost 46 trmes the size in 1963 Such'
a flgure looks more dreadful 1f one 1mag1nes that after‘
.3195 years from 1963 there would be 46 tlmes/more c1t1es llke B
New York or Chlcago

ngh fertlllty also poses'eeonomlc problemsﬁ In-

E the case of developlng countrles, for example, the 1mnact
of a populatlon 1ncrease on . educatlonal development may be
found in a varlety of studles (Jones, 1969 Jones and Mltra,
| 1969 Jones and Kayanl, 1971) Taken together, these pleces
-}of research have 1nd1cated how the demographlc varlables can
Ce . .
,obstruct the attalnment of educatlonal goaﬂs 1n developlng
countrles. | o |
| " ngh fertlllty can have some repercu551ons on

‘developed countrles as well For the U S. A., Reed and

»McIntosh (1972) have estlmated that the total dlscounted R

e



_and undlscounted cost of a first Chlld is $59, 627 and
$98,361, respectlvely, From most of the studies on cost
and‘benefit analyses one can infer that in a‘high fertility
schedule, a natlon has to spend a lot to meet the requ1re— .
ments of ralslng chlldren both qualrtatlvely and

_ quantltatlvely

| Ow1ng te the problems resultlng from hlgh fertlllty,
developlng countrles are concerned w1th brlnglng down high
:;growth rate in thelrvpopulatlons. The developed countrles
such as the U.S. A. and Canada are headlng toward the’ goal

-vof zero populatlon growth . For the U. S. A., the concern w1th

»'populatlon plannlng is accented by the Comm1s51on on Popula— ‘

tlon Growth and Amerlcan Future (U S., 1972) recommendlng

“the goal of zero populatlon growth in the near future._ ItuV’

. has. been argued by the Comm1551on that the zero populatlon

growth would contrlbute 51gn1f1cantly to the natlon 'S abllltyv

ol

Ato solve 1ts problems assoclated w1th the quallty of llfe.
.’It ﬂay be noted that the Comm1551on s recommendatlons are
"based prlmarlly on the works of Fre]ka (1968, 1972) and

) Coale (l972a) BothY

tlonary populatlon can be achaeVed and malntalned and what ‘

‘9.

"ffklnd of soc1al beneflts w1ll accrue from the statlonarlty

Thls poses a key dllemma before the de51gners of

- ’ A R
‘ populatlon pollcy. For effectlve populatlon pollcy, A

.a constant age dlstrlbutlon is deslrable.f The low fertillty"‘

of these authors have shown how a sta— AR

coe

bﬁ'Wlll take longer tlme to produce a constant age-dlstrhbutlon e

N
e !

e
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than the high-fertility on ‘the other ‘hand,’ high fertlllty
»w1ll speed up populatlon growth |
Several long-term advantages of 1ow fertlllty are-
vconcelvable However, a new set of problems as5001ated w1th o
the aged people emerges as' a by product of the phenomenon of\
low fertlllty For example, in the U S A. durlng the past |
jfew decades, publlc concern about the aged people has been
:.expressed in terms of thelr 1ncreaslng needs for money and ‘
'ihealth care (U S. 1972) ~ The U. S.. Populatron Comm1SS1on -
(1972) has p01nted out the two sets of 1ssues resultlng from
_the 1ncrea51ng number of the aged people. The flrst set of
-1ssues 1nvolves matters of publlc ethlcs, personal prefer—’
ences, and allocatlon of publlc expendlture.‘ The- second
set of 1ssues is concerned w1th the type of 1nst1tut10nal
care requlred for the grow1ng number of the aged people 1n
the populatlon o l. | : o |
| vh Another by product 1nd1rect1y stemmlng from low }hhgg
"fertlllty but dlrectly related w1th the presence of the aged o
;people is the problem of thelr roles and statuses in soc1etyf'f:x
»There lsqan appre01ab1e decrease 1n the role and status‘hgg |
}evaluatlen of the aged people.: They become, more or less,l:
h'_non part1c1pants rn the llfe sustalnlng act1V1t1es of so-;

. tc1ety : It 1s almost 1nev1table that the soc1ety of Whlch

k these people are a part w1lI haVe to take care of them.

’VV.jFAlternatlvely, 1f the rate of fertlllty contlnues unhampered;.f."‘"'~

" the soc1ety w111 be faced w1th a younger populatlon and the i;h
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“‘problems assoc1ated with the ralslng and up brlnglng of

younger people erters such as Ryder (1964), Rlley,
Johnson, and Fonex (1972) have demOnstrated how the problems
of the aged may become as serlous as the problems of an
1ncreas1ng ‘number of young people. Therefore, an increase
or decllne in fertlllty may be v1ewed from the soc1etal

perspectlve as to: the de51rab111ty of having a 1arge number

“of_older people over‘the younger ones,vor the,other'way a

- around.

.To sum up,’ the stable populatlon model is

'a theoretlcally strlngent model 'in that 1t is unllkelygthat

I

‘any populatlon could eVer achleve a stable form.f Thus, the

' ymodel 1tself 1s restrlctlve but allows for enV151onlng o

poss1b111ties of a "stable" populatlon.w To overcome the )
‘i

}restrlctlveness of the stable populathn model demographers
have developed varlous alternatlve conceptuallzatlons. Most

"populatlons of the world would fall under one -or: the other3~'

\;of these conceptual formulatlons,‘hence thelr practlcal use-

;can be placed

’fulness 1s undenlable.‘ However, the usefulness of the stable

hpopulatlon lles 1n 1ts abstract nature. The model can serve

{

pas an umbrella under Wthh the less abstract concepts such

as’ negr stablllty,, sem1 stablllty,-.and qua51 stablllty

M_jwr
B R
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