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PCPULAT ION-RESOURCE DYNAMICS
IN AN INDIAN VILLAGE

By
Nirmal S. Murthy

Introduction

This paper presents a simlation model of population dynamice in
an Indisn village and discusses its possible usefulness to a nolley °
maker, concerned with the economic and social development of such a

vril;llage .

The term 'village' is defined and umderstood differently for dif=-
ferent purposes. For administrative purposes in India, a village is a
geographical area which has been or would have been separately assessed
for land revenue*. The population of a village is usually less than
5,000 and more than 75 percent of the labor force is engsged in agri-
cultural activities. The concept of village,however, as usua’ly under-
stood by sociologists, is much broader than that shgted by this de-
finition. A village is, according to them, a 'complex social system’
in which péople have developed a distinctive and well-defined way of
life. ‘ ‘

In addition to people there are other elements, such as ohysical
resources like land and water, traditions and norms, occuvations, and
institutions which together determine a villager's way of 1ife. There-
fore to understand a village is to understand how these elemerits are
interrelated and what role each one plays in the functioning of the
village as a whole. o

The model presented in this paper takes only a partial view of the
village system dealing with its population dynamics. It therefore con-
tains only those elements and interrelations which seem to have a signi-
ficant impact on the determinants of population dynamics, namely, births.
deaths, and migrations. The model is a tool which can be used, instead.
of a real village, to test different develomment policies for their
impact on the villags's population growth and economic condition over
time. The policies, such as health services, education, and family
planning will be introduced in the model, either similtanecusly or

This papor was written when the author was with System Dynamics Group,

Massachusetts Institute of Technology, 4lfred P. Sloan School of Manage-
ment, Gambﬂdg@, Masgachusetts, U.S.A. ; ' '

*The definition is abstracted from the Punjab Land Revenus Ast, Generally
speaking, all . areas not speciflcally taken as urban, belong to ome
village or the other.’



sequentially, to ascertain their effect on the balance of births, deaths,
and migration. No attempt is made to optimize the cutcomes of any
policy. Preference for one outcome over another is left to the values
and objectives of the user of thls model

, The usefulness of this approach 1s dex‘lved from the fact that un-
1ike its Teal world ﬂounterpart, a model contains a simplified and
therefore understandable abstraction of the v1llage system. . At attempt
is made to separate ocut some of the important system elements from the
thousands of enviromiental elements that msy have major -r minor influence

“on the population dynamlcs of the village. The functional relationshios
betwesn thzse elements are 8tated explicitly. This clearly defined

‘model, however erude and incomplete compared to the camplexities of the
real world, can be useful, especially to a policy msker, in two ways.
First, during the course of his work, it can help him to svecify and
examine his own assumptions about the system. Second, observing the
dynamic behavior of a model under a variety of conditions can helv him
to improve his own mental model of the system, which will always be, as
it has been in the past, the ultimate basis of rational deci.,icm making.

Hlstorlcal Perspective on the Village System

Hz.storlcally, especially before the period of British India
villages s?em to have fotrmed and survived as self-sustaining units
Srinivas(1) characterizes them as having generally existed in a state
of isolation from the rest of the world, each as z stable, self-
sufficient whole, controlling its own affairs and yielding to the out-
side world only a land tax. There 1s ample evidence to suggest that
until foreign or urban influences, the villages possessed a high degree
of economic stability. They managed to produce the food and the ser-
vices that were necessary for village 11fe with the resources availsble
in the village. In addition, village life seemed to have a certain
romantic appeal. Conceptually, for many Indians and ‘‘esterners alike,
a village was a living entity. Gandhi saw s» mch virtue in rural 1ife

. that his dream wes to make Indian one big village.(2

Stability and self-sufficiency were perhaps the main attractive
features of historie village 1ife. Social and anthropological studies
~ of that period suggest several possible mechenisms through which the
stability wes echleved ‘and maihtained. First, the populatim of the
villages remained more or less constant, as a result of high fertility
and mortality retes. The net migretion was also not significant, thmagh
migration between villages due to marriage was a common 'ohenomenon
some parts of India.: ‘Second, social stability was achieved through
functional interdependence of various castes {(i.e. occupational grouns}



in the village. Each village had as many as 30 diffiersnt castes, each
of which was functinnally dependent on the members of other castes for
its survival. The opportunity for upward mobility was limited, and
the fenr of extinction or excommunication for the deviants from the
caste syctem was sevar is a result, a stable social cystem baced on
oceupati nal Hlararchy umerged and existed for gencrations. Third, the
traditional values of family life and prestige associnted with them
provided a bulwark against rapid change, or sudden transformation of
rural life. The ways of behavior contimed with little change from
generation to generation. Institutions and nractices were established
during that veriod to serve and maintaln village unity. Strong ties
were developed to bind different grwups of »e-ple in one body called the
village.

The Changing Village Sceme

The stable, self-sufficient villages that once existed in India
are, to a large extent, a part of history. These once isclated units
are now increasingly ex-osed to outside influences through mass transnort-
ation and communication. In the new political system they are less in
a position to control their own affairs and still lest to eontrol their
population. Village populations are growing, for a variety of reasons,
beyond their capacity to support them. As a result mire and more nen-le
are foreced out of the villages into the cities. Unfortunately, even the
cities cannot absorb an unlimited labor force in their econmy, and the
consequences are ocbvicus. In 1970, not more than 13 million ‘obs were
available for: a mi?i?um of 16 million net new workers who entered the
urban lebor market. The result is a reverse flow of workers from
city to village, which'is already occurring, as many immlgrants encrunter
centimiing unemployment and hardship in the towns. The growing unemnloy-
ment in the cities and the problems assnciated with it peint ocut an
urgent need to control migration from rural t» urban areas. The
solutions include both reducing the population growth in the villages
and devcloping the villages to tha nnint where they can sunnort their
population.

The Govermment ~f India is trying to incornorate vari-us develon-
ment progrems in its policles towards the villages so that the willagers
of the future may heve better henlth and education, more food and income,
and belter life in general. Several programs and policies ere either
alreedy implemented or will be implemented to achieve this gonl. With
the help of* this model, we are seeklng answers to the question: how
ef fective will these 0011c1es be in achieving vopulation corbrol at
the village level, so that the village can Suﬂport its pomulation at a
better standqrd of 1Iv;ng°



hesearch Methodology

The strengl:.h of the follomung research methodology, in our
opinion, li=s in that it takes the view of the village as a ''system'.
"Tha tetm sy=tcm implies an interconnected emmnlex of functionally re-~
"laied components. The eomponents of the village systems include such
t’ r'_:1gs a8 people, material, occuvations, traditisns and values. These
aid many other components together formilate a cemsal structure that
determines the behavior of the system. . This structure is not directly
opservable. It can only be deduced fram the Imsun behavior of the many
elements thet make up the village.

As a first step to understanding the villa_e syqtem we will try to
identify this underlying causal structure. We will begin with a semvle
structure, imvolving just a few elements, such as people, land, income,
norms, and values. We will assume that they are relatcd to each other
ir. such a way that they not only influence cach other,tut arc salso
influenced by their own past behavior. In other /TSy form feedback
loops. An example of feedback loop is shown below. '

Fig. 1

POPULAT ION - DEATH RATES

This little feedback loop shows that the prescnt pooulatinon size
influences the future size, through its effect on fnod ner canita amd
death rates. This lnop of course 1g only a part of populatim dynamies.
Thzre are several such loops, cach dealing with births, deaths, and
" migration. Together they deseribe the behavinr of the aggregate
population of the village. Similarly there are other fecedback loops
which relate population to. ressurces of the village and vice versa. By
rutting all these. feedback losps together, we will comsiruct a model
‘deseribing the dynemics of the population-resource balance in the
village. We will then quantify the postulated relationshins between
the verisbles that are inclnded in the model. Some of the data used
to derive these functional forms are taken from the Khonpa Study in



the Punjab.(4) The remaining dsta, not available from that study, are
abstracted from other sources, including educated guesses of the exnerts
in the field. The model will ther be used to simulate the behavior of
the village over time., It will simulate the process by which the
population size, food, income, life expectancy, and other characteristics
of the village change over time.

In order to keep the model simole, the variables in its are highly
aggregated. This simplicity is obtained at the cost of rea’ism. Tor
the model te be cl-ser to reality, the level of aggregrtion must be
reduced considerably. This will mean that instead of trenting no~ulation
28 a homoganeous group, the model must acc~unt for the differences bet-
ween ages, sexes, occupations, and castes. Similerly, distinctinn sheuld
be made between lands by their productivity, and if possible the castes
by their traditions and values. This list could go on. As we reduce
the level of aggregation, we end up with an extremely comnlex model with
heavy dnta needs. Therefore, in the present version of the model, in
which we are only interested in aggregate behavior modes, we assume
that disaggregation by age and sex will be adequate for our purnocsas.
However, the level of aggregation can be reduced further, if deemed
necessary, in order to understand more detailed behavior modes with a
grester degree of accuracy.

Because of the nature of this model (causal, nonlinear) and of the

~ data incorporated in it, none of the standard statistical techniques seem
appropriate to valldate it, Hence, we have selected the following two
criteria to judge the validity of the model. First, each ~f the causal
relationships that is built into the model must be meaningful and su-nort-
ted by either some data or educated opinion. Second, the ecombined be~
havior of all these relationships acting together mist be consistent with
the current as well as historical behavior of actual villages. Admittedly,
both these criteria are more qualitative in nature than quantitative,

but certainly not less rigorous. ' '

The model will then be used to test sevoral policies proposzd
for the development of villages. Different dsvelopment programs, alone
or in combination, will be introduced in the model to test their effective~
ness in. inducing the desired change In births, deaths, mirration and
other characteristics of the village. Also, by similating the model
over a long period of time, the long- and short-term implications of
those programs can be tested and compared.



The Model of Population Dynamics

Population dynamics 1s defined as the change In population size
resulting from births,. deaths, and migrations. The model presented in
this section deseribes the population dynamics and its crmoonents in
an Indian village. . : :

Population dynamics Figure 2
]
POP

B populatiron

| - \} emmigrants
M

POP, =POP, .+ 3B, -D, - M

t

The factors which influence this dynamics include both the biological
factors and the subeultural influences—such as traditions and norms,
education and other socio-economic conditions., A mdel deseribing this
dynamics can be divided intg three parts. The first part cslculates the
musber of births, given the biological and socio—cultural influences. The
second part determines the mumber of deaths to be expected, under the
aame influences, with a given am-unt of medieal care available to neonle.
The third part of the model determines the sociomeconomic conditions

of ths villsge such as availsble food, income per cacita, education,
health, and femily planning services, given the size and comnosition

of population and the rescurce base. These three varts are then mltﬁin
one model to simulate the village behaviows [rogether



A Model for determining Births in the Population

Fig., 3
rreferred
population ——% births <7 ™~ expected child
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' Figure 3 shows a model which calculates the mumber of births per
year after estimating the mumber of women at risk of prcgnancy and the
Probability of a birth Per woman per year. :



Thus )
=W * == -
B, =WR, 51, * (1 - 2B, )

where /B, = mumber of births to mothers of age i
WR = women in it'h reproductive age group
BI; = 4v. birth interval for women giving birth in ith age group

1 = prob. of a cmceptinn per woman per year

ABi = rroportion of aborted pregancies

. Bstimation of Mumber of Women in R’eprodu_ctive Period

Ordinarily, the number of women of childbearing ages includes all
women of ages 15 to 49. However, the actual reproduction s»an is deter-
mined by the age at marrisge, in a society where most of the childbearing
‘is within marriage and by the age of mepcpause.* Hence, the mmber of
women at risk of childbirth (WR) forms a fraction of the total women of
15 t0 49 years of age. The magnitude of that fraction is determined in
this model by the age at marriage, the age at menopause and the incidence
of sterility in the population. : :

Wyon and Gorden(s)give a very low estimate of primery sterility
{2 to 4 percent} among women in Fhanna villages in India. In this study
s married courle not achieving a pregnancy within seven years was con-
sidered sterile. How representative this proportion is for rural
India we do not kmow. But ag a first approximation, 3 por cent of
women of all ages ars assumed to be sterils and are subtracted from the
total female population. Further, the average age at marriage and at
menopanse are changed internally, in response t2 various soclo-economic
and physiological influences that exist in the model. The level of
‘sducation emong women influences the sge at marriage while improved health
condition is sssumed tn increase the age at menopause.

" There is some evidence to suggest that higher standard of liX(g.Tg and
health may increase the total reproductive life time. Chennatamby found

% For simplicity, the incidence of widowhood among women ags 15-44 is nob
taken into accmunt. '



in a study of Ceylonese women that women in higher socio—economic groups
have lower average age at menarche and a higher age at menopause than
women in lower soclg-economic class. A4lso, recent results from re-
prospective studies!7) on western women suggest aput 43 years as the
average age a2t menopause, while Wyon and Gordon(8) report an average
age of 42.6 yoears in 11 Punjab villages in India from the sample

of 235 women aged 30-55 years. 4 fraction (probably substantial) of
this diffirence, a5 Wyon suggests, could be attributed, among other
variables, tc hcalth conditions of the women.

In the model, the average age at menopause is determined by re-

lating it to available per capita food for consumption since food intake
is used as an index cf health c¢ondition of the population.

Fig. 4

Age at
Menopanse 40

RSV

e

Jo0cd Aao: 3ooe 4000 Seec Looo
Food Per Capita {in calories)

In traditional rural societies, the average age at marriage is
typically very low. This observation had led to many hypotheses, among
which the one most widely held is that laeck »f alternative roles for
women in underdeveloped societies comtribute to eatly marriage, uni-
versaldty of marris;c and hence to high natality. Hence, it seems that
age at marriasge mey have some role to play in reducing fertility.,

Another hypothesis associates theo extended family system and
parental control to age at marriage. However, the hypothesis thet
"seems most plausible is that education and rising asspirations of parents
and couplos, have the effect of raising the marriage sge. Ross(®) shows
that among urban Hindus the customary carly marriage is becoming un-
desirable to elders since it interferes with education of both sexes.
Wyon found two preferred ages at marriage for daughters, one between
15 and 16 years, and, one between 18 and 20. The latter may be due
to a higher level of education. Lo

A
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. We will assume. that the above hypthesis is true and postulate
. the following relationship between age at marriage and level of
- education. : ‘

- o

Fig. 5
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Thus, the model calculates the average age at menopause and
merriage from their respective determinants. Based on these figures,
1t ostipmates the mmber of women at risk of pregnancy from among all
women of ages 15 to 49.

Istimating the Probability of Births: Probebility of = birth has two
somponents ~ the probability of a conception and the probability of that
"eonceptinon being aborted.

Probability of a conceptiom = -3
BI
for women in age group 1 i

vhere BI, = v, birth intervel for women giving birth

By = ?Ipp . of aborted pregnancies
"~ hence . |
Prob. of a birth === * (1-4B,)

~ BI.
1



Further, the proportion of aborted conceptions is assumed to denend on
the ratio of the actual to the desired interval between births. The
method of estimating those intervals and the abortion ratio is described
next.

a. Average Birth Interval for a woman giving birth, includes the
periods of gestation, infertility (Aue to post=partum amenorhes) and
cxposure. Among contracepting population, the egxposure perind can be in-
creéased from an average of six menths to any length depending on the
effectiveness of contraception.

It 18 often obsaerved Pha; birth intervals increase with age and

"Yiarity of the mother. Henry'10) ostimated an increase of 6.5 months
from ages 20-24 to ages 35-39, but thoss were deduced rather than obser-
ved differcnces, On the other hand; the estimates for Hutterite women
eited by Tietzelll) do mot show as much inerease in birth interval by
age s that shown by Henry. '

Table 1: MNumber of Intervals between Confinements,
Including and Excluding last Intervals,
and Mean Duration of Interval, by Lge of
Mother at Onset of Interval (132 Couples)

Mumber of Intervals Mean duration (mo.)
Age at Tneluding  Excluding Including Excluding
onset(yr) last last last last

intervals intervals intervals intervals
Under 25 297 203 23.1 22.8
25-29 308 302 25.0 24 .9
30-34 285 270 . 25.8 25.1
35 and over 282 175 27.6 25.7

(Source: C. Tietze, "Reproductive Span Among Hutterite
Women", Fertility and Sterility, 8 P. 95, 1957)

Also, a pattern seems to exist between birth interval and parity, namely,
the higher the parity the larger the birth interval, as is reported by
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TalaWa.I'(lz) Dandekar( 3) Woifer(lé), and Wyon(ls) Howa#er‘, ane
cannot be safe in assuming that this is =& biological phenomenon and not
a canscious attempt to delay births.

We, therefore, have assumed that age and parity have no effect
on the natural birth interval and that the minimim Intervel, in the
absence of contraception, varies between 18 and 32 months, depending
generally on health conditions. On the other hand, contraception and
induced abortion practices are assumed to wvary with age of the mother
~and her desired family size, which togsther account for varying age
specific birth intervals and fertility rates,

a. dctual birth interval (BI}, thus, has two components, mmely
the infertile interval and the perlod added to it through use of con=
“"traception.

BIi

INF

INF + F / (1-CE,)

Average infertilg period, includes period of gestetion,
-post—partuﬁ'amenorhea and éhavplutary cycles
’F' =‘ferpi1e period of exposure

CEi = contraceptive effeetivencss

b. Desired Birth Igterggl by age of the mother takes into account
the total desired family size and a preferred child bearing pattern.in
that society. The model assumes the following patterm of de51red births
by age and in an early or a late marriage pattern.

T ABLE 2
Total .
Desired Early Marriage 21 yrs : Late Marriage 21 yrs.
Births Age. . 4 Age
15-24 25=34 35=44 15-24 25-34 3544
2 2 c- 0 1 1 0
4 2 2 0 1 S 0
<] 2 5 1 1.5 3 1.5
8 3 . 3 2 2 4 2
10 3 4 3 2 4 4
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Thus, desired birth interval (DUBIj:

_RL{4) ) ,
DBI = E%‘i} iFy M

CT HERW ISE
= MPI

o

where MPL = avorage minimum birth interval in the absence of contra-
ception

‘RIT(1) = reproductive life time in e age group. Hence

RLT(15-24) = 24 - (Age at marriage)
RIT(25-34) = 10 years
RIT (35-44) = (average age at monopause) — 35

DB(i) = desired mumber of births during T age period. This number
is gelected from Table 2.

c. Induced sbortion is possibly the oldest and the most widely
practiced method for tenninating unwanted pregnancy, as is suggested by
evidence from many societies,(16) dbortisn may be used with varying
frequency by mothers when their desired family size anproaches and also
with intention of spacing. In the Khanna study, Potter et al.(17) found
that women under 20 and over 35 years had narticularly high abortion
ratios. L.P. Chow(18 reports on the basis of his Taiwan data that most
induced ebortions were performed on those women who were spproaching
their ideal family size and who resorted to abortion when unwanted rre-
gnancy occurred. He slso suggests that abortion rates mre inversely
related to the contraceptive effectiveness available in the society.
Women may resort to abortion a%so when they feel that the 'next baby
is coming t66 soén'. Moni Megll®) found that in many of the pre-
industrial societies cmtraception, and sbortion, were practiced to
avold pregnency eonsidered undesirable during the period of lactation.
From more recent data from Taiwan, L.P, Chow concludes thet there mey
be a desired length of birth interval and women may ressrt to abortion
in order to schileve that length.

In the model, the.age specific aborticn probability is determined
by the following procedure: first, the desired and actual pregnancy inter-
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val by age of the mother are celculated. Then the ratio of these two
intervals indicates the expected proportion of abortion in that age grov
Tt is assumsd that for women under age 35, 15% of the pregnencies result
in spontansvms abortion, while for women above 35, this proportion is
20%4. To these constant proportions we have added induced abortions as
shown in figure 6., '

Since sbortion is used to prevent unwanted pregnancies, the »ro-

portion declines as the ratio “ﬁg_:[l' rises to 1. Beyond this point, only

_ spontaneous abortions are assumed to oeccur. The following graph shows the
relation between birth interval ratio and expected abortion to pregnancy
ratio.

Fig. 6
dge specific abortion ratis as indicated

by the ratio of desired and actual
pregnancy interval

Expected it L

abortion .
retin 5
ror T~

birth - 7

Batio - BI/DBI
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Use and Effectiveness- of .—'Gontracebtio'n'

Use and effectiveness of contraception is an imrortant policgy
variable in the model, capable of influencing population dymamies.
Contraceptive effectiveness (CE) has two dimensions, namely, the
clinical ef.uciiveness of available methods and the extent of their use.
The clinical effectiveness measures the proportionate reduction in a
woman'®s natural fecundity due to contraception. 'Use' measures the
preValence of a given contracertive method in the povulation. Both use
* and effectivene?s sﬂ"e influenced by age and also by desired family size.
Westoff et. al.l?0) show that in the United Statos use-effectiveness
of contraception increasss as the desired family size is reached. In
other words, use and effectiveness are functions of motivation to stop
at a particular parity. The extent to which this generalization applies
deross cultures is not lmown. However, 1t is easy to see that as the
desirad family size gets smaller, it can be attained within less than
half of the reproductive period, which means that during the next risk
period the couple mist somehew avold any further conception. T¥ will
require very efficient eontraception to prevent conception during an
cxposure of more than 10 years. This effectiveness can be achieved
only if effective methods are available and the will to use them is

' We determine the confra.creptive effectiveness that will be re-
quired to extend the actusl birth interval to the desired level, by
using the following formyla

w1 =f1_ F ;} *
DBI(i) - INF

where EC(1) = contraceptive-effectivenecas that is necessary- to
2xtend the birth interval up to the desired
level in ith age group

DBI(1) .= desireq birth interval

INF . = infertile neriod

F = period of exposure, assumed to be.§ years for all

women

* see footnote (1), Appendix B



16

tUse! of contraception; i.¢. the proportion of women who can
achleve 'perfect control' over their fertility will be determined ex~
ternally ‘and will be treated as a poliey decision related to the family
plannlng program. .

In the preceding des‘crliptian of the model one may notice a rather
- heavy reliance nn so-called desired family size. The concept of desired
family size. is, no doubt, a useful index for determining the actual
family size, contraception practice and extent of induced abortion.
However, there is no satisfactory method to measure it. In more than 20
ceountries the KAP surveys provide some measure of desired family size.
Even there, the data on ideal and desired family size are 5f doubtful

- pature. I't. is not quite known whether people express their desire as

sanething they believe in or something they think the interviewer be-
lieves in. Furthermore, the desired family size may vary with the actual
family size. Even so, desired births is the only index avallable so far
to express quantitatively the family building motivations of peonle.

Determinants of Desired Family Size

Desired family size may be influenced by many factors. In the
model only three of those factors, infant mortality, income, and education.
will be considered explicitly. Others will be lumped together and ex-
pressed as "normal desired family size". The normal size stands for the
completed and surviving family size that is considered proper in a given
cultare. This number is expected to change only gradually. The desired
number of births is calculated from the norm size after taking into
gecount the infant mortality risk.

It is probably no asccident that people who experi?nce Jhigh infant
_ mortal:l.t.y also express lerger desired family size. Heer!? discusses
various reasons why the level of mortalit¥ hi.s a direct effect on desires
and fertility. - In Khanna villages, Wyon points cut that people
weigh the desirability of childiren in their concept of what is good for
their family, and the chances of survival of the children they already
have. He observes that among wiwas of the farmer caste, particularly,
survival of most children born early during the process of family build-
ing was: associated with relatively few subsequent births. A4lthough

some couples practiced birth eontrsl once they had the mumber of children
they wanted, deaths of children had much greater effect on completed
family size. Hassan( 233 elso supports the idea that exmerience of
infant or childhood mortality tends to raise fertility. Iet us assume
that g change in infant mortality will casuse a proportiocnate change in
desired mumber of births. Then desired mumber of births can be deter=-
mined as follows: - o



DFSN (des. family size norm)
~ 1 - PDR

D_I\_IB=

)i

perceived infant mortality rate which ie a delayed

where PIMR
‘ function of actual infant mortality rate .

DFSN = desired family size norm which is assumed to be a
function of education as nostulated in fig. 7

Fig. 7

Family
size
norm:
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Education level

It is furthor assumed, as shown in figure 7, that desir-d family size
norm is changed only through education. Average mumber of years of
schooling is used as an index of one's ability to take rational decisinne
and also as an index of one's capacity to deviate from the traditional
norms, if they seem inconsistent with current c¢onditions. Also, = -
education helps reducc infant mortality and enhence dissemination of
information about family pPlanning. The role of education in influencing
desired family size is perhaps even more basic. A plausible hypothesis
1s that with inereased education, the population becomes involved with
ideas and institutions of a larger modern culture. If the individuel
is, or he believes he is, part of a larger non~femilial system, he begins
to find rewards in social pel tionships for which larger mimbers of
children may be irrelevantf24?,

 Income is also related to desired family size in several direct
and indirect ways. For example,. it is negatively associated with infant
mortality and positively with educatisn s and both have an impact on the
famlly size desired. In addition, the economic utilities and costs of
bearing children can be importent epnsiderations in the preess of



family building. The central notion of the economic theory of popula-
tion dynamics is that people try to balanee the satisfactions to be de-
rived from zn additional birth against the cost, both monetary and
psychologicel, of having an additional child. A&s income per capita
increases so does the degree of specialization and the degree of economic
mobility. If the new occupational environment limits opportunity for
child labor and requires more costly training for children, the perents
may feel a need for smaller femilies so that the% can take advantage of
the ney and different economic opportunltles {sncial capillarity
thesis).

At certain stages of economic development the "social capillarity”
effect described sbove may be an important determinant of family size.
Howsver, in an Indian agricultural village, where opportunity for occuna-
tional mobility is limited, the opportunity cost of an additional child
may be insignificant. On the othsr hand, the utilities %o be d erived
from the child as a productive agent when he enters the Iabor force
and contritutes to the family income and the utilities as a poteptial
source of sescurity could be very important. These utilities are general-
1y expressed in the family size norms, and 28 they change the nomms
change too. However, the nature of thess utilities may not be tctally
economical, For example, sons may always be preferred over a social
gecurity system independent of sons, for totelly non-~economie rensoma.

Thus, the direct effects of income on family size nomms are
difficult to measure and lanlate from other effects, estecially in an
agricultural village socisty. Therefore, for Simrlicity, we will in-
corporate only the indireet influences of income on desired family size
through education and health conditions.

4 Model for Determining Deaths in the Population

The process which determines the death rate in this model is
rather simplistic and aggrsgate. Fig a

Number of deaths

population nedical

. \*;\k&‘“_~___- care
' > faod consumpbion

p.c. {in calories)
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It is assuned that the risk of death decrcases with incréwsing food
;consumptlﬂn. The functional relatinon between fnod emmsumntion per ~
capita and death rate is shown in Figure 9.

_ Thus the iewth rate -is ﬂctermlned from the following set of
'aquations-

MR = M x (1-MED)

expected denth rate in a population based on their food
intake., This figure is obtained from the function shown

in Figure 9.

where FM

MED = medicel care provided to the populatinn

Fig. 9

300 b

expected “.
crude 100 -

rate X

2
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Food per capita (calories)

MED, the other factor which reduces tho death risk, is very
generally called medical care without speclfylng ite variws components.
.- The term medical care here simply means any mochanism thr-ugh which the
death risk could be reduced by certain amounts. The more pertinent
dynamics related“to how, .and at what cost, one can achieve such a re—
duction in mortality, is beyond the scope of this model. :

Resource Dyn snice in the-Village

) The village, as described in this model, is more or 1nss n closed
aystan in which subsistance depends on whqtever the peonls of the village
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can produce within the village and within its own resourcas. Since culti-
veble land is the basic source of livelihood in an agricultural village,
it is assumed to represent all the resources available in the village.
Land productivity and income of the village are measured in calories
produced. . The following 'diagram shows the most elementary inter-
actions between population and r-sources in an agricultural village.

Fig. 10

porulation

tech. - roductlvlty - 5“"fstgrlcul‘l'.ur.sf.J.
change production
o +

+ prod ________5> food

Y, DP.C. p C.
land + invest., ng —— income __=, consumption
efficiency (1‘_,/fagrlcu1tu .

social ' invest in ’ influence on

waste porulation

-education >

After satisfylng the basic food requirement of the population the
surplus food is used as income which can be either consumed or invested
in four ways: it can be used. to improve diet, be invested in improving
agriculture, be invested in education faclllties, or spent on social
events such as marriages snd festivals, which will be consider=d as
twaste! from society's point of view. The provortion of income to be
spent on any or all of these categories will be determined according to
the traditional expenditure pattern. We will introduce policies to in-
erease land productivity or increase education levels in the village, as
a part of goverrment programs for village development . and then observe
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the impact of these policies on birth and death rates, population,
migraticn, and other characteristics of the village life in short and
long time periods.,

A detzailed flow diagram for the village model and its mathemstical
formilation are presented in Appendix A,

In the follewing section, we will discuss the simulated behavior
of the village model and its sensitivity with regard to a few selected
policies. The discussion will be focused on the roles of birth, death
and migration in population control of the village and how they change
under different policles regarding health, education and family planning,

4

Discussion of Model Output

In this section we will discuss some gimulation results, their
validity and implications. Our objective is to reproduce the behavior
of a historic village, a closed system in which large scale migration
does not take place. We will then similate the model under different
conditions and policies designed to '"modernize" the village and observe
the resulting populstion dynamics. The model is assumed to be 'valid!
if the simulated behavior seems to agree with the lmown behavier of an
Indian village.

1, TheBasic Bun: In this run, the nodel simulates a stable
village system which resembles in some of the major trends to the
"historic" Indisn village. Sincs then several external forces have
exerted pressures on village population. The force which is active In
the besic run (figure 11) is random fluctustions in agricultural
production., During good years the population grows ranidly and during
poor years it sharrly declines. On balance, the population growth is
slight. Average birth and death rates are high and people live at a
bare subsistence level,

2. Inarodugtion of Medical Cors:

To this stable village system, we will introduce ‘medical caref
to reduce the death rate by 50 percent gradually over 50 years. 4lso food
production is increased by 2 percent per year. Figure 12 shows the
simulated behavior of a village under those conditions and assuming no
migration.
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Figure 11 -
VPofuldtion dynandcs in pra-historic village syatem
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is expected, population grows rapidly with a drop in mortality
and slight drop in the birth rate. This population growth, hawaver,
slows down 28 food becomes scarce and death ?*ate rises agzin. Wyon de-
fines this dynamics as 'population pressure’ 26),

3. Medical Care and Migration:

When populstion pressure manifests itself, peovle ave comnelled to
take agricultural, fiscal or other measures in an attempt to orovide for
too many people from too few resources. One such measure is migraticn
from the village. To test how effective this measure is in controlling
village population, & esrtain proporticn of excess population in the
village model is removed every yesr as out migrants. The excess

population is determined as follows:

Excess population = gctual population - Sustainable population,

and Sustainable population = total food oroduction —
ninimm food requirzd ver person

The migration rate is assumed to be uniform over both, ages and sexes.

- In Figure 13, we assume, in addition to the medical care snd in-
ereascd food produetivily, BQ perrent of the excess ropalation can
migrate each year. The results are sumarized on page 24,

The natural growth, i.s. the excess of births ovepr deaths, in
thig village is more rapid than it was without the outmigration. However,

the population size remains constant and out migration comvensates for
most of the natural increase.

The long standing disperities between the nopulation growth rates
of villages and those of urban arsas imply that in most Indian villages
saue kind of 'migyetion policy' did exist, though perhans not as extreme
as assumed in this run. Wyon and Gorden, who alse studied nigration
patierns in a2 Khamna village observe - "“from 1011 to 19€1, pomulations
of the seven test villages increased at an average anmal rate of 12
per 1,000, In the years since 1921 the desth rate in the study area
declired by almost 50 percent and the birth rate by about 15 percent.
In the absence of some added actior (migration) by the inhabitants,
the fewer deaths would have resulted in a materially grester growth

than that reccrded.n(27)
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-

If the option to migrate is closed, how will it affect the village
population? Obviously, to relieve the village of population pressure,
either the desth rate should rise, the birth rate should fall or both.
Ideally, one would like to see a sufficient fall in birth rate to com-
pensate for the decline in death rate.

4. Introduction of family planning:

There are many theories and hypotheses about how to achieve such
a balance through birth control alone. The present family oVanning
program in India is based on an assumption that "if veonle can avoid
unwanted pregnancy, and can be made to want fewer children through
education and low infent mortality, the villages can contain their
population without resorting to migration." We apolied this assumption
to the village model, in which

1) mortality is reduced by 50 percent over 50 year veriods

2) all unwanted pregnancies are eliminated

3) education level is raised to an average of 7-8 yecars
instantaneously

and observed- its behavior (figures 14, 15). In figure 14, migration is
absent while in figure 15, 50 percent of the excess population is nmssumed
to be migrating out. A comparison of thesc two runs shows that even

if people can avoid all unwanted pregnancies, they may not be able to
avoid population pressure. If migration is not femsible {(as in figure 14),
population control will be achieved more through incresased death rates
rather than through lowering of birth rztes.

The above results are based onh the assumption’ that the village
is a closed system where food and other supplies cannot be importel and
also that its causal structure will not change substantially in the near
future. However, in the case of social systems, the causal structure
andthe way people make decisions often change, though gradua’ly, to
adapt to the changing enviroment though our ability to foresee such
changes is limited. The implicatione of such changes to the village
system and to the model will be discusse? later in this paver.

The various simulation runs, undsr this assumption, point out
that the population control in the villages will be achieved more through
migration and death than through control of births. The reason being
that in the present structure, the decision to have children is
inflienced more by familial considerations than by larger sociel
eongiderations. Hence, when death rate rises, because of food and other
scarcity, the individual desired family size and, therefore, births



Figure 14
Introduction of family planning and education

with policy of no migration
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incresse to compensate for dying childrén. Unless this cycle is smehow
broken or weakened in the model; the village population does not reach
at a level of low births and deaths and no migration. This implies

a need for structural changes in that system - in its institutions,
traditions, and values. In each 5601ety the cultural norms about vital
matters such as family size; marriage, timing of intercourse and abortion
gre deeply imbedded in social customs and institutions, and changes in
fertility are unlikely with prisr or at least simltaneous changes in
those institutions. Now, we will focus ~n the impact of a few other
policies which are either practiced or recommended for pomulation
control.

5. Effect of Increase in Age at Marriage:

In this model, we will try to investiz=t: how effective the policy
of 'increase in marrisge sge' is in reducing fertility. &fter simulating
the model several times under identical socio-economic conditions* but
gradually increasing the sge at marrisge from 15 to 22 yoars, we found
that the influence of late marriage on elther birth rate or povulation
gize is not significent until it is raised to atleast 21 years which
brings sbout 30 percent reducticn in birth rate (fig.16, 17). More
important, the behavior modes of population dynamics do not change even
when age at marriage is increased to 21 years. However, we cannot con-
clude that it is an ineffective measure of nopulation control, since
the model is too simple to take into account the incressinz mean
generation gap resulted from increasing marriage age and its effect on
population growth. Also, this seems like an 'efflicient' measure, in the
sense that women who marry late can attain thelr desired family size
with perhaps fewer induced abortions and relatively ineffective contra-
ception. However, this efficiency cannot be ochieved unless marriage
age is raised to a sufficiently hich level (figure 18).

¥ i.e, 50 parcent r-ductim in mortality over BQ years, 2 percent
ineres~g: in food production per year, no educstiom, and 50 percent
of the excess vopulrtion migrate overy yeoar.
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Fig, 18
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6. Ihe Impact of Health, Fducation and Family Planni Lng Programg

With a model as crude as the one presented here y Ol& cannot measure
the relative cost effctiveness- of health, education and family planning
programs. These programs are introduced in the model to get an idea of
their impact on the population dynamies in a village. The resulting
behavior of the village system under these programs leads us to the follow-
ing general conclusions:

(1) It =ppears thut the causal relaticnships in population dyna-—
mics in g village are such that the population control at the village
level is achieved through migratior, and through increasszd deaths rather
than through control of births. This implies that the programs specifically
designed for birth control may fail, not only because of the deficiency in
the programs but because, soms of the forces within the village system are
not corducive to the success of these programs.

(i1) A nutrition program along with successful family planning
does not seem to be the answer to population control, as it is often
believed. Figure 19 shows the similated population dynamics in which

1. death rate is reduced by 50%

2. food production is increased by 2 percent per year
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Figure 19

The impact of nutrition and family planning programs in a village'with no migratism
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3. family planning is successful in the sense that
recple can attain their desired family size
by means of contraception

4. average education level is 5-7 years of schooling

5. has a 'feeding program’ to add about 500 calories
per day to nomal diet in the village.

Even then the populstion continues to grow rapidly, birth rate declines
only graduslly and death rate has to rise up to control the population
if the option to migrate is not open. However, these results do not
imply that herlth and fanily planning, education and other similar
progrims in the village system are not useful, They are necessary to
improve the standard of 1iving, but they are not sufficient to maintain
the b=lancs hetween popul-tion and resources in the viliage. The
r=asons why these programs are not successful 1lie in the structure

of this system, The structure recprasanted in this model leads us to
the econclusion that programs to control births alone, may not be able
to centrol the vopulation in the villages unless fairly drastic
structural changes take placs in that soclety. Examples of such change
arc: changes in the femily system, in women's role in the society, in
familial and social rewards that ars associated with smaller families,
Further expansion of the model which incorporates such structural
changes is necessary to understand warious implications of these
changes on the village system.

Linitations and Extensions of the Model

In this section we will list some limitations 2rd criticisms of
the model. The major criticism of this model is tha* it cannot be
validated using fomal mathematical teckniques. We agree with the
spirit of this criticism. .

Yo assume that the model 1s valid if the behavior modes are
intuitively satisfactory. The reasons for adopting such 'soft!
eriteria zro;

1. Thie model is an attempt to formalize a mental model,
Since mental models are usually qualitative, we wish
to avoid formal methematical techniques such as
indexing and standardization to formulste the model.
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The data used in this model comes from a veriety of
sources such ns pieces of information from Khamma or
other similsr studics, educated guessas =nd hypotheses,
jneluding judgements and intuitions. Since we often

" use such dati in our mental models, we feel it will

be appropriate to incorpor~te them formally, thrugh
it will mean a grert denl of empiriceal inaccuracy in
the model.

For thesc reasons, we feel that it is extremely difficult and
perhaps even inappropriate to use sophisticated mathematical techni~
ques to validate this model.

Besiles the limitations of statistical validity there are at
least two others which are more conceptual in nature:

1.

It is a model of population dynsmics. However, its
structure is essentially stable. It is rigid, con-
strained by present state of our knowledge, and in-
fluenced by model builder's biases. Also, it has
N0 built-in mechsanism to incorporate the structural
changes which occur in a real system over time. This
limitation weakens the ability of the model to pre-
dict the behavior of a village under different
policies introduced in the model. We feel that it
is possible to provide the user of this model an
ability tn introduce structural changes, new elements
and new relations in the model over different
periods of time. This extension of the model is
e=s8y to achleve and will increase its usefulness

to a policy-maker.

It is a simple representation of a very complex
system. . Naturslly it does not contain all the
elements of the real system. Alsc, one may get a
feeling of an imbalance of aggregoti~n and details

in the varisus parts of the model. The »art deal-
ing with fertility behavior is developed into

greater detail compared to the other parts of the
model. This imbalance is mainly due the researchers
expertiss in one area and 2 lack of it in others. A
great deal of study and understanding . of all parts
of this system are necessary to attain an arpropriate
level of aggregation in the various parts of the
system.
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Though, in our opinion, the model in its present form is not
useful for predicting the impact of various 'polieies' on specific
villages, it can be used as - communication medium for rolicy-makers
and social scientists. It provides a method for exprassing -ne's
nental model in a procise f£arm that ¢an be understond by most peopla,
Since thers ars as many mental models of a village as there are
people concerned and interosted in its problems, we feel that there
is a need for a mechanism to pake mental models explicit for comparison
and snalysis. The model present-d in this naper is an exampla. It ean
be changed, expanded and improved upsn. But even in its present crude
form, we think it can be used to open up a dialoggue between policy-
makers and people more knowledgeable sbout the system. It is also
an educational tool. With s model such as this, one can l-rrn to
integrate systematically the information mvailable sbout the various
parts <f & system and to gain a better understanding of its problems
and their solutions,
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APPENDIX 4~2

FILE: VILL -DYNAMC  PL
+ THE VILTAGE MCDEL

®

L POP.X=P0P .J#{DT)(B.JKD .JE-M.JK)
N PQP=PQFN

C PQPN=2000 _

R B.KL=B1.X+B2 ,K#B3.K

R D.KL-DR.X*P0P K

A B1.E=(WR1.K/811.X)*(1-4BL.K)
A B?..I{:?IRZ.K/E I2.K}*(1-.B2.K)
& B3.B=(yR3 .K/BI3.K)*(1-4B3.K)

PO I RS &

e
B

el
e

Mp Wi Q0 Q00 bk

W X W3 ke 1 A3 b

M, {I~AR.K*POF LK

© EST . NUMBEE. OF WOMEN T RISK

WR1 . E=(iML1,X) #FP1 K

. WRR . K=(FR2)}*(POP ,K}*(1-ST2)

WR3 . K=iM3 ,K¥FP3 K
FP1.K=(FR1)*(POP.K)*(1-571)
FP3.K=(FE3} ¥ (POP .K}* (1-8T3)
FR1=.091

FR2=.076

FR3=.031

ST1=.04

5T 2=.08

5T3=.06

AML K=TABLE( AMI'1..A7E . K.15.25.2)
aMi=t/.8/.6/.4/.3/.1

M3 K=TABIE{ AMI3 . AG . K.35,.50.3
»Mri=.2/.5/.6/.8/.9/1 '

AGE K=TUBIE( AGET . DU LK,.0,.5.1 ) ¥SW1+L4M
ACIT=15/17/18 /19 /21 /22

SWi=1

LAM=0

AG K=TABLE(LGT.FPC . K/MFR.O,3,. .5)
AGT=35/40/42 /44 /46 /47 /48

EST BIRTH-IMIERVALAIOMAN BY AGR.

QDO OpFFEE:E O E s

Sk g

*

*
!.
&

BIL.E=TF .5 /(1-CF1. 1))
BI2 K=IN . B (F/(1-CR2.K))
BI3 E=INF.K+{F/(1-CE3,¥))
INF . E=TiBIE({ INFT,FPC KMFR.Q, 3 4.5}
INFT=6/3/2.3/1.8/1.5/1.5/1.3
F=.,5
CRL.K=MIH(R1.X..979)#5UCL
CES .K=MTN(R2.K..979) ¥SUC2
CE3 . K=MIN(R3.K,.979) *SUC3
SUCL=C

SUCR=0

SUGC3=0

R1.E=1-(F/DBIL.K-INF .K) )
R2.K=1~(F/(DBI2.X-IIF .K))
R3.K=1~(F/(DBI3 .K-TNF .K})

2T . OF ABORTION RISK/YEIR/PREG.

ABL KT ABLE{ART1,BI1.K/DBI1.K.C.2..2)

MASSACHUSETTS INST ITUTE



X3

T m1;.55/.50/.20/.18/.1.5/.15/.15/.15/.15/,15/.15
4 AB2.K=TABLE(AET2,BI2.KMBI2.X,0.2 ,2)

T .-'xBT2;.5/.4/.55/.5/.2/.15/.15/‘15/.15/.15/.15

4 ABS.K=T/BIE(4ET3.EI3.K/DBI3.X,0,2..2)

T ABT3=.60/.5/.45/.4/.3 2/.2/.2/.2/.2/.2

4 PREG.K= (WR1.K/BI1 K}+(WR2.X/RI2.K) +WR3.K/BI13.K)
S ABR .K=(PREG.K-(B1.K+B2 .K4B3.K)) PREG.K

M :

%

BST . DESTHED FAMILY SIZE

DFS , K=CDFS+SWBHDESH . K/(1-MCRTD . K)
CDFS=0

SW3=1

MORTD .K=DELAY 3(MORT .K.MPD)

MPD=20
DFSN.X=1/B1E(DFSNT..EDUD.K.0,5,1)
EDUD .K=DELLY3(EDU.K,10)
DFSNT=5/4/%.8/3 /2.5 /2.3

MORT . K=MORTN*EDUM , KXFPOM . K* [ 1 -MEDM X)
MORT lé= .4

EDUM .K=T/BLE(HDUMT , DU .X,0,5,1)
EUMr=1/.2/.8/.7/.6/.5

MEDM . K=MDERAMP (RS, RT Y+RAMP (MS, MT')
MS=(

Mr'=0

MDE=0)

RS=0

RT=0

4 FPCM.K=T ABLE(FPCMI_FPC.K/MFR,0,3, .5
C MFR=2000
TreoMr=R/1.2/1/.8/.5/.3/.1

#

*DESIRET BIRTH INTERVAL

4 DFS1.K=CLIP (IDF1.X,UDF1.K,AGE .K,21)

& IDF1.K-TABLE(IDFT1,DF3.X,2,10,2)

T IDFT=1/1/1.5/2/2

A UDF1.K=TiBIE(UDFT1,DFS.X,2,10,2)

T UDFT1=2/2/2/3/3

A DFS2.K=CLIP (1DF2.K,UDF2.K, AGE .K,21)

4 IDF2.K=T/BLE (IDFT2,DFS .K,2,10.2)

T LDFT2=1/2/3/4/4

A UDFR K=TABIS(UDFT2,DFS .K.2,10.2)

T UDFT2=.4/2/3/3/4

A DFS3.K=CLIF({IDF3.X,UDF3,K,4GR.K, 21)

A IDF3.K=r i3I8 (DFT3,0F3.K,2,10,2)

T IDFT3=.4/.4/1.5/2/4

4 UDF3 K=T.BIE{UDFT3,DFS.K,2,10,2)

T WFT3=.4/.4/1/2/%

A DBIL. A= X(Q4-AGE K) OFS1, K, { INF . K+F) )
A DBIZ K=4¥ (10 DFS2, K, (IF .K+F) )

4 DBIZ. K=MK (UG . K-35) /OFSE. K, ( TIF . k+F) )
»*

OO QEHPORAREPARrQOR

* EST. NUMBER OF LEATHS
A4 DR .K=DRIWFM.K*{ L_-MFDM . )
C DRN=.04




T r=5/2/.8/.7/.6/.5/.5 |

¥ BST .KUM3ER OF YTGRANTS
* ECCNOMIC 4D MIGRAT ION SECTOR

A CUT .X=((PO> .K-MAXP .K) ¥PPMY/POP . K
A MR.E=MAX(0UT .K,0)*SH2+0MR

C swe=1

O UME=O

& MOP KFUCD EAFR

C PPM=0

*

* RESQURCE S30TCR
4 FOOD. X=( LAND*PROD*LE , K)+KCRMIE! (MEAN DEV)
G LAND=1000

¢ PROD=4000

C MEAN=0

C DEV=0

4 1 .K=T{DLE(1ET,IVP.X,0,4000,500)*LEP .K
T LET=1/1.1.5/1.25/1.5/1.'75/2.0/2.5/2.7/5.0
A FFC.X=CLIP {EFPC .K,MFPC -E,SUF.K,C)+EP
C NP=0

A MPPC.K=FOD . K/POP K

& EFPC.K=MFR+IVF.K

i IVF-K:B}C.K'*PTF.K

4 PP .K=IFC.K*®IP . K

A IVP.K=DELAY1(PP ,K.3)

4 EDU .K=T ABLE( FLUT, IVE -K,0.4000.500) +EP.K
T EDUT=0/1/1.5/2/8.5/3/3.5/5.5 /5.8

i IVE.K=IPC.K*¥PIR.K

4L PIF -K=P IF IHRAME (RS3,RT 3)

C PIFN=0 )

¢ RS3=0

C RT3=0

- PIP K=PIPN#LAMP (RS4,RT 4)

C PIPN=0

C RT4=0C

C RS4=0

A PIE.K=PIEN+RAMP (RS5 ,RTS5)

C"PIEN=C

¢ RS5=0

¢ BT5=0

4 EP K=EPIHRME (R37 ,RT7)

¢ EZPN=D

C RS7=0

C RT7=0

A AEP . K=IBPHHRAMP (RS6,RT 6 )4R 4MP (M5 6, M T8)
G MS6=0

C MEe=(

C AZPN=1

€ RS6=0

C RT8=0

4 SUF K={FOOD.K- (MFR*PCE . X)) /POP LK

A IPC.K=X(8UF .K.0)

N IFC=IFCH

8 I°CH=0
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S BR.K=B.JK/FOP.K

S GR.K=BR.K-DB.K

A F1.K=R1.K/(POP.K¥FR1)

A F2.K=B2. I»/(Dop K*FR2) -

4 F3.X=83 K/(FOF .K¥FR3)

S TFS .K=(F1.K+F2 .K+F3 . K)*10
PRINI' 1)DFS/2)MCRT /3)AEE/4)FDU/5)TF
C PRTPER=R0

PLOT POP=P(1000,7000) /BR—B GER=G,.MR=M,DR=D (0, .050) /FPCﬁ IrC=1(0,80
¢ PLIP®R=5

¢ LENGTE=100

C DT=1
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FOQCTNOTES

Effectivengas ol eontvaceptisn required to extend the actual birth
interval 4o the desired level is obtained as f21llous,
If BBI = desived birth interval

TF = infantile pariod

then {DBI - INF} is the length of the perind when A woman wants
T2 ryid pregaancy,

If F is the verind of exposure and EC effectiveness of contra-

ceptiom then (3BI - ) = ¥ and rearranging this formula
(1 - EC)
we get B0 =1 - F
- (DBI .. INF)

afhe changes ma“e in the program in vericus simulation runs are listed
belnw:
Fig. 11 Basic Kun

Dew = 200000

Fig. 12 Intrsductinsn of Medical Care
RS M5 MT R38 M58 MI8

.01 ~.GL a0 2 -.02 50

Fig., 13 Mcdiesl tare with migration
RS M3 MY RS6 MS6 MTe PPM

01 =01 50 .02 -.02 - 50 5



Fig.l4

Fig.15

Fig.l16

Fig.av

Fig.19
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Successful family planning, no migration

RS ve M ESE MSE
01 -.01 50 .02 -.02

SUC 1 S 2 SUC 3
1.0 1.G 1.0

Successful fznily planning ,constant
ES MS MT K58 MS6

001 --01 50 .02 -‘.Og

SUGL sSUce SUC3 SuWz OMR

1.0 1.0 1.6 0 006

Changing age at marriage .

RS M5 ME R56 M58
L1 -.01 50 .02 -.02

nOl "‘-Ol 50 -02 —'02

Mutrition and Tamily planning
RS MS MT B8 M3

C1 -.01 50 DR -2

FIFN BN P SUiC1 SUC 2

2 2,0 300 1.0 1.0

MI'G EPN

50 2.5

and low nigration rate

MI6 EPN

50 2.5°

ML & LiM SWI PPM

o0 15 0 st

50 21 G o5

M6
S50
3UC 3

1.0
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