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ABSTRACT

In developing countries population growth is causing
a lot oi undesirable problems, During recent years long term
population policy has become the mattef of great interest due
to populétion expioslon; This work is an attempt to simulate
the effeot of various control efforts on population growth
in Indian context, The study is done by considering arbitrary
uniform reduction in birth rate, increase in minimum age of
marriage & family planning efforts, The results show that
minimum age of marriage effects the population growth in initial
part of the time herizen while family planning efforts effect
the population in later years§,Papu1atiun study upto year
2041 in a interval size of 5 years has been considered & the
population levels by considering above various efforts have
been simulated, In this work anly female population have been
considered by-assuming it as 48% of the total population, The
input data héve been taken from the Prelim Census estimate
of India 1981,
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INTRODUCTION

The rapid grqwth of population in developing countries
is hampering economic development, causes unemployment and
other problems, The population explosion is an off shoot of
poverty and has to be tackled as part of the over all de81gh
for a better life, To reach the demographic goals and to
integrate family planning, with the overall strategy of socio=
economic development, a number é£ programmes have t¢ be
initiated, There has been an adequate recognition of the
interaction hetween;populatiqn'ﬁnd develOpﬁent in programmes
relating to limiting the rate of population growth, but
experience has exploded the:fauaay that development will take
“care of the growing humbers.SOexouecsnomic progress may conw
tribute for adoption of the small Family norm by couples. But
if there is a strong in-built iinkage between fertility
control measures and economic development processes, the
battle against growing numbers will be won sooner than
expected (8), |

Socio-economic programmes relating to literacy improve-
ment invelvement of women in work, enhancing the status of
women in soclety are considered important in the context of
a long term policy of reduction in fertility. To the extent
that improvement in éccio-econemie sector influence fertility
behaviour, the need for integrating family welfare programmes
with other development programmes must be recognised while

family planning is more appropriately a programme of family



: 92— 2
wel#are, the later has two essential phases. The first i1s the
action programme in the family planning and the second would
be the continuing efforts to integrate family planning and

welfare programmes in associated sectors of development.

During recent years long term population policy has
become the mattér of great interest due to population explosion.
In India during last few decades the birth rate has decreased
However, ihere has also been a considerable reduction in
mortality rate due to better health care system. Thus the
resultaht population growth rate has not significantly reduced,
Populétion“beycnd certain level (termed as a bearing capacity
of land) éreates-many undersirable problems like depleting
economy, unempioyment and other related social difficulties (4).

In this context population planning becomes very impor=
tant to acheive the target of desirable population size (a
population size which can be borne by land), It‘the pOpuiation levél
is nigher than the desirable one, then the first problem is to
achelve the target of zero population grcwth and thén the
desirable size (4), | |

The urban areas have by now become ¢onscious about the
need for small familles but in rural areas a large family is
still considered as asset . (8). The extinction of population
is an interesting topic in study of population modelling. In
deterministic models, if the net growth rate‘is always non=-
negative then the population number can never reach zero. If
the growth rate is dependent on population level then the
population can either become extinet or not depending on the
initial population number and is predictable (12).
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A variety of stochastic modeis for pépulation changes
have been developed (Q)Q’Sinae stochastic models incorporate uncer
uncertainty into the toq mulation, the time forextinction
is a random variable, Thus the ti@e for extinet;oh needs to
be obtalned in a probabilisti¢.seéseg this makes the étudy
of population extinction in stochastic models a mcre}disficult
problem, However, these models are complex and in the‘context
of Indian population, which has been studied in the present
thesis, deterministic models have been utilized,

Statement of Problem: To simulate the effect of various
control efforts on population gr@w%h'and demographic (age)
distribution for India.

In this work Chap,2 deals with the study‘ of modelling
and simulation, Model development and computer simulation of
dynaomic models are also discusselin this Chapter, In Chap, 3
discrete populatiak models in time and age has been described,
Population policy for a closed population with specific example
of India, is considered as a control problem, In this problen,
age~specific fertility is a control variable. Different ways
of controlling fertility have been described under the choilce
of fertility control. In Chap, 4, simulation results have
been reported for different types of fertility control, In
Chap, 5 thesis work has been concluded with some suggestions,



2,1 Philosophy of Modelling

“ Modelling plays an important role in understanding the
dynamics of the system, Once a satisfactory model for a given
system is developed, the properties and hehavious” of the system
¢an be studied. Modelling is a part of the overall research
programme to gain deeper qnderstand&ng of the system, Modelling
cannot provide new knowledge about the system, but can serve

to integrate the available knowledge of the system (5).

A 'model! is defined as the body of informaéion about
a ‘system gathered for & tﬁe purpose of studying the system,
Since the purpose of the study will determine the nature of
information that 1is gathefed, there is no unique ﬁodel of a 8
system, Different models for the same system will be produced
by different analysts interested in different aspects of the
system (15). | | g

Models are valusble to the extent that they raise new
questions, suggests new‘relationship and lead to the new experi-
ments that.might not otherwise have been considered. In most
of the cases models predict new relevant prdperties of the
system, Models also suggest constraints exisgting in the system
being modelled., Thus the model computes, extrapolates and
predicts the new facts which accelerates the process of learn=-

ing asbout the actual system,



2,2 Types of Models

Models used in system studies have been classified in
many ways. The classification that would be used in this work,
1s shown in Fig. 1. Models will first be separated into physical

models and mathematical models (5).

Physical models are based on sSome analogy between suén
systems as electrical and hydraulic, The system activities are
reflected in the physical laws that drive the model. Mathematical
models use symbolic notationsand mathematical eqﬁations to
represent a system., The system activities are represented by

mathematical functions,

The selection of a particﬁlar type of model dépendsluﬁon
the easiness, simplicity required the accuracy neceded, the
purpose of study, the data available and such other factors (15).
In the context of current study, the choice is restricted to
a mathematical model, In fact a mathematical model whieh can
be simulated on a computer, '

A 'good computer model',is_one'which satisfies three

£ . _
criteria +to be useful, in education and researeh.

Te It must agree structurally with the actual system but
must be modest in size,

2, Its parameter must be measurable or estimable.

3e It must £it computer simulation capabilities.\

Obtaining the model parameters values is a difficult

task, Parameters may be estimated by performing experiments or
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by using computational techniques to optimize values.

2.3 Utility of Models

For an engineer the introduction of model provides a link
between discriptive and experimental data, The existence of a
mathematical model provides a mean for rapid experimentalion
and understanding of the system functions which may not be possi-
ble otherwise, For those involved in research work a mathematical
model provides a methed of summarizing what is known about a

system and communicating the information to ¢thers,

One of the advantages of model concept 1s'thaﬁ‘it can
be used as an aid in system studies that involve the interaction
between components of the system. A perfect model can be built
only iq’everything about the real system is known, Hence =a
systematic combination of the gross aspects and then more
subtlle properties of the system is necessary. This implies’
that a model can hat be developed by analysis along. The process
must consists of both the analysis and experimental work, each
supplementary to each other, By examing the difference between
the postuléted model and real system, the understood portion
of the real system is, in effect, subtracted out and attention
then can be focused on more subt/le properties of the system,
Thus the models are used to provide a technique to gain more

insight and understanding of system functions,



2,4 Simulation

Simulation 18 one of the most powerful analysis tools
available to those responsible for the design and operation
of complex systems., It allows the user to experiment with
systems where it would be impossible otherwise, We define
simulation as the technique of solving probléms by the obser=

vation of the performance of a dynamic model of the system.

Simulation is heavily based upon computer sclence, mathe~
matics & statistics, Like all powerful tools which depend heavily
upon art in their application, Simulatibn is capable of giving
either very good or very bed results,'depending upon how it "
is.uaed; It is theretbrev necessary that the decision makeri?

be aware of the implications of certain assumptions made (15).

In substance, every moddl or representation of a thing
is a form of simulat;on; Therefore, simulation is the process
of designing a model of a éeal system and conducting experi=
ments with this model for the purpose either of'un&erstanding
the behaviour of the system or of evaluating various strategles
for the operation of the system {15), 'Thus the process of
simulation includes both the construction,or model and the
analytical use of the model for studying a problem,

Simulation'modelling.is an experimental and applied
methodology which seeks to:

1. Describe the behaviour of systems
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2, Construct theories or hypotheses that account for the
observed behaviour, -

- |  Use these theories to predict future behaviour i,e. the
effect that will be produced by changes in the system
or in its method of operation.

Unlike most technologies, which can be classified accore.-
ing to the discipline in which they have their roots, simulation
is applicable in all discipline, Simulation received its original
impetus from the aerospace programmes, but bven a casual
survey of the literature indicates the broad field of present
applications. For example simulation is used in business,

- econonics, marketing, education, social science, transportation

and many others.

All simulation are so-called input-output models (&),
Therefore, simulation models are 'run' rather than 'solved!
in order to obtain the desired information or resultS, They are
incapable of generating a solution on their own in the sense
of analytical models, they can dﬁly serve as a tool for the
analysis of the behaviour of the system under conditions specie
fied., Thus simulation is not a theory but a methodology of
problen soiving. Furtherﬁoreg simulation is only one of the
several valuable problem solving approaches available to the
system analyst, Simulation is used when one or more of the

following conditions exists,
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{a) Analytical methods are available but the mathematical
- procedure are SO complex that simulation provides a
simpler method of solution.

(b) A complete mathematical formulation of the problem does
not exist or analytical methods to solve the model 1s
not yet been developed. |

(e) It is desired to observe a simulated history of the
process over a period of in addition to estimate certain
parametérs,

The main drawback bf simulation is that it givés specific
solutions rather than general solutions, It may be more time
consuming énd more costly_ta obtain the same sample size, Many
simulation runs have to be made to undersiand the_relatiopships
involved in the system, éo the use of simulétianlin.a 3tudy

must be planned as a series of experiment.

The idea of simulation is appealing to system analyst
because of its simplicity, Therefore one tends to adept the
simulation approach to almost every problem one encounters.
Daspite its lack §f mathematical saphisticatioﬁ and elegance,
simulation is one of the most widely used quantitative techni-

ques employed in management problem solving.

Computer Simulation of Dynamic Model (5)

Simulation is a very general method of studying problems,
Someé of the steps involved in the progress of a simulation study
are illustrated by flow-chart shown in Fig. 2,7
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Initial step is to describe problem which is tobe
solved. Based on the problem definition, a model must be
defined when it is decided to simulate, the experiméntal nature
of the simulation technique makes it essential to plan the
study by deciding upon the major parameters to be varied; the
number of lawsto be conducted, and the order in which runs

are to be made,

Givén ﬁhat a gsimulation is to be on a dtgital computery
a progfamme pust be written. The validity of model must be
estaﬁlishedﬁbefore begining the major set of runs,; This 1is an
important step which requires good judgement.

Theistudy then moves intco the stage of executing a
'series of runs according to the study plan the study is not
likely to ¥proceed in the orderly steps lmplled by flow chart.
As results are obtained, it is quite likely that there will be
| many changes in the model and the study plan. In the construc~
| tion of a model certain parameters of the system are clearly
going to be important. There may also be some parameters where
importance is not so clear. The early runs may meke their sig=

nificance clear and so lead to a reassessment of the model,

In simulation more data and understanding of the
problem are gained, the validity of using simulétion»should
'be re-~evaluated, As large computers and large sample sizes
are so often involved, the cost of simulation is nearly always

high compared with solving a analytical model.,



CHAPTER - 3 ,
DEMOGRAPHIC MODELS

Having discussed the topics of modelling & simulation

in general in previous chapter, this chapter is devoted to

study of demographic¢ model, specially selected for stuﬁy of

population dynamics in Indian context,

P

Demographic Model

To analyze the population characteristics for a certain

- span of time a discrete time age model has béen developed on

following facts and assumptions,

1a

3.

It has been assumed that population system is a clesed
systenr i.e, no persbn_is migrate <+o other countries
and no foreigner is allowed to remain in India as its

citizen.

If the whole populationis devided into different age
grou§s'say és 0=5, 59 etc. (O«4 means children who
have not completed 5 years & so mn),_theﬁ it is obvious
that afterla'given span of % years, the population of
any particular age group wi;l‘be the population of its
previous age group minus deaths in that group.

In first age grohp i.¢s Ouiy yearé, the population will
be the children born durigsg 1ast'5 years. The population
of this group will depénd on survival of children, fenmale
population in different age groups and their fertility.

7R |
SBAL px L JTRVERSITY OF PRRRYT
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L, Mortality rates had decreased considerably in earlier

decades after 1ndependencea However, in recent years'
 these have become some what constant, While, it is

expected that there would be further reduction in
mortality rates in future also, speclally in infant
mortality ratio, it is difficult to estimate the values
of mortality coefficients in different years, So the
wortality coefficients which are mentioned in the ¢ensus
1981 has been assumed to remain constant throughout the

tdurétion of our study.

5. Only female population is being considered in the model,

As the data available for population study are in e
aroup of 5 years, 3o it is not possible to.study the population
‘pattern by a continuous model to simulate the population
pattern'disarete model is more appropriate, In this work a

discrete time model is used tec sinulate the pattern.

The basic demographic model (3) in discrete time age

horizon can be described as

P(i*1, §#1) = P(L, 3) -JA(L 3) P(E 3) (3.1)
Whees, ’ | |
P{i,3) = No, of persons in the age group (i - 1) to
1ts at the instant to +jh. |
Where,
 1=2,2,3 ...
J=20, 1, 2 _ .

ML 3) = Mortality co-efficlent, death perunit of person
of age 4, at the time interval J, in the interval
(i - 1)h to ih during h years. ’
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For simplicity we assume that mortality coefficients do not
depend on time J,
A1 3) = J5)
The eqh 21 has an initial condition
as P{1, §*1) = U(J) ~ (3.2)
; 'fer'jln 0y 1, 2 L
vHérel}(a) is the number of persons born during the period to
+jh to + (§*1)h and surviving up té the en@ of this period. .
The number of children born and surviving during interval h, is
given by. - |
(3) » %1 8.6 + he m.(4,3) Pp(d,3) (3.3)
Whefe ‘
Py (i,j)‘ is the female population of age i during
o time interval j.
m(i, j) is fertility of a woman of‘age 4 and at time
| interval j. o
S = survival ratio during to +jh to to + (j+1)h
B = female or male population to total birth,

A computer programme to calculate population of different
age grdups for popul next years has been developed on the
‘basis of flow diagramme shown is fig. 3.

Population model was simulated for different ﬁethods’
wf fortility control, For starting time instant, the data were
- taken from Prelim census estimates of India 1581, The distri-
bution of population by age-group, percentage of married, |
divorced, widowed of separated population and fertility pattern
were necessary input data for simulation, Distribution of

#5324 population by age group is shown in table 1. In this
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Iable = 1

' CENSUS DATA 1981 B
Distribution of Populatiocn by 4Age Groups

bty
~3

AGE GROUP POPULATION (in thousands)
0=l 83,751%
5«9 93,839

10-14 85,675
1549 64,087
30‘“2“ 57:308
25-29 50, 747
 30-34 42,4L2%
35-39 38,895
40=bd 34,212
4549 29,250
50=-54 25,440
 55-59 26,441
60" 43,172

¥Data suspect,
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table the population from O=4 is suspected because it is

tess than the population of age group 5-9, also there is a
sharp decline in population level after 10-14 years age group,
which seems to be incorrect. This pattern does not match

with the previous censuses,

It's reason may be that the children who have not attained
the age of 5 years but are older than &4 years not have been
included in the O=4 years age gréupﬁ If the population of this
group is increased by a swuilable amount the pattern would be

in conformity with previous data of expected values,

In table 2 approximate feméle pcpulationvin different age
groups is mentioned. These data are derived from table 1 by |
cnnsidering_fémale population as 48% of the-total pepulation,

In this work only female population has been taken into
accouht instead of whole population. This is not unreascnable
as only error on thie account would be because of a s5lightly
different male %o female ratios in different fertile age
groups for which average value have been used, based on ovaré

all population,

' Age specific mortality is tebulated in table 3., Mortality
co~efficients of only female population are mentioned. These
coefficients are taken from Indian statistical department and
are aé#umed to remain constant for coming years.¢ensus data
for percentage of married, widowed or separated women are

tabulated in table &, The percentage of unmarried women in
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ahle = 2

Age Specific Mortality 1981

AGE GROUP | FEMALE POPULATION =
0-4 | 0,0222800
5=9 : 9.0020000
10-14 - 0,0008500

15-19 0,0012200
20-24 A 0,0017500
25-29 - 0,0017500
30-34 | 0,0024200
35-39 0,0024400
LOo-hily 0,0024400
4549 - 0,0034600
50-54 | 040058100
55=59 0,0071200
60* - 0,0260000

Mortality coefficients are taken from Indian Statistical
Departuent, | |
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Table = &
(Census Data 1981)
(Percentage of Married, Widowed and divorced Females Population)

Age Married Widowed . Divoreced Unmarried
Group . ' .

15-1% 43,47 0.21 ~ 0.2 - 55,9
20=24 . BGAb 0,69 0,82 12,05
25-29 94,33 1,50 0.88 3,29
30-34 . 94,81 3.12 " 0.87 1.2
3539 93,17 5,42 0.77 0,64

LOwldy 87.81 10.86 0.78 - 0,55

r

Table - "é
Fertility Rate ({1981 Census)

N

AGE. 15«19 20-24 25«29 30«34 35-39 404l 4549
GROUP | |

BIRTH/ 34 92 256 208 162 90 56
women ' ’
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different age groups has been derived from these available
data. Smooth curves are shown in fig, 4 for ever married

and married excluding widowed and divoreed women.

3.2 Choice of Fertility Contro:

The important factor which effects the population
growth is the fertility pattern, Fertility pattern describes
the age specific fertility of women, To check the population
in coming years, it is necessary to control the fertility by
different control efforts. Following different fertility

controls have been considered for five years age group.

(1)  Exponential Decay: In this model fertility decays
from an initial value at a rate proportional to the current

values, The change in level of pattern may be expressed byQﬁ&).

_ou' :
m (3 3)=e m (i 0) O 1 &y 7 va8m,
_ : ' a@@mm
Here we will assume the pattern of Ffertility will not vary

with time but the level may be increased or decreased as

a whole, In above relationship m{i, J) is the fertility of

age group i at time interval J and m(1,0) is initial fertility
of that group, « is arbitrary control factor. The characteris-
tics of the model is that the level m(i,0) is divided by\a
’constant factor for a given interval of time, Since e is approx.
2,72 the level is reduced by a factof‘ﬂ.ﬁ?. Each successive

~ interval of time reduces the level by the same factor, so

there is nothing significant about the value e, but comparing
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values of j for different models measures the relative times
they will take to decay by a given fraction. As the value of X
goes on increasing the value of m (1,J) will decrease fastly

in future time interval.

In practice a lower bond on fertility levels will also
have to be used, Further the rate of decrease cannot exceed
an upper limit which depends on the efforts aé well as the
social norms., The maximum rate of decay of fertility should
be chosen properly with lower minimum bounds on rertility to
obtain results of practical use,

Table « deals with the fertility pattern in different age
groups. Ihese data have been taken from census ef Indian-1981.
This pattern is represented by a histogram in fig. 5} Based
on the age fertility, Marital fertility has been'derived in |

- table 6 for different age groups. $

(i1) Minimum Age of Marriage:s The minimum age of marriage

plays an important role in fertility control specially in the
initial-fertile age group. If the minimum age of marriage is
incregse&, the fertility in that age group will certainly be
decreased, To find out the efféct of minimum age of marriage
on fertility the model (4) §7 m - is used, The expression
for age specific marriage rate as_prcposed by M,C,Nail (3) is

“"'ocu 4 ’ ‘ ‘
g(a) = §o B (a-ag-6.06K) - 0.288 (4 _606) 5.5

This relation gives rate of marriage in different age group.
In this relation ay is the minimum age of marriage, a is the age
at which marriage takes place, K is the moment at vwhich marrdiage

takes place, ¢ & ¢ is proportionality conmstant.
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Proportion of population marrying up to age a is given by
o) = % o) ax (3.6)
20

To match the peréentage of married women in different
age group, with the preliminary census estimation 1981, it was
necessary to find a suitable value of K, It was found that at

K = 0,44, the marriage pattern would be in conformity with

that of census data, The age specific fertility f(a) of a
particular age group is giveﬁ by | |

£(a) = G(a)X 7\(a) G
Where 7'(a) 1s a marital fertility of female of age a,

Using this relationéhip marital fertility has been
calculated for different age groups from census data 1981, Which
has been shown in tabie 6, Then using'these'values of marital
fertility and the calculated percentage of ever married women
have been used to f£ind the age specific fertility for different
age groups, Using these values of age-specific fertilitpy
effect of minimum age of marriage on population pattern has
been‘simulated.

The effect of changein minimum age of marriage can be
studies in two ways. |

1. Step change in the minimum age of marriage and then
compute the prOporiion of~p0pulation‘mar?ying in different age
groups. In this work step changé_of 17,0 yrs. and 19,0 yrs,
has been made and the percentagé of popglation narrying in

different age groups is computed,

2, ~ Change in minimum age of marriage taking place over

a period of time, Here change in nminimum age of marriage has



(Marital and Age Specific Fertility of Female

of different age group)

Maritel Fertility

Age ~ Age specific

Group #(a) G(a) 7{a)
15-19 0,17 43,47 0.391
20«24 - 0,96 86.b4 1.1
25-29 1,28 94,33 1435
30-34 1,04 94,81 1,09
35«39 - 0.81 93,17 0.86
L4044 0.45 - 87.81 C.51
4549 0.28 82.93 0.33




been taken into consideration during the period 1981 to 1991
from 15,5 yrs. to 19.0 years into two steps.i.e. 4in 19871 it

15 15.5 yrs. in 1986 1t 1s 17,0 yrs. and in 1991 it is 19,0 yrs.
After 1991 the minimum age of marriage has been assumed to

- remain at 19,0 years for the rest of the pericd,

In this thesis work the population changes in different
age groups and different time interval are computed for above

-two conditicns.

(iii) FamilePlann;gg Effortgs: India 1s the first developing

 country which.recagnized populétion control as one of the

| gradlents to ageelerafe development, set out to reduce the
birth rate through an official family planning programme.
Inspite of encouragement given by the gevernment the control
efforts have to be‘increased considerably to attain the desired

reduction_in birth rate.

Earlier a very simple model with uniform decay in

. fertility level has been discussed. In real situation uniform
decay of fertility in all age groups are noi-realistic. The
changgyin_ut minimum age of marriage has effect in initial
age gro&ps vhere as the family planning in later age groups.

‘Thé ﬁattern which determines the effecf of family
- family pianningAQn fertility pattern can be given by (4)

fori=4 10 m(1,3¢1) = m(1yy) gAR(D).(1=e7HIE) 0 (5e8)
& J=0, 1, 2 o . o A o

Earlier work reported has suggest the value of para=-

meter ak to be approx. 0,32649 for Indian case (#). The same
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value has heen,adoptéd hereq‘The initial value of anm i.e,
an(0) is taken as 0.1, The value of am(0) are chosen to match
the family planaing. The value of m(i,J) for J=0 has been
taken £r6m the census of 1981,

Family planning has been studied into'ﬁwé ways.

1. Step change in family planning efforts as 01, 0.2,

‘0.4 and then computé the population in different age
. groups.

2,  Change in family planning efforts for different time
interval, In this case the efforts has been increased
from Q.1 ﬁ;‘0¢5_in 25 yrs., and then its value remains

u 0+5 for the rest period.
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CHAPTER = 4
SIMULATION RESULTS

In previous chapter, demographio model and choice of
fertility control has been discussed and all the input data
are tabulated. Based on these data in different tabulated
form, the effect of various control efforts on the poPulétion
distribution upto year 2041, have been simulated. To use the
input data with the modification, the time interval of eadh

period has been selected as 5 years,

In table 7 age distribution of female population has
been shown for the year 2001 and 2041 for the situation ir which
no change in birth rate have been assume, The age distribution
¢clearly shéws that in later years ﬁhe—e;ée;agapa%a%éa&,(Also.
-1n year 1981 and 2001)the oldévgpepulation has a handsome
contribution Ln total pepulation. The pmpulation levels are
exceedingly highp

The pattern of population upto 2041 is simulated under
the different ways of controlling fertility pattern. Results
have been obtained for the different situations outlines in

the pbevious chapter.

4,1 Exponential Decay (Arbitrary Control

Effect of different values of abbitrary control efforts
is tabulated in table 8 and the traaec%ormg have been shown
in fig. ?. It is clear from the trajectorres 5and tables that
by increasing the value of control efforts, the population
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Table « 7 ‘
(Age distribution of female population)

with no control

Age % of total female population
Group 1981 2001 2044
0 -4 14,7 4.7 13,48
S5 9 13,7 1.3 10,9
10-~14 ‘12,5 . 9.5 9.6
15-19 Ok | 8.3 8,6
2024 8.4 8,0 746
25-29 7.4 8.4 6.9
30~34 6,2 | 7.6 6,35
35-39 5.7 5,7 5,8
Lokl 5.0 5,0 5e2
4549 443 | 4,5 4,5
50-54 3.75 3.7 3.8
55«59 2,4 3.3 3425

60* B34 9,9 13.85
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fable = 8

Effeyts of Arbitrary Control Efferts on Population

Control PO?ULATION (EN MILLIQNS)
Bffort 1981 1991 2001 2011 2021 2031
0,00 320 405 517 645 793 978 1200
0,01 320 398 488 578 662 Tl 809
0.016 320 393 473 545 602 644 C 667
0.020 320 391 464 525 568 593 605
0,025 320 452 502 531 550 555

287
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decreases more rapidely.¥rajectory without any kind of control

has been considered as a reference trajectory.

In this type of fertility control, if we assume the -
arbitrary control factor as 0,01, then after every decade the
fertility would be reduced by 9.5% of its present value, If
we want to further decrease the value of fertility pattern
- then the value of X should be increased, For example if we
‘?oonsider the value of K as 0,02 then the fertility pattern
would be reduced by 18.2% after every decade, |

of Marriage
This factor blays an important role in ¢ontroliing

fertility. Percentagé of marrie&'women in different age groups

 for different minimum age of marriage are shown in table 9.

By increasing the minimum age of marriage the percentage of |

female popuiatton in initial fecund group goes on decreasing.

Which naturally effects the population in coming years.

In table 40 this effect is clearly shown upto year
2041, The énother effect of varying the minimum age of marrisge
from 15,5 to 19 years upto year 1991 and after that 1t will
remain constant at 19 years for the rest duration is also

mentioned in the same table.

4;3' Family Planning Bfforts
Increasing minimum marriage age has considerable initial

impact on population control but family planning efforts only
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are able to keep the population in the desirable limits in
long term. Population upto 2041 has been‘shown for different
values of family planning efforts in teble 11. The table
¢learly shows the effect\of increasing the control efforts on
the population upto 2041 in a desirable limit. The effect of
increasing the family planning efforts from 0.1 to 0,5 in

25 years 1s also shown in the table,

. 172 : |
A complete table showing the population level under

above various cheices of fertility control, for the year 2001,
2021 & terminal year 2041 has been drawn., Which shows the
comparative effect of different choice on population,

4,4 Birth Rate

Population of ihitial age gfaup.i.e. Ow4 years has
been simulated for different types of fertility controls.
Fig.10 ‘rgpresents the.birth rate for arbifrary control. The
curves are not smooth in nature, the reason for this is the
data available for age group O-4 1s suspect and also there
is a sharp difference in population of age group 10«14 &
15-19 which alsc seems erroncous, There is, thus, a need for
proper modification of this data, However, thése errors are
not having significant.éffect'an over all rates of poPu;ation
growth for a long period of time, .
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Table « 12

CONTROL

CONTROL.

POPULATION’LEVEL (MILLION)

STRATEGY  EFFORT 206 1 2021 2049
. Arbitrary 0,00 1078,.2 ' 1651*7 2500
Control 0.01 1017.5 137843 1685.8
' 0,02 965.8 1183.3 = 1259.8

0,025 942,5 1106,6 1156,9

Minimmum 15,5 1079.2 1658.3 . 2518.,8

Age st 17.0 ' 1050 15719 2310.4

Marriage 19.0 1022,9 oAb . 2129,2

¥1n Agei A

ncreasing ., . \. _

from 15.5 1061.7 1530 2181,3

to 19 in 10

years

Family 0.1 1037.5 1423 1770

Planning 0.2 1044 .2 1268,.8 1387.5

EHOYTS 0;@ 952.'3 ‘!075 101‘&.6
3«5 931 93 101205 91‘*&6

Family Plannirg Eforts ' | |
Ingreaseég flor , '
for 0.1 to 1014,6 1198 1166.7

years
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On the basis of discussion and simulation of results

for different methods of fertility control, in previous

chapters, it is clear that a general conscience is necessary

to reduce the popudation level. If we consider the bearing
capacity of land to be about 1250 « 1300 million, then our
aim would be to keep the population level with in this level

in coming years,

From the results of simulation some conclusion can

be drawn, about the effect bf different population control

measures and their levels required, so not to exceed the

bearing capacity of the land,.

1,

In case of arbitrary control of fertility, pattern, if
the value of (150,01 then pattern will decrease by
9.5% per decade, For acquiiring a level of 1250 = 1300
million the table shows that the value of £ should

be 0,02 i,e, the rate of decrease of pattern would be
18.5% per decade. \

By varying the minimum age of marriage, on the basis
of results mentioned in table 10, it can be concluded
that this factor effects the population pattern only
in initial stage of study. It is clear from table 10
that by raising minimum age of marriage 15.5 to 19.0
years, initially the reduction in population growth
rate is quite high but the effect over a long time
span is not that significant. ‘



3. Family planning efforts really have condiderable
effect on population growth in long duration, It's
effect in initial time interval is not much, A obser-
vation of table 11 confirms this conclusion. It can
be concluded, also that to control the population
level, emphasize must be given on family planning efforts,
" To obtain the desired level of population upto bearing
~ cepacity of land, the table shows that the family
phanning efforts with a intensity of 0.2 should be used,

z ggggst;ons & Farther Scope of Work
‘In this ahesis due to 1ack of data available the mortality

coefficients have been assumed to remain constant throughout
the period of study but in actual case, the mortality coeffi
cients would be decreased with time., So these coefficients

- nust be estimated for different years to £ind out the actual
.population level,

n this work the famale population has been derived:
from total population by assuming the women rationas h&%
of the’ total population for all age groupa. In actual case
the wnmenvratip,yould be_different for differenﬁ,agesgroups.
So if the actual age distribution of female population could

be available then results can be more accurates.

A study éan.be.very_aggregated By‘éaﬁsidérihg zone
wise population, A zone must have almost same geographia
conditions and aame leVel of living. ﬁhen resulfs obtained

can be mpre accurate,



One 1nteresting study could be to consider the
population of the status with very different 1eve1 of |
education as in Bihar & Kerala (in India) then uertainly
some interesting results would‘be‘obtained %o show the
utility of éduoatigﬁinkgeﬁingvthe population 1evelvt0 
a certain limit,
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