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In developing, countries population growth is causing  

a lot of undesirable problems M During recent years long term 

population policy has become the,  matter of great Interest due 

to population explosion. This work is an attempt to simulate 

the effect of various control 'efforts on population growth 

in Indian context, The study is done by considering arbitrary 

uniform reduction in birth rates  increase in minimum age of 
marriage & family planning efforts. The results ,show that 

minimum age of marriage effects the population owth in initial 

part of the time horizon while family planning efforts effect 
the population in later years, Population study upto year 
2041 in a interval size of years has been considered & the 
population n evels by considering g above various efforts have 
been simulated. Zn this work only female population have been 
considered by assuming it as 48% of the total population*  The 
input data have been taken from the Prelim Census estimate 
or India 1981k  
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The rapid growth 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 design 

for a better life,, To reach the demographic goals and to 
integrate family plann ng* with the overall strategy of socio* 

economic development, a number of programmes have to be 
initiated. There has been an adequate recognition of the 

interaction between _population and development in programmes 
relating to limiting the rate of populat .on growth, but 

experience has exploded the fallacy that development will take 
care of the growing numbers. Socioeconomic progrees may con"' 

tribute for adoption of the small `family norm by couples, But 
if there is a strong in-built linkage 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-

meat involvement of women in work, enhancing the status of 

women In society are considered important in the context of 
a long term policy of reduction in fertility. To the extent 
that improvement in socio-economic 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 
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welfare, the later has two essential phases. The first is 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 matter of great interest due to population explosion.  
in India during last few decades the birth rate has decreased 
However, there as also been a considerable reduction ,n 
mortality rate due to better health care system, Thus the 
resultant population growth rate has not signif oaittly reduced, 
Population beyond certain level (termed as a bearing capacity 
of land) creates many undersirable problems like dep,te±ing 
economy#  unemployment and other related social difficulties (4) ,  

In this . context population planning becomes very impor-
tart to acheive the target of desirable population size (a 
population size which can be borne by land) , If the population level 
is higher than the desirable one, then the first problem is to 
aeheive the target, of zero population growth and then the 
desirable size (4), 

The urban areas have by now become conscious about the 
need for small families 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 extinct or not depending on the 
initial population number and Is predictable (12). 
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A variety of stochastic models for population changes 
have been developed (9) Since stochastic models incorporate uncer 
uncertainty into the for mulation, the time forextinction 
is a random variable. Thus the time for extinction needs to 
be obtained in a probabilistic sense&  this makes the study 
of population extinction in stochastic models a more difficult 
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, 

St .atement of probl. m: To simulate the effect o ' . various 
control efforts on population growth 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 
dynamic models are also disoussaln this Chapter, In Chap, 3 
discrete population models in time and age has been described„ 
Population polity for a closed population with specific example 
of India, is considered as a control problem. In this problem, 
age*speci is fertility is a eo.ritrol variable. Different ways 
of controlling fertility have been described under the choice 
of fertility oantrol- In Chap, 4, simulation results have 
been reported for different types of fertility control. In 
Chap. 5 thesis wort has been concluded with some suggestions. 
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MODELLING & $ 'LA2`i+  ~ 	 w(~t~Mrrr 	rrrrrnr ~ rrrrr.rwrrrr~w. 

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 behaviou of the system 

can be studied. Modelling is a part of the overall research  

programme to gain deeper understanding of the system, Modelling 

cannot provide now knowledge about the system, but can serve 
to integrate the available knowledge of the system (5), 

A 'model' .s defined as the body of information about 
a 'system gathered for the purpose of studying the system* 
Since the purpose of the study will `determine the nature of 
information that is gathered, there is no unique model of a a 

system. Different models for the same system will be produced 
by different analysts interested .n different aspects of the 
system (15). .  

Models are valuable 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 properties of the 
system. Models also suggest c onst. ainta exi*ting Ln the system 
being modelled, Pius the mode. computes, extrapolates and 
predicts the new ,facts which accelerates the process of learA- 
ing about the actual system, 
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2, 2 fipes of Models rw 	~rrr.~Mn.++rrnrr+r~.w 

Models used in system-studies have been classified in 

many ways, The classification that would be used in this work,. 
is shown in Fig* 1. Models will first be separated into physical 
models and mathematical models (5).  

Physical models are based on some analogy between such 

systems as electrical and hydraul c, The system activities are 
reflected in the physical laws that drive the model, Mathematical 
models use symbolic notations and mathematical equations to 
represent a system. The system activities are represented by 

mathematical functions, 

The selection of a particular ye of model depends upon 
the easiness, simplicity required the accuracy needed$ 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 	can 
be simulated on a computer, 

A 'good computer model' . is.one which satisfies three 

criteria to be useful, in education and research. 

9. 	It must agree structurally with the actual system but 
must be modest in size# 

20 	Its parameter must be measurable or estimable. 

3. 	It must tit 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 	ility. of Models 

'or 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 experimentation 
and understanding of the system functions which may not be passi-
ble otherwise. or those involved in research work a mathematical 
model provides a method of summarizing what is known about a 
system and communicating the information. to Others,. 

One of the advantages of model concept is that 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 if everything about the real system is known, Hence a 

systematic combination of the gross aspects and then more 

subtle properties of the system is necessary. This implies 

that a model can not be developed by anal.ysIs along#  The process 
must consists of both the analysis and experimental work, each 
supplementary to each other,, By examing the difference between 
the postulated model and real system, the understood portion 
of the real system is, in effect#, subtracted out and attention 
then can be focused on more subtle properties of the system; 
Thus the models are used to provide a technique to gain more 
insight and understanding of system funotIons ,, 



2.4 Simulation  

Simulation is 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 problems by the obser 

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

Simulation Is heavily based upon computer science, mathe-

matics & statistics, Like all powerful tools which depend heavily 

upon art in their application Simulation Is capable of giving 

either very good or very be results, depending upon how it ~2~,1 

is - used, It is therefore necessary that the decisionmaker &. 

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

In substance, every mod l or representation of a thing 

is a form of simulation. Therefore, simulation is the process 

of designing a model of a real system and conducting experi-

ments, with this model for the purpose either of understanding 

the behaviour of the system or of evaluating various strategies 

for the operation of the system (15) - Thus the process of 

simulation includes both the construction of 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 accor-:- 
ing to the discipline In which they have their roots, simulation 

is applicable in all disciplines  Simulation received its original 

Impatus from the aerospace progranunes, but bven a casual 
survey of the literature indicates the broad field of present 

applications. For example simulation .ls used in business, 

economics #  marketing$  education, social science, transportation 

and many others 

Al. simulation are so.cal.led input-output models (4). 

Therefore, simulation models are 'run' rather then 'solved' 
in order to obtain the desired information or results. They are 

incapable of generating a solution on their own 10 the sense 
of analytical models, they can only serve as a tool for the 

analysis of the behaviour of the system under conditions spec.— 
I 	 tied. Thus simulation is not a theory but a methodology of 

problem solving. Furthermore, 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 a a 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 is 
not yet been developed. 

(c) It is desired to observe a simulated history of the 
process over a period of in addition to estimate certain 
parameters. 

The main drawback of simulation is that it gives specific 
solutions rather than general solutions.. it may be more time 

consuming and more costly to obtain the same sample size. Many 

simulation runs have to be made to understand the relationships 

involved in the system$  so the use of simulation in . a study 

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 adopt the 
simulation approach to almost every problem one encounters. 

Despite its lack of mathematioal sophistication and elegance, 

simulation is one of the most widely used quantitative techni- 
ques employed in management problem solving . 

COmDutexSirnulatj.OflOf Dyzamjc Model (  

Simulation Is a very general method of studying problems. 
Some of the steps involved In the progress of a simulation study 
are illustrated by flow-chart shown In Fig, „" 
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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 ecperimental nature 

of the simulation technique makes it essential to plan the 

study by deciding upon the major parameters to be varied)  the 
number of laws to be conducted, and the order in which runs 

are to be made. 

Given that a simulation is to be on a digital computer . 
a programme must be written. The validity of model must be 

established ,before begin±ng the major set of runs; This is an 

important step which requires good judgement, 

The study then moves into the stage of executing a 
series of runs according to the . study plan the study is not 
likely to rproceed in the orderly steps implied 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 make their sig- 
nificance clear and so lead to a reassessment of the model, 

In simulation more data and understanding of the 

problem are galnedp the validity of using simulation should 

be re-evaluated As large computers and large sample sizes 

6 

are so often involved, the cost of simulation is nearly always 
high compared with solving a analytical model. 
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Having discussed the topics of modelling & simulation 

• in general In previous chapter, this chapter Is devoted to 

study of demographic model, specially selected for study of 

population dynamic; In Indian context. 

3,1 Demogra 4c
_ 
Model M~+~IIyY 

To analyze the population characteristics for a certain 

span of time a discrete time age, model has been developed on 

following facts and ass pions . 

1. It has been assumed that population system is a closed 

system i.e. no person .is migrate to other countries 

and no foreigner is allowed to remain in India as its 

citizen, 

2. If the whole populations devided into different age 

groups say as 0-5v , 5-9 etc. (0-4 means children who 

have not completed 5 years & so on), . then it is . obvious 

that after a given span of 5 years, the population of 

any particular age group will be the population of its 

previous age group minus deaths in that group, 

3. In first age group .,e. Q«4 years, the population will 

be the children born durigg last 5 years, The population 

of this group will depend on survival of children, female 

population in different age groups and the: fertility. 
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4 	Mortality rates had decreased considerably in earlier 
decades after independence# 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, specially in intact 
mortality ratio, it is difficult to estimate the values 
of mortality coefficients in different years. So the 
mortality coefficients which are mentioned in the census 
1981 has been assumed to remain constant throughout the 
duration of our study 

5.: 	Only female populatipn, is being considered in the model# 

As the data available for population study are in a 
aroup of 5 years*  So it is not possible to study the population, 

pattern by a continuous model to simulate the population 

pattern discrete model is more appropriate. In this work a 

discrete time model is used to simulate the pattern. 

The bas c demographic model (3) in discrete time age 
horizon can be described as 

P(i+1 # 3+1) tt P(i, j) .- j.Ui ) ?(S. 3) 	 (3.1) 
Whe, 

P(i, j) = No. of persons in the age group (i 1) to 

its at the instant to +3h. 

Where, 

Itl C 	Mortality co.effiaient#  death perunit of person 
of age t, at the time interval 3, in the interval 

». I )ii to ih during h years.  
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For simplicity we assume that mortality coefficients do not 
depend on time 3. . 

NL(i j) v2L(j)  

Thee 3.1 has an initial condition 
as 	} 	U (3) 	(3.2)' 

for j = O, I.t  2 . - .. . 
Here U (i) is the number of persons born, during the period to 
+3h to 	+ (3+i)1  and surviving up to the end of this period.. 
The number of children born and surviving during interval hp is 
given by. 

s«fi. Ii, in.{, }?(i:j) 	(33) 
i1 

Where 

P£ ( , 3) is the female population,  of age i during 

time interval J 
m (i, 31) is fertility  ©f a woman of age I and at time 

interval 3. 
S =. survival ratio. during to +jh to to + ('3+1 )h 
6 = female or male population to total birth. 

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

Population model was simulated for different methods 
VS fertility control,#  For starting time instant#  the data were 

taken from Prelirn census estimates of India 1981. 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 

:,u population - 'by age group is shown in table I , In this 
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Table 

CENSUS DATA 4981 

Distribution of Pop lation by Age Groups 

AGE C 'tO P 	 POPULATION (in thousands) 

0-4 83 x751*  5-9 93,639 
i 0 i4 85,673 
15i9 64,087 
20.24 57,308 
25-29 50,747 
.30.36 42,442* 
35..39 38,895 
4044 340212 
45.49 29,250 
50-54 25,440 
5539 1 G i  4.4.1 

6&' 	 43',i7 

*Data Suapet. 
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table the population from 0-4 is suspected because it is 
Less than the population of age group 5.9, also there is a 
sharp decline in population level after 1014 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 04 years age group. if the population of this 
group is increased by a .S < <fiableE amount the pattern would be 
in conformity with previous data of expected values., 

In table 2 approximate female population in different age 
groups is mentioned* These data are derived from table 1. by 
considering female population as 	of the total population. 
In this work only female population has been taken into 
account instead of whole population.* This is not unreasonable 
as only error on this account would be because of a slightly 
different male to female ratios in different fertile age 
groups for which average value have been used, based on over-
all population 

Age specific mortality is tabulated in table 3 Mortality 
co-efficients of only female population are mentioned. These 
coefficients are taken from Indian statistical department and 
are assumed to remain constant for coming years. (ensue data 
for percentage of married, widowed or separated women are 
tabulated in table 4. The ,percentage of unmarried women. in 
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Age Spei2ie Mortality 1981 

AGE GROUP 	 .4ALE POPULATION 

0-4 0.0222800 
5-9 0.0020000 

10-14 00008500 
15-19 0.0012200 
20-24 0,0017500 
25-29 00017500 
30-34 0,0021200 
35-39 0.0024400 
4044 0,0024400 
4549 Q0034600 
50-54 040058100 
55-59 0,0071200 

Mortality -oeffjcients are taken from Indian Statistical 
Department. 

20 



Zable 4 
(Cens&zs Data 1i 1) 

(Percentage of Married, Widowed and divorced 'mules Population) 

Age 	Married 	Widowed 	lltvorced 	Unmarried 
Gra 

15-19 43,47 0.21 0.42 55,9  
20-24 8644 0.69 . 0,82 12 W05 
25-29 94.33 1050 0,88 3..29 
30-34 94.81 312 0.87 1,2 
35-39 93.7 5.42 0.77 0,64  
4044 87.81 10.86 0.78 0.55 

t rt lty sate 1981 censws ) 

AGE 	15.19  20-24 4 2..5-29_ 30-34 35-39 40-44 4549 
GROUP 

i3 "H/ 34 	192 256 208 	162 	90 	56 
women 



09 
G., '- 

different  age groups has been derived from these available 
data. Smooth curves are shown inig. 4 for ever married 
and married excluding widowed and divorced women* 

3.2 Choice gf tetUtr 

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. 

.) 	Ex aonential. Reca r:  in this model fertility decays 
from an initial value at m. rate proportional to the current 
values, The change in level of pattern may be expressed byC3(4 ) 

in (J  i)=e-0U m (i, 0) 	•  

Here we will assume the pattern of fertility will not vary 
with time but the level may be increased or decreased as 
a whole*  in above relationship m(. ,j) is the fertility of 
age group I at time interval J and m(, O) is initial fertility 
of that group, o( Is arbitrary control factor* The characteris«» 
tics of the model is that the level h(f,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 factor 0,37. 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 3 for different models measures the relative times 

they will take to decay by a given fraction. As the value of oC 
goes on Increasing the value of m (i,, j) will decrease fastly 

in future time interval. 

in practice a lower bo t)& on fertility levels will also 
have to be used. Further the rate of decrease cannot exceed 
an upper limit which depends on the efforts as well as the 
social norms. The maximum rate of decay of fertility should 

be chosen properly with lower minimum boun4s on fertility to 
obtain results of practical use 

Zable 5  deals with the fertility pattern in different age 

groups. These data have been taken from census Of lndian-99Bi. 
This pattern is represented by a histogram in fig. 57, Based 
on the age fertility, Marital fertility has been derived in 
table 6 for different age groups 

(ii) ,l ini zum !tea  'of 	is e: The minimum age of marriage 

plays an important role in fertility control specially in the 
initial fertile age group&  If the min mum age of marriage Is 

.increased, the fertility in that age group will certainly be 
decreased4 To find out the effect of minimum age of marriage 
on fertility the model (4) 1 •=- 	is used#  The expression 
for age specific marriage rate as proposed by M C. Nail. (3) is 

g(a) = e 	a0 	 (a_a _-6 -06 K) 

This relation gives rate of marriage In different age group. 
in this relation a0  is the minimum age of marriage, a Is the age 
at which marriage takes place, K is the moment at whIch marriage 
takes place, e & c is proportionality constant# 
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Proportion of population marrying up to age a is given by  

G(a) 	a  g(x) dx 	 (3.6) 
a0  

To match the percentage of married women in different 
age group, with the preliminary census estimation; 1981, It was 
necessary to find a suitable value of IL It was found that 0± 

K = 0. 44, the marriage pattern would be in conformity with 
that of Census data*  The age specific fertility t(a) of a 
particular age group Is given by 

f(a) = G(a))( 7'(a) 	 (3.7) 
Where ha) is a marital fertility  of female of age a 

Using this relationship marital fertility has been 
calculated for different age groups from census data 1981. Which  
has been shown in table 6. Then using these values of marital 
fertility and the calculated percentage of ever married women 
have been used to find the age specific fertility for different 
age groups. Using these values of age-specifio fertlityy 
effect of minimum age of marriage on population pattern has 
been simulated*  

The effect of Cbangein minimum age of marriage can be 
studies In two ways 

1, 	Step change In the mintmum age of marriage and then 
compute the proportion of- population marrying In different age 
groups, In this work step change of 17.0 yrs. and 19.0 yrs 
has been made and the percentage of population marrying in 
different age groups is computed, 

change in minimum age- of marriage taking place over 
a period of time*  Here change in minimum age of marriage has 



(?4arita3. and Age Specific Fertility of Female 
of different age group) 

Age specific air , 	l Fertility 
Group  F(a)  G(a)  ?^ (a)  

15-19 0.17 43,47 01391 
20-24 0.96 86.44 1.11 
25.29 1,28 94.33 1,35 
30-34 1,04 94.81 1.09  
35-39 - 0.81 93,17 0.86 
4044 0.45 87.81 0.51 
45-.49 0,,28 82.93 0.33 

2? 

0 

0 
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been taken into consideration during the period ' "1981 to 1991 
from 15,5 yrs. to 19.0 years Into two steps . i. e i • in 1981 it 
is 15.5 yrs. in 1986 it Is 17.0 yrs , and in 1991 it is 19.0 yrs, 
After 1991 the minimum age of marriage has been assumed to 
emain at 19.0 years for the rest of the periods 

Ixi this thesis work the population changes in different 
age groups and different time interval are computed for above 
two conditions* 

(i ..) F'amil PlennLn Efforts a indla is the first developing 
country which recognized population control as one of the 
gradients to accelerate development,, set out to reduce the 
birth rate through an official family planning programme, 
lnspite of encouragement given by the government 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 al]. age groups are not realistic. The 
change . in at minimum age of marriage has effect in initial 
age groups vrher.e as the family planning in later age groups. 

The pattern which determines the effect of family 
• family planning on fertility pattern oars, be given by (4) 
for 1=4  10 m(. J+1) = m(y) 	

m(3) (1. es-a►~cz-d~) 	(3.8) 
j ='p* Is 2 

Earlier work reported has suggest the value of para-
meter ak to be approx. 0#32649 for Indian case (4). The same 



value has been adopted here. The initial value of am i.e. 
am(0) is taken as 0.1. The value of am(0) are chosen to match 
the , family planning, The value of m(i, j) for j=O has - been 
taken from the census o -19$i.. 

Family planning has been studied into two ways. 

Step change in family planning efforts as Q 1, 0.20  
0.1+ and then compute the population in different age 
groups, 

2, 	Change in family planning efforts ' for s i `erent time 
intervai#  n this ease the efforts has been increased 

r'om, 0.,1 a5 0.5. in 25 yaks, and then. its value remains 
0.5 for the rest period. 
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SIMULATION RESULTS ~II~~MWI~~n fl~ini rlOY1~1~Ml~~~witl~~~~ 

In previous chapter$ demographic model and choice of 

fertilityy 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 population 

distribution upto year 2041, have been simulated.:. To use the. 

input data with . the modification, the time interval of each 

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 in which. 

no change in birth rate have been assume, The age distribution 

clearly shows that in later years t older 	Also. 

in year 1981 and 2001) the older population has a handsome 

oontr .butjon. in total population, The population .ation levels are 
exceedingly high. 

The pattern of population upto 2041 Is simulated under 

the different ways of controlling fertilIty fertility pattern. Results 

have been obtained for the cliff event situations outlines in 

the previous chapter. 

4.1 	POnenti 1 Deca(Arbitrary Control)  

Effect of different values of arbitrary control efforts 

Is tabulated in table 8 and the trajector/es have been shown 

in fig  I. It Is clear from the trajeet bri?►S and tables that 

by increasing the value of control efforts$ the population 



able 

(Age distribution of female population)  
with no control 

.Age 	% of total female population 
Group' 9al 	2001 	2041 

o - 4 147" 14.7 13,48 
5 	9 13,7 11,3 1019 
10-14 12.. 945 9.6 
15-19 9.4 8.3 8.*6 
20-24 a.4 8„0 7.6 
25-29 7.4 8.4  
30-34 6.2 . 	106 6.35 
35-39 5.7 5.7 5.8 
4Qa44 5,0 500 
45-49 4.3 4,5 4,5 
5-54 3.73 .7 . 3 • 	. 

55-59 2.4 3,3 3,25 
60 6.34. 90 9 1385 

tI 

U 
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8. 

Ette s of Arbitrary Control ferts on Population 

Control POPULATION (IN NILLIONS)  
Effort 1981 1991 2001 2011 2021 2031 2041 

0.00 320 405 517 64.E 793 978 1206 

0,0  41 320 398 488 578 662  741 809 

0.016 320 393 473 545 602 644 667 

0.020 320 391 464 525 568 593 605 

0..023 320 387 452 502 531 550 555 

9 



n ,r 
p ~~ 1„n 



decreases more rap .delyo Trajectory 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 
fertL :ity would be reduced by 9,5% of its present value, It 
we want to further decrease the value of fertility pattern 
then the value Of of should be increased# For example it we 
consider the value of o( as 0.02 then the fertility pattern 
would be reduced by 18.2% after every 'decade 

4.2 	4 .z„ .mwm e of 	. arr wM■ 	`4r rw~r 	~~r rr ~ r~..r+iiA. ~~rwriw 

This factor plays an important role »n controlling  
fertility* Percentage of married  marrIed women In different age groups 

for different minimum age of marriage are shown Lu table 9 

By increasing the minimum age of marriage the percentage of 

female population in initial fecund group goes on decreasing*. 

Which naturally effects the population In coming years. 

in table 10 this effect is clearly shown upto year 

2041 The another effect of varying the minimum age of marriage 

from 15,5 to 19 years upto year 1991 and after that it will 

remain constant at 19 years for the rest duration is also 
mentioned in the same table` 

4.3 	Paily Plapirg E rta 

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 terms Population upto 2041 has been shown for different 

values of family planning efforts in table Ii. The table 

clearly 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 Is also shown in the table., 

f12] 
.A complete tablesbcwing the population level under 

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

4.4 	a .r l 'aa-  

Population of initial age group i.e. 0.4 years has 
been simulated for different -types of fertility controls. 
Fig. Ii) represents the birth rate for arbitrary control. The 
curves are not smooth in nature, the reason for this is the 
data available or age group 0-4 Is suspect and also there 
is a sharp difference in population of age group 10.i4 
1519 which also  seems erroneous!  There is, thus, a need for 
proper modification of this data, However, these errors are 
not having significant . effect on over all rates of population 
growth for a long period of time. 
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bie 12 

CONTROL CONTROL POPULATION LEVEL (MILLION) 
STRATEGY EFFORT 200 1 r221 ?(4' 

• Arbitrary 0,00 1078,2 1651.7 2500 
Control 0.01 1017.5 .5 1318.3 1685,8 

• 0,02 965„8 1183,3 1239.8 
0„025 942.5 1106..6 1156.9 

Min r'r ur 13.5 1079.2 1658.3 ; 2518,8 
Age 4 17.0  1050 1571.9 2310,4 
r1arriage 19,0 1022*9 1494,4.. 2129,2 

Mitt Age 
Increasing 
from 15,5 1O41.7 150 2181,,3 
to 19 	.z 	10 
years 

Family 0.1 1037,3 1423 1770 
Planning 0.2  10 44,.2 126 8,8. 1367.5 

fJoYts 0,4 952,1 1075 1014,6 
0.5 931,,3 1012:.5 914.6 

Family 	larrir~ qf o 75 
increased 
for 0.1 to 1014,6 1198 1166,7 
005 It 25 
years 
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c N c t R 	c 

On the basks 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 populationn level, If we consider the bearing 
capacity of land to be about 1250 -o 1300 million, then our 
aim would be to keep the population level with in this level 
n, coming years 

From the results of simulation some conclusion can 
be dran, about the effect of 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 'ertiii yw  pattern,, if 
the value of of 150.O'1 then pattern will decrease by 
9.5% per decade* For acquliring a level -ot 1250 , 1300 
million the table shows that the value of o< should. 
be 0.02 i.e. the rate of decrease of pattern would be. 
18.3% per decade, 

By varying the minimum age of marriage,, on the basis 
of results mentioned In table 1-0, It can be concluded 
that this actor 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 



5 

3, 	Family planning efforts really have cond dereble 
effect on population growth In long duration* It's 
effect in initial time Interval is not much, A obse 
ration of table 1' confirms this canclusIon. It can 
be concluded# also that to control the population 
le?el, emphasize must be given on family planning  efforts. 
c obtain the desired level of population ' uptc bearing 

, cpaclty of land, the table shows that the family 
planning efforts with a intensity of 0.2 should be used. 

Suggeatjahs& ärther BcoDeSc 	of. Cork 

In this eats due to lack of data available the mortality 
coefficients have been assumed to remain constant thr o hout 

r 	actual ease$ the mortality coeffi- the period t~~` study but in 
cients would . be decreased with time.. So these coefficients 
must . be estimated tot' different pars to find out the _ actual 
population .eve 

In this work the tamale population has been derived 
from total pop llat on by . assumIng the women rationas 48% 
of the total population for all age groups.*, In actual case. 
the women ratio , would be different  for different •age * oups 
Sri f , the actual age distrIbuition of female population cauld 
be available then results, can be more accurate.. . 

A s=ru y can be ,very .aggregated by considering zone 
wise population,, A Zone must have almost same geographic 
conditions and same level of living. Then results obtained 
can be, more accurate. 



One interesting study could be to consider the 
population of the status with very different level f 
education as in Bihar & Kerala (in Ind .a) then certainly. 
some Interesting results would be obtained to show the 
utility of education in keeping .  the population level to 
a certain limit. 
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