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ABSTRACT

Almost all the developing countries are facing the
problem of population growth, The population growth
rate is so high that it demands the systematic study
of the problem and needs to control the population so
that every individual should be brought above the
poverty limit line, Llor developing countries, though
this is an impossible task to have sudden control over
population growth, these countries are required to plan
the long-term population policy,

O0f all the countries, India is the one in which
it is difficult to predict about the population growth
since there are several religions, environmental
disparities, a wide variation in earnings and education
different castes and so on, Perhaps every state in India
has to be treated separately and different strategies
will be required to develop the mathematical models.
In the present work the most forward state in India
i.e, Maharashtra is considered for the population growth
study and different mathematical models are put-forth
with différent strategies, '

Solution to these mathematical models is obtained
on computer treating this to be a mathematical
programming problem., Effect of different variables to
control the populsation growth is studied in detail,
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CHAPTER ONE

THE SPOTLIGHT ON THE
POPULATION OF MAHARASHTRA

"ees.oto my mind no other factor - not even that

of peace and war - is tootremendously fatal for
the long- time distinies of democracies as the

factor of population."

- Gunnar Myrdal



l.1 THE POPULATION PROBLEM:

Pbpulation explosion in terms of available
resources is a world wide problem today, All the
planned efforts for economic developments are mullified
by the rapid increase in numbers. Thomus R. Malthus was
the pioneer in drawing the attention of the public to
a rapidly growing population in relation to production
of foodstuffs in 1824.12) It is the high growth rate
of population which is demanding the attention of
enlightened public, organisations - national as well as
international and national Governments. By the turn of

century i.e, 2000 A,D,, world population is expected

to double itself and reach gigantic figure of 6000
millions,

India is no exception to this general trend. The
population of India touched the 686 million mark in
1981(2) and is currently growing at the rate of nearly
1.1 million persons per month. About 20 million babies
are born each year and about 7 million persons die,
bringing about a net annual increase in population of
13 million,only a little less than the population of
Australia, The accelerating rise of population growth
in India has been realised as an obstable to social and
economic developments of the country. The increase is
contributed by the fast decline in the death rate and
- the almost stationary level of birth rate. Lxperience

in western countries showed that there was a time-lag of



about seventy years between decline in death rates
and birth rates and it took fifgy to sixty years for
birth rates to balance death rates, even when the

decline in birth rates had set in (7).

1.2 ZERO POPULATION GROWTH: _

Zero population growth as an urgent goal has
caught the public by storm and included in that
public, are many biologists, economists, socialogists
and demographers.,

Zero population represents the state when the
rate of growth of a closed population is zero i.e. the
rise due to new birth is balanced by the deaths. Zero
population growth is then not only simply = gdestreple —
goal, but also the only viable situation in a finite
world, |

Some say the problem will fake care of itself
as it has in industrial nations with increasing
education, greater rights for women and economic
growth, However, this approach has had few tangible
results sincé independence, mainly because India does
not have the resources necessary for these programmes
to reach the entire country, Also, the écono@ic boom
. in advanced countries occured when their populations
were still relatively small.(3). |

The Indian economy heavily rests on subsistence
agriculture and other extractive industries. Per-capita

income and literacy rates are very low. The




population levels are already too large for
reduction of poverty on the basis of traditional
subsistence agriculture., The only hope of
achieving reasonable capita income, literacy rate
and health lies in the modernisation of economy
which requires heavy investment in production,
equipments, transport, education and health, But
zero population grown has a meaningful proposal

in the immediate future,

1.3  NECESSITY OF STATE-WISE STUDY OF POPULATION
~ BROWTH:

In India, it is very difficult to predict
about the population growth since‘there are
several religions, environmental disparities, a
wide variation in earnings and education,
different castes and so on. Perhaps, every state
of India has its own specific characteristics,
Every state differs from the other in various
manners, India is called as a land of varieties,
The soil and climatic conditions in India favour
the cultivation of different crops such as wheat
in ndrth, sugarcane in north and south, rice in
the east and all along the peninsula's coastal’
strip, Jute and tea in north-east, cotton in the

west, spices and coffee in south and so on.



Within the states population density varies
over a wide range. 7The average density of India
was 216 per square Km in 1981, Kerala and West Bengal
had a density above 600 and another three states,
Bihar, Tamil Nadu and Uttar Pradesh, above 350
persons per square Km.

The census of India revealed 188 languages and
49 dialects,.(2)

Kerala has high literacy rates, Birth rates
and death rates are well below the all India average,
Maharashtra and Punjab both have high per capita
incomes, both being the ‘richest' of Indian states.
The Maharashtra has a more urban nature than Punjab,
being. the most urbanised of Indian states, Its level
of literacy is considerably higher than Punjab.,
Uttar Pradesh and Orissa are the two of our poorest
states, both essentially rural in nature,

Uttar Pradesh has much more density populated and
has a lower level of literacy; but has a higher per
capita income, Orissa has birth and death rates
comparable to all India average while Uttar Pradesh
has the highest birth and death rates, A very
interesting feature emerges when we contrast U.P.
with Kerala, Kerala is even more density populated
than Uttar Pradesh, but has strikingly high literacy
rate and lower birth and death rates, Kerala has

also a higher per capita income. (9).



Therefore, it is necessary to look at the
different states individually and from the national
population policy in the light of inter-state
differences revealed by such a study. It‘is true
that the need for population control is apparent
in all the states but the pressures vary, the rates
of growth are different, causes and effects have
different over-tones and it is not possible to
Jump all the states tbogether and treat them as an
unmixed problem. Programmes, priorities and policies
have to be fitted to the regional and state

requirements. (12)

Setting up of a specific positive goal is
an effective pre-requisite in the fixation of
annual targets to be achieved by the states, Up until
this new policy, the states were asked to adhere to
an invariable uniform target irrespective of the
widely disparate conditions present in different
parts of India.(lu) Setting up of realisable targets
must, therefore, take into account several factors,
Some of thesé factors impunging on the goal are:

1)Total area of state,

2)Total population,

3)Fertility and Mortality rates,

4)Literacy level,

5)Social customs, traditions, religious
barriers, etc,



6)Communication facilities,

7)Service facilities such as hospitals,
dispensaries, primary health centers,
medical staff,

8)Special features i.e, large hill areas,
industrialisation, urbanisation,

9)Religion wise break up of population,
10)Past performance of Family Planning.,
11)General resources,

12)Administration,

In the present work, the most forward state
in India i.e, Maharashtra is considered for the

population growth study with different strategies.

1.4 THE STATE OF MAHARASHTRA:

The State of Maharashtra came into being en
1 May, 1960 as a result of the bifurcation of the
composite Bombay State which had been created in
1956 by combining the old Bombay State with Saurashtfa
and Kutch, the Vidarbha region from o0ld Madhya Pradesh
and Marathwada from Hyderabad., But the pressure of
subsequent events forced the composite state to be
divided into two separate entitles on a linguistic

basis.(lh)

1.4.1 PHYSICAL FEATURES:

The territorial limits of Maharashtra are
aefined by the Arabian Sea to the West, the State of
Gujarat to the North-West, Madhya Pradesh to the
North, Karnataka and Andhra Pradesh to the South and
East,



1.4,2 POPULATION:

In 1981, the territories of fhe new State,
covering about 1,91,353 square kilometers had
population of 60 millions, Both in terms of population
and area, it is the third largest state in the Indian
Union. The average density being 269 persons per
square Kilometer is lower than the country as a whole
373 persons per square kilometer. Except the coastal
districts and the districts Bhandama and Jalgaon where
the conditions have been more favourable to
agriculture and the more urbanised districts such
as Poona, Sholapur, Nagpur, the rest of the State is

rather sparsely populated,

l1.4.3 REGIONAL DISPARITIES:

Nearly two-thirds of population derives its
livelihdod from égriculture and allied activities,
There contribution to state income is estimated
roughly 33% of the total, Productivity levels are
poor by Indian standards, Owing to inferior crop
pattern and low yields of the major crops - both of
which are attributable to the deficiencies in the
climatic and soil conditions in State - the average
output per acre was only two thirds of all India level,

The overall comparisons, are rather deceptive,

as they hide the fact that the favourable position



of the State in respect of per capita output and

the rate of saving is, in very large measures,

due to the developments that have taken place in
Bombay-Poona belt and its immediate vicinity. This
small area has about 9 per cent of the State's
population and nearly 40 per cent of its
non-agricultural output. If Bombay is excluded
from the comparisons, the rest of the State seems

to be as backward as other parts of country, In
fact, except Thana, Poona, Sholapur and Nagpur which
are relatively high up in the scale of urbanisation
and industrial development, the per capita output
ofrmost other districts is lower than the average
for the state. Ratnagiri, Satara, Sangli,
Chandrapur, Kolaba and Marathwada districts are
specially poor., They have a very low level of
urbanisation and none of them have much industrial
activity. 7The per capita net output in these
districts is determined primarily by the productivity
of land and the density of population. In Ratnagiri,
though the per acre output is quite high, the high
density of population depresses the per capita
incomes; while in Satara and Marathwada districts,
favourable land rates is offset by the extremely

low productivity of land.
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1.5. FAMILY WELFARE PLANNING APPROACH:

The family is a basic social unit, The
individual is born, grows up and is matured,
educated and socialised in it. An individual's
attitude, views, behaviour and actions are,
therefore, conditioned by those of the other
members of family, The family as a unit, has
definate influence over actions of every member
and vice=versa, Taking cognizance of the
implications of interdependance and inter-action

between individuals and_family, family planning
programme has to take family as a unit and
endeavour to motivate it, along with the
individual and couple for the purpose‘<16)

Individuals and families live iq communities,
big or small, The smaller the community, the
treater the face-to-face relations and the higher
the homogeneity in it, the greater is its influence
on individuals and families,

Family planning programme, taking family
as a basic unit, is a very comprehensive programme,
It refers to a wide variety of measures adopted
towards enabling the family to grow strong and
become eflective as a primary and vital unit of

society from the social, economic and cultural
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points of view, Prevention of conception or
birth control, which aims at the avoidance of
unwanted children, large-sized families and
ill~health of mother caused by frequent and large
number of pregnancies, is one of the several
measures for promoting family welfare. In our
family planning programme, birth control is given
overwhelming emphasis as this is more in keeping
with our immediate goal, viz, bringing down

substantially the rate of increase in our population,

The problem of stabilising population
growth was regarded as one of priority from the
beginning of the First Five Year Plan in India.
The plan stresses the need for stabilising popula=-
tion so that all the developmental attempts would
directly improve the level of living of pébple.

A strong impetus should be given to the family
planning movement and successive Five Year Plans
have allocated more and more funds to strengthen
the movement.

In the First Plan in 1951, 21 rural and
126 urban family planning clinics were opened.,

In 1956, after limited progress under First Pjan,
the central family planning board was set up and
State Family Planning Committees were gradually
appointed in each state.(g)

<
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In the Second Plan (1957-62) over 1030 rural
and 400 urban family planning clinics were established.
Sterilisation was just beginning and in this period
1,22,000 men and women under went operations,

In the successive plans government offered
100 per cent financial assistance to State Governments
for training, staff and facilities for sterilisation.
Directive measures to reach a birth rate of 25 per
thousand by 1984 included raising the legal minimum
age at marriage to eighteen for females and twenty one
for males; introducing 'population values' in the
educational system; drawing all government departments
in to 'motivating oficitizens to adopt responsible
reproductive behaviour', increasing the monetary
incentives for sterilisation, offering group
incentives to Zilla and Panchayat Samities, teacher,
co-operativesj labour in the organised sector and so
on. |

However, much is to be done in this field,
more pronouncely in the rural séctor of the population
where family sizes are still large,

In this work, Chapter 2 deals with the
modelling part for the population projections. The
terms Demography, Mortality and fertility have been
explained and studied for the Maharashtra State. The

choice of fertility control efforts have been made.



The analysis of data comes in chapter 3. The
criteria for selecting typical regions of Maharashtra
for population projections are enunciated. The
errors in census data have been focussed and the
method for modification of census data in proper
form has been developed, <he introduction of decline

in future child mortality is presented with the

desirability of such measure also has being explained,

The simulation results of the population
model for Maharashtra and its selected four regions
and Rural Maharashtra are presented in chapter &4
for arbitrary control efforts for fertility and also
family planning efforts. The results are given for
both cases: assuming constant mortality rates and

also 1for the case of declining child mortality rates,

The whole work is summed up in concluding

chapter 5e

13



CHAPTER TWO

THE POPULATION MODEL

Listen with the ear of your imagination to the
little voices of children who will be born in
the fugure. They are saying =

" tHave you places forus?
Have you food for us?
Have you education for us?
Have you love for us? You called us l' "

- BElise Offesen Jensen

14



2.1 SYSTEM MODELLING: (7)

To study a system, it is sometimes possible
to experiment with the system itself. The objéctive
of many system studies, however, it to predict how
'a system will perform before it is built. Clearly,
it is not feasible to experiment with a system while
it is in this hypothetical form. An alternative
that is sometimes used is to construct a number of
prototypes and test them, but this can be very
expensive and time-consuming. Consequently, system.
studies are generally conducted with a model of the
system. Model is not only a substitute for a system,
But also a simplification of the system. |

A model is_the body of information about a
system gathered for the purpose of studying the
system. In the case of a phgsical model, the
information is embodied in the properties of the
model in contrast to the symbolic representation in
a mathematical model. Since the purpose of the
study will determine the nature of the information
that is gathered, there is no unique model of a
system, Different models of the same system will
be produced by different analysts interested in
different aspects of the system or by the same

analyst as his understanding of the system changes,
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The simulation is the process of designing a
model of a real system and conducting experiments with
this model for the purpose either of understanding
the behaviour of the system or of evaluating various
strategies for the operation of system. Thus the
process of simulation includes both the construction
of model and the analytical use of the model for
studying a problem,

The simulation modelling is, therefore, an
experimental, and applied methodology which seeks to:
1, dexcribe the behaviour of system,

2. construct theories or hypothesis that account
for the observed behaviour,

3. use these theories to pfedict future behaviour,
that is, the effects that will be produced by
changes in the system or in its method of
operation,

A good computer model is one which satisfies
three criteria to be useful in education and
reséarch.(IB) |
1. It must agree structurally with the actual

system but must be modest in size,

2, It's parameter must be estimable,
3. It must fit the computer simulation
capabilities,

For an engineer the introduction of model provides

link between descriptive and experimental data,
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- Before formulating the model used in this
work, it shall be prudent to examine demography,

mortality and fertility in the Indian context.

262 DEMOGRAPHY: The Science of Population.

Demography is a science which deals with
human populations., Demography is the scientific
study of humen populations, primarily with respect
to their size, their structure and their develop-
ment.(a)

During a period as short as one year, the
number of birghs, deaths, arrivals and departures
is small compared to the total size of population,
which may appear as an almost unvarying wh&ie,
where motion but not change takes place. There is
no doubt, however, that the population is also the
result of these movements, since each oﬁe of its
members has been born and will die, In whatever
way the situation is envisaged, it is certain that
there are numerical relationships between the
aggregate of inhavitants in a territory at a given
moment, and the events births, deaths, arrivals,
departures - which make up population change, The
study of these relationships is likewise part and
parcel of demography. |
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Birth, marriage and death are ordinary wards
designating everyday events that happen to each one
of us, Fertility for births, nuptiality for marriages
and mortality for deaths are the processé&s or
phenomena that are the real object of our study. Not
all the figures provided by observations are usable
as such. In most cases one must subject them to
detailed analysis in order to interpret them correctly.
The analysis can be extended effectively by the use
of models, since these shed light on the interaction
of phgnomena under well defined circumstances and

facilitate the search for casual relationships.

2.3 MORTALITY: (8)

Death is a principal %"vital event" for which
vital statistics are collected and computed; The
definition of a 'death' excludés deaths prior to
(live) birth, These are so called foetal deaths.
There is a great number of measures of mortality based
on death statistics, The simplest and commonesf
measure of mortality is the crude death rate, The
crude death rate is defined as the number of deaths
in a year per 1000 of the mid-year population, The
principal characteristics of a "cruded rate is that

all ages are represented in it.
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The crude death rate gives only a very general
indication of the level of mortality and its chénges.
There is also need for measures that describe the
specific components of the overall number of deaths
and the crude rate, Various type of specific death
ratios and rates are of interest both in themselvds
and for their value in the analysis of total number
of deaths and the crude rate, Age is also important
variable in the analysis of mortality. The age~-specific
death rate is defined conventionally as the number
of deaths of persons of a given age during a year
per 1000 of the mid year population at that age. Age
Specific death rates are usually computed for 5 or 10
year age groups.

India had than in developed countries a very
high death rate till the first quarter of this
century, Bven now the death rates are much higher.

As compared with India, Maharashtra state has a
slightly less figure of the mortality rates, There
has been a decline of about 50 per cent in the death
rate during the 30 years period from 1951-1981. The
death rate in Maharashtra in 1951 was around 18,1
per cent which came down to around 13 per cent in
1971 and stands at 8.3 per cent in 1981, The crude

death rates for the five regions of Maharashtra were:



20

Aurangabad Division 11.8, Nagpur Division 10,0,
Western Maharashtra 8.6, other urban 6.4 and Greater

Bombay 5.4, (10)

The rate of natural increase is the difference
between birth and death rates. The differentials in
the natural increase rate tend to be evened out since
a high (low) birth rate goes together with a high (low)
death rate. The percentage of natural increase rate
was somewhat higher in rural regions, 2,2 in Aurangabad
Division, 2.3 in Nagpur Division and 2,0 in Western
Maharashtra, compared to the urban zones, 1.8 in other
urban areas and 1,9 in Greater Bombay., The rate of
natural increase for Maharashtra state was 2,02 per cent
during April 1979 to March 1980,

For males and females the age specific
mortality rates (ASMR), follow the typical J-shaped
curve, with a sharp decline from childhood to adult
ages, a gradual increase over adult ages and finally
a sharp increase in old age, Urban rates are |
generally lower than the rural rates. The unweighted
crude death rate for males was 8.8 for rural areas,
8.0 for urban areas and 8.5 for Maharashtra, The
crude death rate for female in rural areas was 8,2
and in Maharashtra 7.3. However, the crude death rate

for urban females was unusually low, only 5,5 compared
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to 8,0 for urban males. It is suspected that female
deaths might be under-reported to a greater extent

than male deaths, especially in urban areas. (10)

Infant mortality rate (probability of death
in first year of life) is considered to be a fairly

sensitive index of the health condition of country.

2.4 FERTILITY:

The simplext and the commonest measure of
fertility is the crude-birth rate, It is defined as
the number of births in a year per 1,000 of the
mid-year population, It again gives only a very
general indication of fertility. Age-specific
fertility rate is much more informative, It is
defined as the number of birghs in a year per 1000
of the mid-year population of females of a specific
age, These rates are calculated usually in 5 years
age groups. (8)

Fertility rates in India are comparatively
higher than in developed countries but relatively
lower than that of other developing countries, the
reasons being universality of marriage, lower age
at ﬁarriage, limited use of contraceptives, low level
of literacy, poor level of living and traditional

way of life in rural areas,
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In the state as a whole, the crude birth
rate for advanced caste Hindus was 26,1, for
intermediate caste Hindus 28.6, for scheduled castes
and Tribes and backward Hindus 31.4 and for Muslims
34,1, In urban Maharashtra, the birth rates for
these four groups were 21.6, 26,0, 23,3 and 32.8
respectively, whereas in rural Maharashtra these
rates for four groups were 29,2, 29.4, 33.4 and
35.9 respectively. Thus the rural birth rate for
each community is higher than its urban rate, (10)
It is affected both by the biological and environmental
conditions, Though it is difficult to control the
biological causes of infant deaths, the environmental
causes, like nutrition and pre-natal care, sanitary
conditions, control of diseases to which infants are
highly prone, etc, can be controlled and this reflects
the health measures undertaken byhthe community,
government and other agencies,

The infant mortality rate in Maharashtra is
still high eventhough it has declined by nearly
50 per cent during last 40 years. The infant mortality
rates for males and females were 117,and 115 respect-
iiely in 1951-61 and it has came down to 71 and 75
in 1980-85, (10)
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fthe age of the mothers, order of birth, time
interval between births, etc., also play significant
role in determining the level of infant mortality.
The shape of the curve of the infant deaths by age of
the mother is U-shaped, i.e. it is high when the
mother is young, that is, below age 20, fall gradually
to @ minimum between ages 25-30 and rises again,
showly in the beginning and more steeper thereafter,
Similar is the case when birth orders are considered.
It has also been found that the time interval between
births at almost all ages of mother and also the

order of births affect the size of the infant deaths,

Muslims had high fertility rates in both rural
and urban areas, Schedule Castes and Tribds and
backward Hindus had a high fertility rate in rural
areas. S50, the compositiop of the population by

communities had an effect on the birth rate,

2.5 THE BASIC DEMOGRAPHIC MODEL:

A demographic model of population projections,
specially for study of population dynamics in
Maharashira State has been developed. (9)

Population projections means the extrapolations
of present demographic data, It does not consider a
natural disaster, war, famine, mass migration because
there are not predictable, A distinction should be made

between projections and forecasts. When most likely
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population at a given date is described, then it is a
forecast. But if a model is worked out to illustrate
certain analytical relationships and on some
assumption, then it is nothing but the projections of
popﬁlation. Population projections are prepared for
total population of nations, their principal geographic

subdivisions, specific locations in them,

The principal uses of population projections
relate to government or private planning. In
developing countries, it is useful to have a specific
goal of public policy related to accelerating their
social and economic development. A first step in
planning is to study relevant aspects of the population
and economy both at the present time and in the recent
past.

The population characteristics for a certain
span of time have been analysed by a discrete time age
model based on following facts and assumptions and

which has been used by othersi in similar studies,

l. It is assumed that the population system is
a closed system. The migration to other states and
from other states into Maharashtra is considered
negligible,

2, The whole population is divided into

different age groups as O=4, 5-9, 10-14 and so on.
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The last age group is of people aged 60 and above,

It is obﬁious that after a given span of 5 years,

the population of any age group shall be the population
of 1ts previous age group minus the deaths in that
groups, except the first and last age groups., The
population of the age group of people aged 60 and
above after five years will be that of its previous

age group minus deaths in that geoup, added to the
population of this very group minus the deaths in the
group., |

3. In the first age group i.e. O-L years,
the population will be of the children born during
last 5 years. The population of this group will depend
on survival of children, female population in
different age groups and their fertility,

L4, Mortality rates have declined con&iderably
in the earlier decade after independence, The decline
has slowed down after 1961, ©So, mortality coefficient
are assumed to be constant through out the duration of
our study. A decline in infant mortality rates of
first age group has also been introduced,

5. Only female population is_ponsidered in
the model. The total population cén be determined by

assuming a suitable male-female ratio.
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Double subscripted system is used in the
model,

P(i,Jj) is the population of e age group
is jth year, |

‘h' is the basic time interval in 'i' as
well as 'j' - taken for convenience.,

AMU(I) is mortality coefficient, death per
unit person (female) at the time interval
'3 and in ith year,

ti' =1, 2, 3 ceee 13

'yt =1, 2, 3 cooe 13

P(i+1, J +1) = P(I,J) - AMU(I) x P(I,J) =~ 2.1

The equation 2,1 has an initial condition as -

P(I,J +1) = U(J)

For, J = 1,2, ... 13

Here U(I) is the number of children (females)
born during the period 'Jj' and surviving upto end of
this period,

The number of children born and surviving

during interval 'h' is given by:
N

-—
=

U(J) = S.f.h. B(1,J) P(1,J)

B(I,J) is the fertility of a women of age ‘I
and at time interval 'j!

S = Survival ratio during + J h to (j+1)h
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F = Female proportion of total birth.

S is taken to be equal to 0,94 and F as 0,48

in this work,

A computer programme to calculate population
of different age groups has been developed on the
basis of above algouthim,

The population model has been simulated for

different methods of fertility control,

2.6  FERTILITY CONTROL EFFORTS:

The fertility pattern is the important factor
which governs the population growth. It describes
‘the age specific fertility of women. So, to control
over population, it is necessary to control the

fertility by different control efforts,

2,6.1 EXPONENTIAL DECAY:

In this model fertility decays from an initial
value at a rate proportional to the current values,
The change in the fertility pattern may be expreésed
ass:

X(1) = B(1) eI oo 2.4

X(I) is the fertility of age group 'i' at time
interval 'J' and B(I) is initial age specific fertility
rate of that group, 'r' is the arbitrary control
factor, The charactdristic of model is that the

level B(I) is divided by a constant factor after a



29

given interval of time. An increase in value of 'r!
méans a sharper decrease in the value of X(I) with
time. In practice, a lower bound on fertility rates
also has to be used. The rate of decrease can not
exceed an upper limit which depends on the efforts
as well as the social norms, In Maharashtra, the
percentage of birth due to fifst two children was
about 37 per cent in 1971 so it is reasonable to
expect that the fertility should be reduced with

37 per cent of initial value as the lower bound,

2.6.,2 FAMILY PLANNING EFFORTS:

The simple model with uniform decay in fertility
is not realis tic. It would be more accurate to assume
that married couples want atleast a certain number
of children. As long as the couples don't have the
2 or 3 children, they want, their fertility shall be
roughly the same as that in the natural trend. The
birth control efiorts shall, therefore, manifest
strongly as the later part of fertility pattern,

| This can be closely approximated by the
expression:
B(I,J+1) = B(I,J) EXP (AM(J) x (1=-EXP(5xAK(I-4))))

The value of parameter aK has to be selected
to match the problem, A value suggested for India is
0,03269,(9) This has been used in this dissertation,



Family plenning has been studied in two ways:

1) AM(J), family planning effort has been changed
for different time intervals, it is increased from an
initial value over five year intervals and then the
value is held constant for the remaining period,

2) The family planning effort has been fixed at

a level for all time intervals.

2.6,3 MINIMUM AGE AT MARRIAGE:

Age at marriage marks the beginning of the
reproductive span of a »woman's life, This factor
plays an important role in controlling fertility. A
shift in the age at marriage can postpone the start
of the reproductive span., By increasing the minimum
age at marriage the percentage of female population
in initial female group goes on decreasing, which
naturally effects the population in coming years,

The incidence of widowhood marks the end of
a woman's reproductive life in those cases where
re-marriage does not take place, In most Indian
communities, widow re-marriage is prohibited by the
social customs prevailing in that country. It has
been estimated that if no woman is allowed to marry
upto the age of 20 years, then there will be a
reduction of about 16% in the birth rate. (7)

30



31

To find out the impact of increase in the
minimug age of marriage it is esséntial to have
the percentage of married, divorced, widowed or
separated population to determine marital fertility
for;différent age groups, The unavailability of
this'data for individual regions has resulted in
non=-inclusion of this important aspect in this

worke

R ——
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CHAPTER - THREE

THE ANALYSIS AND ADJUSTMENT
OF DATA

"Today .... no problem is more important to
the well-being and happiness.of mankind than

the limitation of population growth...cccecee
The obJective of the efforts is not to

restrict life but enrich it"

/

JOHN D, ROCKEFELLER

e ¥ -
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3.1 THE ERRORS IN CENSUS DATA:

In Census reports, usually, the whole
population is divided into different age groups
and five-year wise age returns such as O-4, 5-9
and so on are mentioned. The data available for
age-group O=4 is suspect and also there is a
sharp difference in population of 10-14 and 15-19
which also seems erroneous. Generally, the
population in age group O=-4 is considered to be
the highest of all other age-groups. The general
observation is that the population goes on
decreasing as the age-groups advances from O-4 to
549 to 10-14 and so on. But in the census report
of Maharashtra State, the age-group O-4 has less
population as compared to 5-9, The same defect
occurs in middle age-groups also, £Even if the
migration from other states is taken intoaccount,
then also it does not look feasible., +he migration
occurs in urban regions and generally rural
population is somewhat steady. In Maharashtra,
the heavy migration is only in Greater Bombay region
and that is also in middle-order age-groups. ZThat
is why the data of O-4 age-group is suspect. (18)

This error seems to be due to faulty age
reporting by the people, The 0-4 age-group includes
the all children who have not completed their 5 years,
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That means a age of child is considered as 4 years
until and unless it does not complete 5 years. But,
this fact has not been understood by many of the

people in State and 2liso in India, The people reported
the age of child as 5 years even if it had not
completed 5 years. Because of this wrong age reporting,
shifting of about 20 per cent data occurs which affects

the age-group wise distribution pattern.,

There is, thus, a need for proper modification
of this data, Otherwise the population projections
for a long period will not be so cofrect, meaningful

and significant,

342 MODIFICATION OF DATA:

The age-group-wise population distribution is
observed to have a certain definite and specific
pattern. There is a rapid decrease in the population
in lower age=-groups, then in middle age-groups the
population is less decrease and again it sharply
decreases in the last lower age groups, So, various
methods were tried to find out the exact pattern ofi
population distribution.

3.2.1 CURVE FITTING APPROACH:

An attempt has been made to obtain modified
age-group-wise distribution of population by various
curve fitting techniques,

Firstly, the quadratic curve fitting technique
was adopted: The population of O-4, 5«9, 10-14 are
taken in I group and 15-35 in II group and 35-60 in



III group. Then for all the three groups separately
quadratic curve is fitted. But it is observed
that this curve becomes parallel and somewhat
increasing in later age-groups which is not the

expected,

Then, secondly, the cubic curve is fitted
to the all age-groups. but, this curve also not
fulfilled the expectation., This curve decreases
more sharply in later age-groups and for last age-
group it crosses X-axis, that is, it shows
‘negative' population which is obviously an

absurd solution,

3,2,2 THE CUBIC CURVE FITTING WITH THE METHOD
OF LEAST SQUARES: (19)

It was therefore felt necessary to adopt
the method of least squares with a cubic curve for
agewise distribution of population, is tried,
Because of the method of least squares, the
sharpness of cubic curve in last age-groups is
eliminated, This cubic curve is found to be the
best fit for the population distribution.

Thus, before projecting the population
for a long period, the data of age-wise distribu-
tion of population is modified by the above

mentioned approach,

39
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The error is due to age reporting has been
observed in all the census reports, particularly
1961, 1971, 1981. The modification of census data
of 1971 by the cubic curve fitting with the use of
least squares' approximation method for the
different regions in Maharashtra had been given in

table 3.1,

3.3 DATA BASE:

The census of India 1981 and sample
Registration system 1980 provided the data for use
in this work. The age specific fertility rates,
age specific mortality rates, female population in
different age groups, etc., for the region-wisé
study of population, are obtained from the Sample
Registration Scheme 1980. (2)

The aim of this work is to carry out the
populétion projections for the Maharashtra State
and its various regions, The division of the State
i.e, Maharashtra into various regions is made on
the basis of typical Socio-economic pattern, The
four different regions of Maharashtra according to
the regional disparities are:

1) Bombay Region,

2) Poona Region,

3) Nagpur or Vidarbha Region,

4) Aurangabad or Marathwada Region.
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The outline of four regions of Maharashtra State

have been given in Map 1.

Each region has its own typical characteristics
features. For easy to understand, each region is

introduced one by one,

This region is said to be a pride of
Maharashtra, particularly the Greater Bombay District.
The comparisons, however, are rather deceptive, as
they hide the fact that the favourable position of
the state in respect of per capita output and the
rate of savings is, in very large méasures, due to
the developments that have taken place in Bombay
and its immediate vicinity. This small area has
about 10 per cent of State's population but accounts
for over 30 per cent of total output of the state
and nearly 40 per cent of its non-agricultural
output. If Bombay is excluded from the comparisons,
the rest of the State seems to be as backward as
other parts of the country. (14)

The Bombay region comes to the west-side of
Maharashtra. It includes 7 disgricts Greater Bombay,
Thane, Kolaba, Ratnagiri, Nasik, Dhulka, Jalgaon.
The most of the districts are near sea-shores except
Nasik, Dhulia, Jalgaon. The Kolaba and Ratnagiri

Combiningly forms a typical region, named, Kokan
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region. These districts mostly depend upon the
sea for their sources of income.

The crude birth rate for this region is 24,0
which is quite below the average Maharashtra birth
rate 28,5 during April 1978 to March 1980, The
crude death rate of the region being 6.0 is also
quite below the other regions and the average
Maharashtra 8.3. ‘The ASFR (age specific fertility
rates) are also comparitively the lowestof all other
regions,

3¢3.2 POONA REGION:

The Poona region consists of 6 districts,
namely, Ahmadnagar, Poona, Satara, Sangli, Sholapur,
Kolhapur. This region is also'high up, relatively,
in the scale of urbanisation and industrial develop-
ment, specially, Poona, Sholapur districts. But still
the per capita output of the most othef districts is
lower than the average for the State, Particularly,
Satara, Sangli, Kolhapur have a very low level of
urbanisation and none of them have much industrial
activity except for the sugar industries. The per
capita output in these districts is determined
primarily by the productivity of land and density of
population.
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The crude birth and death rates being 28,7
and 8,6, respectively, nearly same as for the
average State. Age specific fertility rates are quite
low as compared to other regions except the Bombay
region, There is a higher level of literacy in these
two regions i.e. Bombay and secondly Poona, This
region comes to the South of Maharashtra touching the
borders of Karnataka, |

3.3+3 NAGPUR REGIONG:

The north-eastern portions of the state,
comprising the basins of Wardha and Wainganga rivers,
are known as Nagpur Plains, These basins have the,
characteristic black soil of the Deccan; more hinerals
especiélly coal are found in this region. In fact, this
region has the largest known concentration of mineral
deposits in the state,

‘This region has 8 several districts namely,
Buldana, Amravati, Yeotmal, Akola, Wardha, Nagpur,
Bhandara, Chandrapur., Nagpur and Amravati districts
have quite higher standard of urbanisation. But the
other districts are quite backward, No other district
has a considerable industrial activity and most of the
people being 80% of population depends upon the
agricultural outcomes, There is a wide=scope of

developments in agriculture in these districtsg.
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The crude birth and death rates being 33.2 and
10,0 are comparitively higher than the average
Maharashtra and also the other regions. The literacy

rates are at lower level,

3.3.4 AURANGABAD DIVISION:

This region lies in the middle of Maharashtra,
It consists of five districts, Aurangabad, Nanded,Bhir,
Parbhani, Osmanabad. This is the most backward region
in cdmparison with all other regions. None of the
above districts is much urbanised and carries industrial
activity except Aurangabad,

The crude birth and death rates being 33.7 and
11.8 respectively, are much above the average
Maharashtra and other regions. Literacy rates are at
lower level. The #ge Specific Fertility ~ate (ASFR)
schedule for the region is the highest, This region has
comparitively same characteristics as that of Nagpur
region,

The data required for carrying out the population

projections is presented in tables 3,2, 3.3, 3.4,

3.4 TREND OF DECLINING CHILD MORTALITY:

The Maharashtra State has an infant mortality
rate of 71 and a child mortality rate { O-4 age group)
of 30,0. 7The continuous decay in these rates are
observed from since last 40 years. Therefore, it shall

be prudent to introduce a decline in future child
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mortality rates, This has been applied in the work
by allowing an expenential decay in the child mortality
rates by the relation,

AMU (i,J) = AMU(1) # EXP (=5.% J* d)

AMU(1l) = Mortality rate of females of O-4 age
group at the beginning of the period
of projection,

AMU(1,J)= Mortality rate of female of O-4 age
group after Jth (5 years) interval,

d = Factor controlling the decline in

mortality rates,

It has been further assumed that the child
mortality rates shall not fall below a lower bound,
which is taken to be equal to 50 per cent of current
level. Since, exponential of -0.693 is half, 0,693 is

put as on a lower bound on the value of 5 * J * d.



CHAPTER -~ FOUR

SIMULATION RESULTS

"As the tide of population rises higher and
higher, it spg}ls less freedom, less mobility,
peace, recreation, culture, opportunity,
foreign travel, adventureless, of all things

that make human life superior to that of an ant®

WRIGHT - Limits of Mankind
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4,1 SIMULATION ¢

Simulation is defined as the technigue of
solving problems by the observation of the
performance of a dynamic model of the system. It
~is based upon computer science, mathematics and
statistics, It is the best technique for the design
and operation of complex systems. It‘can be
considered as the process of designing a model of
a real system and conducting experiments 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., Thus
the process of simulation includes both the
construction of model and the analytical use of the

model for studying a problem, (5)

The basic demographic model and choice of
fertility control have been discussed in previous
three chapters. The required data with the proper
modification of female population in different
age-groups by least squares' approximation method
(cubic curve fitting) for carrying out the population
projections have been tabulated in tables 71 ,
Based upon these, the effect of various control
efforts on the population distribution has been
simulated fa a period of sixty years in twelve five

years interval,
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4,2 EFFECT OF VARIOUS ARBITRARY CONTROL EFFORTS:

The effect of different values of arbitrary
control efforts on the state of Maharashtra is
tabulated in table 4.1 and the trajectories are
plotted in figure 4,1. The control effort ‘'r!
for exponential decay in birth rates has been
assigned the values 0, 0,005, 0,010 and 0,014,
Decline in future child mortality rates has been
introduced and the child mortality decline coefficient
'd' assigned values equal to 'r' i,e, 0,000, 0,005,
0,010 and 0,014,

For the four different regions of the
Maharashtra i.e. Nagpur, Aurangabad, Bombay, Poona
and for Rural Maharashtra, Rﬁral Bombay, the similar
projections are carried out,

The corresponding trajectories for these five
regions have been plotted in figures 4.2 to A.Sfﬁ

The careful observation of the population
projections trajectories immerges out the result that
with the application of no control, Rural Maharashtra
shall be having the highest rate of population
increase followed by Aurangabad, Nagpur, Poona and
Bombay,

4.3 EFFECT OF FAMILY PLANNING EFFORTS$

The family planning efforts are able to keep
the population in the desirable limits in long term
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PORPOLATION PER ONIT [ EASE 1981]
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policy. These efforts have been studied under two
categories:

1. A constant value of family planning effort
*AM' has been used for the pre-determined period

of sixty years,

2. Family planning effort has been increased in
steps from an initial value for four intervals of
five year duration and after 25 years it is held

at the constant value attained for such steps.

Ihe population projections by these efforts
for the year 2041 for Maharashtra and the four
regions are tabulated in table 4.2,

' Both the methods for family planning control
have been tabulated, The effort ,04(.04).20 means
that the family planning effort has been increased
from .04 to .20 in steps of .04 for four intervals
of 5 years and then he#d constant at 0,2, Child
mortality decline is also introduced for two values
of d = ,005 anle.OlO.

The population projection trajectories are
plotted for different regions of Maharashtra and
Maharashtra in figures 4,9 to 6M§ « Rural Maharashtra
and followed by Aurangabad, Nagpur, Poona, Bombay is
the order which has beéen observed from the look at

population trajectories,
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The rural Maharashtra has been observed to
have highest rate of population growth the reason
obviously being its high fertility and comparatively

similar mortality rates to other regions,



CHAPTER - FIVE

CONCLUSION

"The explosion of over-population can be far

more dangerous to the maintenance of internationsl
peace and security than the atom, hydrogen or
cobalt bomb, The already large population of the
world which is increasing constitutes today one

of the most dangerous pressures, threatening the

peace of the world",

BENJAMIN A, GOHEN
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5.1 ANALYSIS OF RESULTS s

In previous chapters, the discussion and
simulation of results for different methods of
fertility control are made, It is clear that a
general conscience is necessary to reduce the
population level, If we consider the bearing
capacity of India as a while to be about
1250-~1300 million, then our aim would be to keep
the population within this level in future,

This means that the population rise should not ,
exceed about 80% of current value,.

Some important aspects have been studied
about the effect of different fertility reduction
measures and their required levels, so not to
exceed the bearing capacity of land,

1. Before projecting the population, the most
important thing that to be done is to modify the
age-wise distribution of female population by

least square's approximation method, As described
in previous chapters, the error due to wrong age
reporting affects the age-wise distribution pattern,
The reported populations of O.4 age group in
diﬁfereht censuses can't be reconciled by simply
attributing them to reduction in birth rates as

has been suggested (Victor Petron).

2, The effect of arbitrary control of fertility

pattern a control effort of 0.010 causes a decrease

of 9,5 per cent per decade gives a unit population
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1.6 times of the present value for Maharashtra as a.
whole in 2041, If child mortality rates are also
decreased simultaneously with a factor of .005 and
an increased control effort of 0,014 which causes

a decrease of 14 per cent per decade is required
for population of 1,85 in 2038, This is an
important point to note as decrease in birth rates

is very likely to result in reduced child mortality

rates,

~

3 For family planning efforts, the control
effort *AM' of assigned value .08 gives a population
of 1.841 tiﬁes the present one in 2041, If child
mortality rates are also reduced simultaneously with
control efforts of 0,005 and ,010, *AM' required
become 0,12 and O.1l4 respectively giving population
of 1,825 and 1.840 times respectively.,

Family planning is increased in steps as it
would be in real life then the control factor has
to be increased from 0,04 to 0,20 in five yearly
steps of 0,04 and then held constant at 0,20 for
achieving a population of 1,745 in 2041, If child
mortality rates are also decreased simultaneously,
at d = 0,05, it raises the effort to an increase of
five yearly steps 0,03 from an initial control
factor of 0.10 to 0.22, This achieves a per unit
population of 1,772 in 2041, An increase in

PP e
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'd* to 0.010 increases the level of effort to an
initial value of 0,10 increased to 0.30 in steps
of 0.05., This gives per unit population of 1,72
in 2041,

| Table 5.1 shows the respective control
efforts desired for the four regions and for Rural

Maharashtra,

5.2 CONCLUSIONS:

The following conclusions have been made
on the background of this work:
1. The distortion in the age-groupwise
distribution of population has been observed in
all the census reports of India particularly, in
census 1971 and 1981. This has been analysed
and can be said with confidence to be due to the
wrong age reporting. This error has been correctdd
by adopting a cubic curve fitting to the age-group-
wise distribution of population by method of least
squares' which gives the smallest mean square
error.
2. Since the child mortality rates and
fertility rates are strongly correlated, a decline
in future child mortality rates has to be assumed

together with decline in future fertility rates,
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A higher birth control effort is required than
for the case of constant mortality rates, a
fact which is supported by results obtained.,

3. This work raises out a fact that each
state should not be considered as a homogenous,
There has been observed large variations in
population growth pattern from region to region
for same control effort,

4, The population increase is considerably
high for some regions, typically in Rural
Maharashtra as a whole, for a moderate control
effort. The population increase has been
observed considerably high in rural parts of all
regions., This points out to the magnitude of
population problem facing to us,

5. Progressive reduction of inter-regional
disparities should be a major objective of the
country's development programme. But it is
obvious that all regions are not capable of
attaining the same level, much less the same
pattern of development., Broadly speaking, Poona
and the eastern portions of Nagpur Division have
very good potentialities both for agriculture
and industrial development. Greater Bombay,

despite several retarding influences, will



53

continue to be the largest and the most dynamic
centre of industrial activity,

The programme for promoting balanced
regional growth should be formulated with due
regard to the capabilities of different areas,
The measures must be dexigned to create the
conditions for enabling the resources of each
region to be developed to the fullest extent
possible,

5.3, SUGGESTIONS AND FUTURE SCOPE OF WORK:

l, In this work, due to the lack of data

of married, widowed and divorced females in
different regions of Maharashtra, the study of
effect of raising minimum age at marriage on
population has been impossible to carry out,
The raising of minimum age at marriage reduces
the reproductive span of woman's life and
exercises a controlling influence on population
with the altered fertility pattern,

2e On the basis of the resuyys of this
work, the necessity of undertaking the
population projections for regions-wise divisions
of states has been Jjustified. & region must
have almost same geographic conditions and same
level of living, The results obtained has been

very accurate,



3. The inter-regional disparities in incomes
and levels of living should be re?icaed and this
should be the major target of the country's
development, The efforts should be made for
balanced regional growth with due regard to the
capabilities of different areas,

4, The census data has been modified in the
present case by assuming a cubic curve for
demographic profile., It would be worthwhile to
investigate this further using other functional
forms for this profile,

Se At field level, it would be required to
quantify the suggested coefficient values in

terms of money and other resource requirements,

24
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