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Abstract

Bangladesh is a thickly populated country than many other countries of the world. The population growth is
termed as alarming, however, knowledge of growth in the years to come would be useful in planning for
development of the country. This article is based on the projection of future population growth of the country.
The available actual population census data during 1991-2011 of Bangladesh was used with the application of
an ordinary differential equation known as Verhulst logistic population model which is parameterized by growth
rate along with human population capacity of Bangladesh. Bangladesh will reach its carrying capacity of 24.50
million population in the next 56 years i.e. the year 2067. The article provided a focus on the changing trends of

the growth of the population of Bangladesh.

Keywords: Logistic Model, Carrying Capacity, Zero Growth Rate, Least Square Method, 6™ Order RK Method,

INTRODUCTION

Bangladesh is a small country with a huge (8™ most
in the world) population in South Asia.
Overpopulation is the main cause of the poverty,
illiteracy, unemployment, and malnutrition of the
country. So the increasing trend in population growth
is a great threat to the nation. Therefore population
control should be given top most priority in planning
national policy. Application and use of a feasible
technique of estimation and projection of future
population of the country can find importance at this
juncture. Population dynamics study uses population
model, basically leading a particular type of
mathematical model. There are various methods for
developing a population model. Among these,
Malthusian Model (exponential model) by Thomas
Robert Malthus (1766-1834) and the logistic
differential equation model (developed by Verhulst,
1838) are well known [1].

The exponential model cannot define a limit point as
it gives an easy approximation for future population
and cannot find the exact future populations number.
So population increases with time tending to infinity.
This model is suitable for a very small time period as
it does not consider the environmental factors. The
logistic model tells that growth of population rate
decreases as the population reaches the carrying
capacity level of the environment. In comparison, the
exponential model provides estimation more accurate
than logistic one [2]. Population census data of
Bangladesh from 1981 to 2001were used to arrive at
an accurate prediction of the population. In case of a
simple model of population growth using ‘“‘some
mathematical models for the population growth”, the
logistic model considers the excess of births over
deaths per unit time and does not account for the
limitation of resources [3]. Hence a suitable
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parameter is considered to modify in simple
population growth. This is known as the simple
logistic model. A logistic model with explicit
carrying capacity is the most easiest to study
population growth as related equations contain only a
few parameters and as such the solution for the basic
equation of continuous logistic model can be
obtained by integrating the equation [4]. Though the
growth rate in the population of Bangladesh has been
decreasing, its overall population has been increasing
and it would continue to increase until zero growth
rate is reached. The country will have the largest
population when the growth rate will be zero. The
logistic model is found to be used in census data of
different country populations [5, 6].

Obaidullah (1976) presented an ‘Expo-lincar Model’
claiming as better than either an exponential or a
linear model in describing population growth over
time [7]. However, there can be a difficulty in
interpreting its parameter unlike those of exponential
or linear one. Mallik (1980) studies the population
trend in Bangladesh and suggested the possibility of a
zero population growth rate in the next hundred years
(2080) which is very unrealistic [8]. Beekman (1981)
developed exponential growth models and models
utilizing a Markov chain to reflect lower birth rates
caused by rural-urban movement [9]. Using this
model, the population of Bangladesh was projected to
the years 1998, 2018 and 2038 respectively. Kabir &
Chowdhury (1982) scrutinized the relationship
between population growth and food production in
Bangladesh and recognized the difficulty of feeding
the growing population in formulating policy for
reduction of the population [10]. Hoque et al. (2012)
projected Bangladesh population for the period 1976-
2093 and obtained a parabolic profile; where the
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critical point is obtained in 2035 [11]. After 2035
population will decrease in a parabolic manner.

At the backdrop of stringent economy and
environment of the country, it is crucially important
to understand the changing population trend for
better development planning in the country, in the
days to come. The principal aim of the exercise was
to prepare an estimation of growth of Bangladesh by
using logistic model in predate data from the year
2012 onward, up to 1991 to 2011. The Logistic
model used and applied in population data [table-1]
was found to work accurately in estimation of
population of Bangladesh and thus it is hoped that the
findings will help in successful population projection
and planning in the country, in future.

Methodology

Any kind of research work is one of the best
unspoken as a process of arriving at dependent
solutions to the problems through the systematic
collection, analyzing and explanation of data. In
relation to this paper, secondary classified census
population data of Bangladesh (1991-2011) were
collected from the Bangladesh Bureau of Statistics,
Government of Bangladesh. 6" order RK method,
MATLAB software was used for the direct projection
of future population of Bangladesh and in plotting
down the graphs of actual and predicted population
values against time in years. We used Verhulst
deduced formula to find out the carrying capacity and
growth rate of Bangladesh population. We also used
least square interpolation method to compute the
growth rate of the future population of Bangladesh as
a function of time

Mathematical Model
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Suppose that at time 7 =1 and ¢ = 2 the values of P are F and F, respectively.
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According to Pierre Francois Verhulst we calculate
the parameters K and r from the population P(t) in
three different but equally spaced years [5]. If Po is
the population at time t=0, Pi at time

t = T and P2 at time t=T2, then a tedious
computation starting from exact equation of logistic
model shows that equation (vi) and(viii) So for the
population of Bangladesh in the years 1991,

2001 and 2011 respectively 106313000, 124355000
and 142319000, we obtained k=245096511

and r =0.02960160617 approximately.

Table 01: Census data of Bangladesh

Year Bangladesh Census Data (in thousand)
1991 106313
2001 124355
2011 142319

Proceeding this way, we get the following table

Table 02: Census and logistic model data

Year Actual Census Data of | Population by using Error
Bangladesh logistic equation

1991 106313000 106313000 0.0

2001 124355000 124355034 +34

2011 142319000 142319066.3 +66.3
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Percentage of error in 1991 is 0%, in 2001 is 0.002% R R B PO D2 _
and 2011 is 0.004%. The error term is very small o v [+ weuso]|
compared to the census data of the Bangladesh sl * + ]
population. From the above table, we can say that our * *
logistic model data for the same period of time fitted * E
with a very good agreement with the census data of

the Bangladesh population.

Population in 10 mill
o
*

Estimation of Future Population of Bangladesh +
using Logistic Model B v

3
Equation (1) can be written as b =1(f) p(a‘)‘ 1- M |
at K

T v T TP T TR
Year
where K 15 assumed to be constant which 1s determmed by the formula of equation (v1)

Figure 02: Parabolic profile of Bangladesh

We determine r() as follows: Population (census 1901-2011 and projected data
f . 2012-2211)

Ld_ 1'(1‘)‘ 1- 20 | =a(f), growth rate
pl) dt k) The environment should support in population
a) . growth, not only the environment but also
=1(t)= pm"'(ﬁf) Bangladesh should contribute to control the
1'? population growth. The population of Bangladesh has
been predicted with the help of a non-linear
where p(f) < K (carrymg capacity) differential equation model known as Verhulst

logistic population model which is parameterized by
growth rate along with human population capacity of
S0, aff) =a(0) « mt~(vit) Bangladesh. Firstly we analyzed the census data
during 1991-2011 compared with the logistic model,
is a very good fit with the census data. To make the
non-linear differential equation as linear we used
least square interpolation method and expressed
growth rate a(t) as a function of t . Mathematically

To estrmate 7(f), we model o(f) with a linear equation in tie.

where m =

2010)-a(2001) . .
w 15 deternuned by the given data tn table 1.

Least square tterpolation of growth rate a(f) =0 26554935849191336 - 0.029621318688351928¢

Now we show our tmin intend to estimate Bangladesh population by using equation () & (vi) (6

order RK aethod). logistic model approach is a good tool to predict the
population of any country. If we consider small order

RESULT & DISCUSSION RK method then accuracy in prediction is not
maintained. Through appropriate higher order RK

L Popuation Prjecion of Banglsdesh fm 2012 method (6™ order) and by using the logistic model we

. can predict the population of Bangladesh using
MATLAB programs. For prediction, we use a
5l generalized logistic population model. In figure 1, we
F 3 see that the graph of the predicted population values
/ \ is an S-shaped curve. In figure 2, we see that the
L population of Bangladesh will gradually decrease in a
A parabolic manner i.e. an S-shaped curve. This shows
that the predicted values fitted the logistic curve. In
figure 1, we see that Bangladesh to reach its carrying
capacity would take more than 56 years i.e. the year
a5 2067. After 2067 growth rate will be zero and
' Bangladesh have the largest population and largest
" ; , , : population will be 24.50 million. Due to the rapidly
e - S # = changing population, various natural disasters may
' occur as the population exceeds maximum population
level i.e. environments carrying capacity. Bangladesh
government should take preventive measures and
facilitates planning for “worst-case” outcome. This
study introduces a vital role for better sustainable
development plans with the limited resources through
the accurate idea of future population & related
information of resources. As future is intimately tied
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population in 10 million

Figure 01: Projection curve of Bangladesh
Population
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to the past, a projection based on past trends and
relationships raise our understanding of the dynamics
of population growth and often provide predictions of
future population change that are adequately accurate
to support respectable decision making. The
projection of future population gives a future portrait
of the population which is well-disciplined by
reducing population growth with different likely
measures.

CONCLUSION

After all one discussion, it is clear that the logistic
model methodology incorporated with 6™ order RK
method is a good tool in population estimation. The
realistic mathematical logistic model is useful in
many applications from experimental instruments to
rigorous mathematical analysis techniques. Hence we
hopefulness this research work will help to build a
consistent development of the country.
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