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Abstract. In this article the population of Bangladesh hasnbgeredicted up to 2025 with
the help of an ordinary differential equation mokebwn as logistic population model
which is parameterized by growth rate along withagdty human population. Here we
used curve fitting method as solution process ef iiodel and tried to compare the
prediction between two cases- when the carryingaciép is known and when it is
unknown with census population. The computer aledmftware MATHEMATICA is
used to carry out the computations. Finally reisultescribed graphically.
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1. Introduction

Englishman Malthus (1798) first successfully disad the caveats of mathematical
modeling through his paper, “An Essay on the Ppiecof Population”. One of the most
basic and milestone models of population growth thaslogistic model of population
growth formulated by Pierre Francois Verhulst (183®e logistic model takes the shape
of a sigmoid curve and describes the growth ofufadion as exponential, followed by a
decrease in growth, and bound by a carrying capdatie to environmental pressures.
Hoque et al. [1] used this discrete model with edification of the growth rate which
is not constant. They showed the population of Batesh as projected for the period
1976-2093 and obtained a parabolic profile. Walake [2] predicted the population
growth of Rwanda and Kagoyire et al. [3] of Ugamnsing logistic model population of
population growth. Here the carrying capacity ahe vital coéficients governing the
population growth also determined. In 2010 AfrozalirP et.al. had investigated
mathematical and econometric model for the prajectf ultimate population of the
earth [8].Das showed nonlinear statistical model and itsiegipbns to diffusion
of mobile telephony in India in 2013 [9].

Curve fitting method for finding the unknown coeféints is also a dependable method
with which we can project the future populationngsthe present population of a given
regular time interval. The prediction using curittifg method is also more accurately
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near to the census population. Barun [4] in ‘Difgial Equations and Their Application:
An Introduction to Applied Mathematics’ describdm tmathematical calculations and its
applications as mathematical modeling. Giordand Afeir [5] were used the logistic
curve fitting method for predicting sample popuwas. Mathews [6] investigated a
theoretical study on bounded population growth bguave fitting lesson. In 2012
Minarul Haque et al. had predicted population im@adesh by growth rate
modeling [7]. Thisstudy is to present curve fitting methods foiirfigtthe logistic curve
of Bangladesh population data. We tried to complaeeprediction between two cases-
when the carrying capacity is known and when iti&nown. The computer algebra
software MATHEMATICA is used in this article to cgrout the computations and plot
graphs.

2. Mathematical M odel
Let p(t) denote the population at tirhe Assume thatim pt)=K

The differential equation relating(t)and p'(t) is

5 0= pl)fa-2 &

The parameter is the initial rate of increase whepit) is small, andK is the carrying
capacity or limiting population as— «. The form of the solution to (1) is known to be

K
p= p(t):m (2
3. Solution techniques
The valuet, in (2) is usually chosen to be a convenient stgrdate such as 1971. We
want to fit the curve of the form (2) to a given sedatdty, py), (t;, py),eeeve- .. , (ty. p)
The model (2) involves three unknown parametersandK . However, by judiciously

selecting a value fa¢ , we can reduce the problem to finding just twoapaetersr and
C. This will permit us to use the technique knowr'data linearization" which reduces
the problem to finding a least squares line.

First, rearrange (2) in the form

Ko 1=cerlto) (3)
Now take the logarithm of botrr)l sides of (1) andagbt
m(ﬁp-lj:m(c)+ (ft-to) @
Next, we introduce the change of variables
T =t-t,, P:In(ﬁp—lj, B=In(c) and A=r (5)
This will transform equation (4) into the linearrio
P=F(T)=AT+B (6)
The data points to be used in (6) are the transfdrpairs
(T . R) :[tk -t, '”(% - D fork =01......... n 7)
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When the least squares line is fit to the datat(i®,coefficients A and B in equation (6)
are obtained. This computation is carried out by TWEMATICA. Finally, the
coefficientsc andr are calculated.

c=e® and r=A (8)
We shall show how to fit data to the above model ase formula (2) to estimate the
population of Bangladesh in the years 2000 thr&@tD. We discuss two problems; one
is when the carrying capacity of a particular pagioh is known and when it is
unknown. Firstly, we assume a carrying capacity Bpdogistic curve fitting method
determine the constant andr . Secondly, all the three parametersr and K are
unknown. Computer determines these values basedraarbitrary inputs.

We will fit the curve p, = p,(t)= to the points

1+Cer t-ty
(200012919), (200113127), (200213338), (200313845), (200414134), (200514432),
(200614736), (2007,15049), (200815355), (200915605) (201015612) which are the

census figures for the population of the Bangladesikd also predict the future
population. WhereK is the known carrying capacityis the initial rate of increase.

Case-l: when carrying capacity is known

Firstly assume that carrying capacky=250 (millions) and use the method of "data
linearization".

From equation (4) we knowP=AT+B. Then the normal equations are

Z P =AZT +nB 9)
2PT=AYT?+BYT (10)

By using the above equations we get the followatget

t p T=t-t K PT T2
(in 0 F’zln(?;— J
millions)
2000 12919 0 -0.067065 0 0
2001 13127 1 —0.100404. —0.100404. 1
2002 13338 2 -0.1342815 —0.268563 4
2003 13845 3 -0.216036: -0.6481089 9
2004 14134 4 -0.2629445 -1.051778 16
2005 14432 5 -0.3116175 -1.5580875 25
2006 14736 6 -0.3616509 -2.1699054 36
2007 15049 7 -0.4136386 —-2.8954702 49
2008 15355 8 -0.4650016 -3.7200128 64
2009 15605 9 -0.5074138 -4.5667242 81
2010 15612 10 -0.5086075 -5.086075 100
D T=55| Yp= D pT= >oT?
—-3.348661625 -220651293 =385

Table 1: List square curve fitting table
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Here,n=11, ZT =55 Z P = -3.348661625 ZPT =-220651293and ZT 2=385

Substituting these values in the normal equa®maid (10) we get
A =-0.048380192

B =-0.062522821

Also we can write from (8)¢ =e® =0.939391624 r = A= -0.0483801928
Putting the values ot, r andK in equation (2), we obtain

250

1+0.939391624 e—0.0483801928(t—2000)
Proceeding this way we get the following prediction

p, = p,(t)= (12)

Year Census Predicted Year Census Predicted
Population | Population Population | Population
200C | 129.1¢ 128.90¢ 2013 166.57:
2001 | 131.2 131.92. 2014 169.24:
2002 | 133.3¢ 134.93- 2015 171.86:
200: | 138.4¢ 137.93: 201¢€ 174.43
200¢ | 141.3¢ 140.91¢ 2017 176.96:«
200t | 144.3: 143.88: 201¢ 179.43¢
200€ | 147.3¢ 146.82- 201¢ 181.86:«
2007 | 150.4¢ 149.74: 202( 184.23t
200¢ | 153.5¢ 152.63: 2021 186.55:
200¢ | 156.0¢ 155.49: 202z 188.81¢
201C | 156.1: 158.32: 202t 191.02-
2011 | 158.57 161.11: 202¢ 193.17¢
2012 | 161.0¢ 163.86: 202t 195.27.

Table 2: Predicted populatiop,(t) (whenK is known)

Graphical representation of the predicted popufatio
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Figure 1: Predicted population curve (whEnis known)
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Case-11: when carrying capacity is unknown

Secondly we fit the curvepz(t)z to the above data points by finding the

1+ce'(w)
parameter<, r andKk .
For the "data linearization" method, presented abave have assigned the limiting

population asLim pl(t): K =250 (millions) . But in this section, Let us see that
| N
computer determines the paraméteror thiswe use the more sophisticated problem of

minimizing the sum of the squares of the residaal$ require a minimization subroutine
for functions of several variables described al®¥es:

Here, we obtain that finally computer determines @arrying capacityK =189.7471
after 2050 times iterations. Firstly we assumed tha —004 andc = 094, where
computer determine the value las —0.0857114andc = 0.4816739

The population function corresponding to these ipatars is

0 (t)= 1897471
2 1+0.481673% e—0.0857114<(t—2000)

Using this process we find the future populatioojgation.

Census Predicted Census Predicted
Year Population | Population Year Population | Population
200C | 129.1¢ 128.06: 201z 163.84¢
2001 | 131.2 131.57¢ 201« 165.70¢
200z | 133.3¢ 134.97" 201¢ 167.44¢
200: | 138.4¢ 138.25! 201¢€ 169.08:
200¢ | 141.3¢ 141.40¢ 2015 170.60°
200t | 144.3: 144.42¢ 201¢ 172.03.
200€ | 147.3¢ 147.31¢ 201¢ 173.36.
2007 | 150.4¢ 150.07- 202( 174.60(
200¢ | 153.5¢ 152.69° 2021 175.75:
200¢ | 156.0¢ 155.18¢ 202z 176.82
201C | 156.1: 157.54: 202: 163.84¢
2011 | 158.5° 159.770:. 202¢ 165.70¢
201z | 161.0¢ 161.87( 202¢ 167.44!

Table 3: Predicted populatiop, (t) (when K unknown)
Graphical representation of the above populati@h@vn in Figure 2.

4. Results and discussions

It is illustrated that how curve fitting is used @nsimple mathematical model in this
article. If the limiting valuek is known, or can be determined by other means, tihe
first method should be used ampglt) is used to fit the data and to extrapolateX lis

not known, but can be estimated, then the secoridotiecan be used to determike
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and the functionp, (t)is used to model the data. We determined from bles@study that

both the two methods fitted the data smoothly fanfadesh. Finally we can see that
Method 2 predicts more nearest population figurertginal population and minimize the
error. A comparison of the original and projecteatadof Bangladesh population (in
million) is given in the following table.

Py

L L L L Il L L L Il L L L L
1980 2000 2020 2040

t

Figure 2: Predicted population curve (whdfis unknown)

In this case firstly (case-lI) we assume that theyray capacity of Bangladesh is known
and assumed it as 250 million. Secondly (caseeltymuter determined after iteration that
carrying capacity 189.75 million gives the cloge®diction to the original data.

Carrying capacity know Carrying capacity unknov
Year | Observed | Prediction | Percent error Prediction | Percent error
t, | Population Using 100x P~ p(t, ) Using 100x P ™ p,(t,)
Pk pu(t) Pk P (t) Pk
200( 129.1¢ 128.90¢ 0.22 128.06: 0.87
2001 131.27 131.92: -0.5C 131.57¢ -0.2:
200z 133.3¢ 134.93¢ -1.17 134.97! -1.1¢
200s: 138.4¢ 137.93: 0.37 138.25! 0.14
200< 141.3¢ 140.91¢ 0.2¢ 141.40! -0.0¢
200¢ 144.3:. 143.88: 0.3C 144.42¢ -0.07
200¢ 147.3¢ 146.82: 0.3¢ 147.31¢ 0.0Z
2007 150.4¢ 149.74: 0.5( 150.07- 0.2¢
200¢ 153.5¢ 152.63« 0.6(¢ 152.69° 0.5¢
200¢ 156.0¢ 155.49: 0.3¢ 155.18t¢ 0.5¢
201C 156.1: 158.32: -1.4C 157.54: -0.91
2011 158.5° 161.11: -1.6C 159.770: -0.7¢
201z 161.0¢ 163.86: -1.7: 161.87( -0.4¢

Table 4: Comparison between census and projected populafiBangladesh
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5. Conclusion

Using curve fitting method we used the populatiba @ertain period of consecutive 11
years. It gives close prediction to the real pogaa In its first method we can assume
any possible carrying capacity and predict the reutpopulation. In second method
computer can determine the suitable carrying cpaaid predict more closet prediction.
Second method is the best to predict data as cemplgfine the possible carrying
capacity and predict very good data.
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