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Abstract 
 

 The global population is increasing 
at a very fast rate, and it is likely to increase 
another two billion by 2050. India has also 
seen a prominent increase in demographical 
numbers across the states. India has already 
surpassed China in the Population this year. 
Keeping in view of the current situation, 
population dynamics has a high scope and 
importance. It deals with changes in 
population growth rates, age structures, 
distribution of people and these factors are 
closely linked to national and global 
development challenges and their solutions. 
Many population growth models have been 
developed in the past by demographers and 
scientists to study and predict the future 
population. Exponential, Logistic and 
Fibonacci population models are few among 
them. Fibonacci models are based on 
Fibonacci numbers in Mathematics and its 
research study was based on Rabbit 
population. Later it is generalized and 
extended to human population. Exponential 
model created a significant place among the 
population models and predicted that the 
world population will increase 
exponentially. Contradicting to this, 
Logistic population model said that the 
population can grow either increasing or 
decreasing based on the carrying capacity- a 
new term introduced by Verhulst. Recently, 
machine learning techniques are introduced 
to predict the population growth and it gives 
a more approximate and reliable predictions 
as compared to differential equation based 
mathematical techniques. This chapter goes 
deeply into modeling the human population 
growth of Fibonacci, Exponential and 
Logistic population models, and machine 
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learning techniques. The data set is collected 
from 2011 census of 5 major Indian states, 
analyzed, compared, and predicted the 
future population till 2031 using the 
machine learning techniques and 
Mathematical population models. Among 
the machine learning techniques, Random 
Forest method has been used here to predict 
the population.   
 

Keywords: Population growth, Exponential 
model, Logistic model, Fibonacci model, 
Random Forest method, Future population 
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I. INTRODUCTION 
 
 Many research studies have been conducted using Exponential, Logistic and 
Fibonacci population models mathematically. These mathematical predictions are accurate 
to some extent. This research study is an attempt to attain a more accurate and reliable 
prediction by comparing mathematical and machine learning methods. Machine learning 
models are gaining utmost importance in the modern world. There are several machine 
learning methods available for predicting the human population – Linear regression, 
decision trees, artificial neural network, k-Nearest neighbors – to name a few. There have 
been studies in the recent past that talks about the comparison of 17 machine learning 
models[3], forecasting small area populations with Long Short- Term memory 
networks[2,5], study in Nepal that estimates the post-earthquake human migration within 
Nepal by tracing the human movement using their mobile phone data[4], another paper that 
explores supervised ML algorithms to identify the most suitable algorithm for predicting the 
population growth rate of a particular area[1], population prediction of Turkey with six 
different machine learning algorithms were done in 2017[6], population forecasting system 
using machine learning algorithm in Nigeria[8], a model that is used to predict the disease 
severity and outcome in Covid-19 patients[11] etc. 
 

 The data set is taken from 2011 census Govt. of India that deals with the population 
of first 5 most populated Indian States – namely Uttar Pradesh, Bihar, Maharashtra, West 
Bengal and Madhya Pradesh. As per the 2011 census, it is observed that 50% of India’s 
demographic growth is expected to take place in these 5 states and hence the projections of 
these particular states are of great importance. Hence the data sets of these Indian states have 
been taken in this research study. Here Python programming and MATLAB programming 
are used to calculate the predictions of these 5 states from 2012 to 2031 using mathematical 
methods as well as machine learning methods. 
 
II. RESEARCH METHODOLOGY 
 
1. Exponential Growth Model: Exponential growth model developed by Malthus [16] 

consider the rapid growth of human populations against the backdrop of limited 
resources. In fact, Malthus predicted a society plagued by misery and hunger.  

 

 This growth model is described by the differential equation 
ௗேௗ

ௗ௧
 = rN, where r = b – d 

(Fertility – Mortality) 
 

 On integrating, we get N(t) = N0𝑒(௧ି௧బ), r is the Malthusian factor which is a 
constant.  

 
2. Logistic Population Growth Model: Formulated by Pierre Verhulst, this model [17] 

introduced a term called carrying capacity. Verhulst found that population growth not 
only depends on the population size, but also on how far this size is from the carrying 
capacity. As per Verhulst, population cannot always increase because there will be 
scarcity of resources like water, food etc. So, he predicted that population will decrease as 
and when the resources will run out of short. To summarize, the population growth rate 
decreases as the number of individuals increases. He formulated the equation as follows. 
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a and b are vital coefficients.
 
 On integration and applying the initial values, we get the following equations and 
with the use of these equations, we have created a MATLAB code to calculate the 
numbers.  
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III.  DATA TABLES AND DIAGRAMS
 
 My first study was based on 
census data set of 20 Indian states. 
base year and predicted the population for the years 2012 to 2031 using both the Exponential 
and Logistic population models. Table 1 and table 2 depict the comparison of actual and 
predicted population using both the models for the said years whereas Table 3 tells us the 
population predictions for the years 2023 to 2031of all the 20 Indian states. The graphs have 
been plotted to show the comparison between Exponential and Logistic model and we can 
observe that the exponential model is more accurate and almost matches with the ac
in all the cases. Figure 1, Figure 2 and Figure 
curves of each state for the years 2012 to 2022. Figure 
all 20 states for the upcoming years from 2023 to 2031. 
 

Table 1: Population Predictions 
 

    Actual (A) vs Exponential Predicted (
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--------------- (1)  

a and b are vital coefficients.  

On integration and applying the initial values, we get the following equations and 
with the use of these equations, we have created a MATLAB code to calculate the 

ேమ)
 

DATA TABLES AND DIAGRAMS 

My first study was based on the Exponential and Logistic population models 
census data set of 20 Indian states. The population of the year 2011 has been taken as the 

the population for the years 2012 to 2031 using both the Exponential 
and Logistic population models. Table 1 and table 2 depict the comparison of actual and 
predicted population using both the models for the said years whereas Table 3 tells us the 

on predictions for the years 2023 to 2031of all the 20 Indian states. The graphs have 
been plotted to show the comparison between Exponential and Logistic model and we can 
observe that the exponential model is more accurate and almost matches with the ac
in all the cases. Figure 1, Figure 2 and Figure 3 portray the actual, exponential and logistic 

ears 2012 to 2022. Figure 4 shows the population predictions of 
all 20 states for the upcoming years from 2023 to 2031.  

Population Predictions – Exponential Model vs Logistic Model (2012

Predicted (EXP-P), Logistic Predicted (LOGI-P) (In thousands):   
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On integration and applying the initial values, we get the following equations and 
with the use of these equations, we have created a MATLAB code to calculate the 

Exponential and Logistic population models of 2011 
The population of the year 2011 has been taken as the 

the population for the years 2012 to 2031 using both the Exponential 
and Logistic population models. Table 1 and table 2 depict the comparison of actual and 
predicted population using both the models for the said years whereas Table 3 tells us the 

on predictions for the years 2023 to 2031of all the 20 Indian states. The graphs have 
been plotted to show the comparison between Exponential and Logistic model and we can 
observe that the exponential model is more accurate and almost matches with the actual data 

3 portray the actual, exponential and logistic 
4 shows the population predictions of 

(2012- 2016) 
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 In the exponential model, the growth rate of each state is calculated using the 2011 
census data and performed the MATLAB code to get the predicted population for each year 
for 20 different states. When we look at the growth rate, Tamil Nadu and Kerala are
lowest growth rate of 0.0068 and 0.0069 respectively whereas the highest growth rate of 
0.0213 and 0.0185 are recorded by NCT of Delhi and Bihar respectively. 
 

Table 2: Population Predictions 

 In the logistic model, the carrying capacity is calculated for 
census data 2011 and performed the MATLAB code to get the predictions. When we 
calculate the carrying capacity, we can observe that Tamil Nadu and Kerala are at a rate 
0.02 whereas Jammu & Kashmir has a carrying capacity of 0.03. It varies from 0.02 to 0.04 
depending upon the state population of the base year.

 
 The following figures give us a detailed picture of exponential and Logistic data 
mapped against the actuals. Figure 
actuals for the years 2012 to 2015 and there we can see the data is almost matching with the 
actuals in both the models, out of which exponential model is closer to the actual. 
 
 On the other hand, fig 2 gives us a comparison of both the models with actuals for the 
years 2016 to 2019 and there is a noticeable difference in both the models from the actual 
data, Exponential data being the mor
comparison of the models with the actual for the years 2020 to 2022 and it is seen that the 
data varies significantly from the actual in both the cases, Exponential being the more 
accurate. 
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In the exponential model, the growth rate of each state is calculated using the 2011 
census data and performed the MATLAB code to get the predicted population for each year 
for 20 different states. When we look at the growth rate, Tamil Nadu and Kerala are
lowest growth rate of 0.0068 and 0.0069 respectively whereas the highest growth rate of 
0.0213 and 0.0185 are recorded by NCT of Delhi and Bihar respectively.  

Population Predictions – Exponential Model vs Logistic Model (2017
 

 
In the logistic model, the carrying capacity is calculated for each state based on the 

census data 2011 and performed the MATLAB code to get the predictions. When we 
calculate the carrying capacity, we can observe that Tamil Nadu and Kerala are at a rate 
0.02 whereas Jammu & Kashmir has a carrying capacity of 0.03. It varies from 0.02 to 0.04 
depending upon the state population of the base year. 

The following figures give us a detailed picture of exponential and Logistic data 
actuals. Figure 1 shows the comparison of both the models with the 

actuals for the years 2012 to 2015 and there we can see the data is almost matching with the 
actuals in both the models, out of which exponential model is closer to the actual. 

her hand, fig 2 gives us a comparison of both the models with actuals for the 
years 2016 to 2019 and there is a noticeable difference in both the models from the actual 
data, Exponential data being the more accurate. When we observe figure 3, that is the 
omparison of the models with the actual for the years 2020 to 2022 and it is seen that the 

data varies significantly from the actual in both the cases, Exponential being the more 
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In the exponential model, the growth rate of each state is calculated using the 2011 
census data and performed the MATLAB code to get the predicted population for each year 
for 20 different states. When we look at the growth rate, Tamil Nadu and Kerala are at the 
lowest growth rate of 0.0068 and 0.0069 respectively whereas the highest growth rate of 

(2017- 2022) 

 

state based on the 
census data 2011 and performed the MATLAB code to get the predictions. When we 
calculate the carrying capacity, we can observe that Tamil Nadu and Kerala are at a rate of 
0.02 whereas Jammu & Kashmir has a carrying capacity of 0.03. It varies from 0.02 to 0.04 

The following figures give us a detailed picture of exponential and Logistic data 
1 shows the comparison of both the models with the 

actuals for the years 2012 to 2015 and there we can see the data is almost matching with the 
actuals in both the models, out of which exponential model is closer to the actual.  

her hand, fig 2 gives us a comparison of both the models with actuals for the 
years 2016 to 2019 and there is a noticeable difference in both the models from the actual 

3, that is the 
omparison of the models with the actual for the years 2020 to 2022 and it is seen that the 

data varies significantly from the actual in both the cases, Exponential being the more 
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Figure 1: Comparison between Exponential, Logistic

 

 
Figure 2: Comparison between Exponential, Logistic and Actual curves 

 

 
Figure 3: Comparison between Exponential, Logistic and Actual curves 
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Comparison between Exponential, Logistic and Actual Curves – 2012 

Comparison between Exponential, Logistic and Actual curves –2016

Comparison between Exponential, Logistic and Actual curves –2020
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2012 -2015 

 

2016-2019 

 

2020-2022 
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 Based on the above observations and comparative study 
predicted for the upcoming years 2023 to 2031 using both the models and is given below in 
table 3. Figure 4 and 5 give a pictorial representation of the table 3 data. It is very clear that 
logistic population prediction is on a higher side than the exponential population. 

Table 3:  Prediction of Population
 

   [Exponential Predicted (EXP-P) vs Logistic Predicted (LOGI

 

 
Figure 4: Prediction of Exponential and Logistic Population Curves 
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Based on the above observations and comparative study till 2022, the population is 
predicted for the upcoming years 2023 to 2031 using both the models and is given below in 

4 and 5 give a pictorial representation of the table 3 data. It is very clear that 
logistic population prediction is on a higher side than the exponential population. 

 
of Population – Exponential vs Logistic – 2023 -

P) vs Logistic Predicted (LOGI-P), Numbers in Thousands] 

Prediction of Exponential and Logistic Population Curves – 2023 
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till 2022, the population is 
predicted for the upcoming years 2023 to 2031 using both the models and is given below in 

4 and 5 give a pictorial representation of the table 3 data. It is very clear that 
logistic population prediction is on a higher side than the exponential population.  

- 2031 

 

 

2023 - 2026 
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Figure 5: Prediction of Exponential and Logistic Population Curves 

 
Indian Sta

Jammu 
&Kashmir 

Himachal 
Pradesh 

Punjab Haryana

JK HP PB HR

 
Jhark
hand 

Orissa Chhattisgarh Madhya 
Pradesh

JH OR CG MP
 

IV. STATISTICAL TESTS 
 

1. Chi-Square Test: Chi-Square test of independence 
exponential and logistic models separately for each year starting from 2012 till 2022. The 
null hypothesis for the test -
actual values” and the alternate hypothesis 
predicted and actual values”. The level of significance has been taken as 0.05 and degree 
of freedom is calculated as (c
freedom 19 is found to be 30.14
the overview of the chi-square values calculated per 
shows that the predicted population is very close to the actual population from 2012 to 
2016, and then from 2016 to 2022 it starts to vary significantly from the actual in the case 
of exponential model. Whereas, in the case of logistic model, from 2012 to 2014 it shows 
a match with the actual population but
from 2015 to 2022. The logistic model shows more fluctuation from the actual as 
compared to the exponential model in this research study. 
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Prediction of Exponential and Logistic Population Curves – 2027 

States Abbreviations in the Graphs 
 

Haryana Delhi Rajasthan Uttar 
Pradesh 

Bihar Assam

HR DL RJ UP BR AS 

Madhya 
Pradesh 

Gujrat Maharashtra Andhra 
Pradesh 

Karnataka Kerala

MP GJ MH AP KA KL

Square test of independence [21] has been conducted on the 
exponential and logistic models separately for each year starting from 2012 till 2022. The 

- “There is no significant difference in the predicted and the 
actual values” and the alternate hypothesis - “There is a significant difference in the 
predicted and actual values”. The level of significance has been taken as 0.05 and degree 
of freedom is calculated as (c-1) (r-1) and that is 19. The critical value for the degree of 
freedom 19 is found to be 30.14 from the chi-square table. The following table gives us 

square values calculated per year for both the models. This test 
shows that the predicted population is very close to the actual population from 2012 to 

16 to 2022 it starts to vary significantly from the actual in the case 
of exponential model. Whereas, in the case of logistic model, from 2012 to 2014 it shows 

population but starts to vary apart from the actual as we move 
to 2022. The logistic model shows more fluctuation from the actual as 

compared to the exponential model in this research study.  
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2027 - 2031 

Assam West 
Bengal 

 WB 

Kerala Tamil 
Nadu 

KL TN 

has been conducted on the 
exponential and logistic models separately for each year starting from 2012 till 2022. The 

“There is no significant difference in the predicted and the 
“There is a significant difference in the 

predicted and actual values”. The level of significance has been taken as 0.05 and degree 
1) and that is 19. The critical value for the degree of 

square table. The following table gives us 
for both the models. This test 

shows that the predicted population is very close to the actual population from 2012 to 
16 to 2022 it starts to vary significantly from the actual in the case 

of exponential model. Whereas, in the case of logistic model, from 2012 to 2014 it shows 
starts to vary apart from the actual as we move 

to 2022. The logistic model shows more fluctuation from the actual as 
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Table 4: Chi-Square Values – Exponential vs Logistic Models – 2012 - 2022 
 

Year Chi Square value 
(Exponential model) 

Chi-square value 
(Logistic model) 

Critical 
Value 

2012 1.09 4.50 30.14 
2013 3.97 10.62 
2014 8.37 21.14 
2015 14.36 35.77 
2016 22.27 54.57 
2017 39 79.47 
2018 69.59 112.19 
2019 116.13 149.33 
2020 182.14 198.19 
2021 269.41 350.99 
2022 437.67 317.92 

 
2. Mean Absolute Percentage Error Test: The Mean Absolute Percentage Error (MAPE) 

test [1] is calculated to understand the error percentage for each model. It is calculated 
using the formula (Actual – Predicted)/Actual * 100 for the years 2012 to 2022 in the case 
of both the models. The data calculated is displayed in Table 5 state wise. This table tells 
a fair idea about the correctness of the model. Exponential model produces less error as 
compared to the Logistic model.  

 
Table 5: MAPE % Values – State Wise - Exponential vs Logistic Models 

 
Indian States MAPE % (Exponential) MAPE % (Logistic) 
Jammu & Kashmir 0.73 3.18 
Himachal Pradesh 0.32 15.46 
Punjab 0.35 1.98 
Haryana 0.35 4.15 
NCT of Delhi 0.37 0.72 
Rajasthan 0.55 0.47 
Uttar Pradesh 0.50 0.13 
Bihar 0.69 1.02 
Assam 1.27 0.66 
west Bengal 0.38 0.81 
Jharkhand 0.39 1.31 
Odisha 0.33 0.28 
Chhattisgarh 0.38 0.77 
Madhya Pradesh 0.46 0.44 
Gujrat 0.26 0.16 
Maharashtra 0.33 0.79 
Andhra Pradesh 2.46 0.74 
Karnataka 0.40 0.59 
Kerala 0.34 0.77 
Tamil Nadu 0.43 1.23 
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V. FIBONACCI POPULATION GROWTH MODEL 
 
 In 1202, Leonardo Fibonacci researched the breeding of a pair of rabbits under 
specific circumstances and he recorded his observations. According to him, the predictions 
can be made based on the previous year’s population of rabbits and it follows Fibonacci 
number series in Mathematics and hence the name Fibonacci Population Growth [18]. Later 
it is observed that the human population also can be predicted using this population model.  

 
 Let X(n) and Y(n) be the no. of adults and juveniles of a hypothetical population 
with the dynamics is given by the recursive equations, X(n+1) = X(n) + Y(n), Y(n+1) = 
X(n) with X(0) = 1 and Y(0) = 0. The system of equations can be written in the form, 
X(n+1) = X(n) + X(n-1) 
 
VI.  RANDOM FOREST MODEL 
 
 There are variety of Machine Learning methods that is been used in predicting the 
data recently. Out of that, Linear regression is the most commonly used method predicting 
the population growth that has been used very often in almost all research papers. Based on 
rigorous study of research papers and comparison of machine learning methods, it has been 
observed that Random Forest method gives 95% accuracy in population prediction as 
compared to the other methods.  
 
 Random Forest [5] is an ensemble machine learning algorithm. Ensemble learning is 
a process of combining multiple classifiers to solve a complex problem and to improve the 
performance of the model. It belongs to the supervised learning technique. Random Forest is 
a classifier that contains several decision trees [7] on various subsets of the given data set 
and takes the average to improve the predictive accuracy of the data set. The advantages of 
Random Forest are it takes less training time as compared to other algorithms, it predicts the 
output with high accuracy, and it can also maintain accuracy when a large proportion of data 
is missing.  
https://www.javatpoint.com/machine-learning-random-forest-algorithm 
 
VII. COMPARISON OF ALL THE MODELS 
 
 The exponential, Logistic, Fibonacci and Random Forest models have been used 
here to predict the human population from 2012 to 2031. Here we used mathematical 
methods and calculated the projections using MATLAB programming language for the first 
three models and Python programming language for the machine learning based Random 
Forest model. Tables given below shows the projections using three models and the actual 
projection by Govt. of India census of all the 5 states. 
(https://nhm.gov.in/New_Updates_2018/Report_Population_Projection_2019.pdf) 
 
 The comparison between all four models and actual projections can be clearly seen 
in the below figures. It is observed that the actual projections and exponential model 
predictions are very close to each other and in fact in some cases they completely overlap 
with each other. Hence the future projections made are more accurate in exponential model 
than the other models.  
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Year FIB-P EXP-P LOGI-P

2023 328,443   241,240   236,860 
2024 336,543   245,050   239,860 
2025 341,865   248,930   242,840 
2026 320,073   252,870   245,810 
2027 325,138   256,870   248,750 
2028 330,286   260,940   251,680 
2029 335,516   265,070   254,580 
2030 340,822   269,260   257,470 
2031 329,673   273,520   260,320 

PREDICTED POPULATION OF 4 MODELS
UTTAR PRADESH

Year
Actual 

Population 
Projection

FIB-P EXP-P

2013      108,130 225,516   108,020 
2014      110,145 229,776   110,040 
2015      112,161 234,036   112,090 
2016      114,176 205,974   114,190 
2017      115,957 209,505   116,320 
2018      117,739 212,756   118,490 
2019      119,520 216,007   120,700 
2020      121,302 219,259   122,960 
2021      123,083 201,663   125,250 
2022      124,919 204,643   127,590 
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LOGI-P RF-P

  236,860   201,423 
  239,860   201,585 
  242,840   201,275 
  245,810   201,547 
  248,750   200,262 
  251,680   201,519 
  254,580   201,386 
  257,470   201,352 
  260,320   201,433 

PREDICTED POPULATION OF 4 MODELS

LOGI-P RF-P

  108,020   108,520   104,948 
  110,040   110,650   105,231 
  112,090   112,780   105,046 
  114,190   114,900   105,251 
  116,320   117,020   105,002 
  118,490   119,120   105,248 
  120,700   121,210   105,054 
  122,960   123,290   105,006 
  125,250   125,360   105,214 
  127,590   127,400   104,476 
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Year FIB-P EXP-P

2023 209,806   129,980   129,430 
2024 216,428   132,400   131,440 
2025 220,461   134,870   133,430 
2026 205,177   137,390   135,400 
2027 209,012   139,960   137,340 
2028 212,917   142,570   139,260 
2029 216,888   145,230   141,150 
2030 220,942   147,950   143,020 
2031 209,119   150,710   144,860 

PREDICTED POPULATION OF 4 MODELS
BIHAR

Year
Actual 

Population 
Projection

FIB-P EXP-P

2013      92,797 109,987           92,785 
2014      93,558 110,891           93,549 
2015      94,318 111,795           94,319 
2016      95,079 107,573           95,096 
2017      95,688 108,320           95,879 
2018      96,297 109,011           96,669 
2019      96,906 109,702           97,464 
2020      97,516 110,394           98,267 
2021      98,125 108,441           99,076 
2022      98,604 109,013           99,892 

PREDICTED POPULATION OF 4 MODELS
WEST BENGAL

Year FIB-P EXP-P

2023 110,828         100,710 
2024 112,152         101,540 
2025 113,079         102,380 
2026 112,787         103,220 
2027 113,714         104,070 
2028 114,653         104,930 
2029 115,595         105,790 
2030 116,545         106,660 
2031 116,981         107,540 
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LOGI-P RF-P

  129,430   105,054 
  131,440   105,092 
  133,430   104,931 
  135,400   104,481 
  137,340   104,678 
  139,260   105,008 
  141,150   105,204 
  143,020   105,229 
  144,860   105,035 

PREDICTED POPULATION OF 4 MODELS

LOGI-P RF-P

          92,785      92,914    91,597 
          93,549      93,773    91,632 
          94,319      94,630    91,635 
          95,096      95,486    91,630 
          95,879      96,339    91,615 
          96,669      97,191    91,623 
          97,464      98,040    91,692 
          98,267      98,887    91,628 
          99,076      99,731    91,630 
          99,892    100,570    91,624 

PREDICTED POPULATION OF 4 MODELS

LOGI-P RF-P

   101,410    91,413 
   102,250    91,582 
   103,080    91,707 
   103,910    91,584 
   104,730    91,568 
   105,550    91,624 
   106,370    91,635 
   107,180    91,617 
   107,990    91,630 
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Year
Actual 

Population 
Projection

FIB-P EXP-P

2013      75,099 124,415    75,034 
2014      76,334 126,483    76,267 
2015      77,570 128,550    77,520 
2016      78,806 117,859    78,794 
2017      79,948 119,659    80,089 
2018      81,090 121,382    81,405 
2019      82,232 123,104    82,743 
2020      83,374 124,827    84,103 
2021      84,516 116,584    85,485 
2022      85,548 118,092    86,889 

PREDICTED POPULATION OF 4 MODELS
MADHYAPRADESH

Year FIB-P EXP-P

2023 120,758       88,317    86,155 
2024 123,668       89,769    87,246 
2025 125,700       91,244    88,331 
2026 120,937       92,743    89,409 
2027 122,925       94,268    90,481 
2028 124,946       95,817    91,545 
2029 126,998       97,391    92,601 
2030 129,086       98,992    93,650 
2031 123,971    100,620    94,690 

PREDICTED POPULATION OF 4 MODELS
MADHYAPRADESH

Year
Actual 

Population 
Projection

FIB-P EXP-P

2013      114,915 138,199   114,870 
2014      116,186 139,734   116,140 
2015      117,456 141,268   117,430 
2016      118,727 137,309   118,730 
2017      119,869 138,686   120,040 
2018      121,001 140,004   121,370 
2019      122,153 141,333   122,710 
2020      123,295 142,663   124,070 
2021      124,437 139,376   125,440 
2022      125,410 140,527   126,830 
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LOGI-P RF-P

   75,034    75,021    72,779 
   76,267    76,145    73,327 
   77,520    77,269    72,988 
   78,794    78,390    72,871 
   80,089    79,510    72,991 
   81,405    80,627    72,881 
   82,743    81,741    72,967 
   84,103    82,851    72,978 
   85,485    83,957    72,914 
   86,889    85,058    72,816 

PREDICTED POPULATION OF 4 MODELS

LOGI-P RF-P

   86,155    72,891 
   87,246    73,308 
   88,331    72,985 
   89,409    72,878 
   90,481    72,975 
   91,545    73,161 
   92,601    72,814 
   93,650    72,926 
   94,690    73,084 

PREDICTED POPULATION OF 4 MODELS
MADHYAPRADESH

LOGI-P RF-P

  114,870   114,370   112,935 
  116,140   115,480   112,992 
  117,430   116,590   112,793 
  118,730   117,690   112,860 
  120,040   118,800   112,553 
  121,370   119,900   112,855 
  122,710   121,000   112,859 
  124,070   122,100   112,853 
  125,440   123,190   112,830 
  126,830   124,280   112,846 
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 When we compare all the above models, we observe that exponential model gives a 
more accurate prediction as compared to the other models. 
comparison based on the behaviour of 
 

Sl.no Properties Exponential

1 Model 
Behavior 

Population 
will show an 
increasing 
trend 

2 Accuracy Very good
3 Reliability Reliable 

 
 Based on my two studies as described above, exponential models always give a more 
accurate and reliable prediction and hence can be considered as the best model. 
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When we compare all the above models, we observe that exponential model gives a 
more accurate prediction as compared to the other models. The below Table shows a 
comparison based on the behaviour of all the models.  

Exponential Logistic Fibonacci Random Forest 
(ML model)

Population 
will show an 
increasing 

It shows 
increasing 
and 
decreasing 
trends 

It depends on 
the previous 
year 
population 

It is a random 
generated method 
and so behavior 
changes 
randomly.

Very good Pretty good Not so good It is good
 Reliable Not reliable Reliable to an 

extent 

Based on my two studies as described above, exponential models always give a more 
accurate and reliable prediction and hence can be considered as the best model.  
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(ML model) 
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generated method 
and so behavior 
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