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Abstract  

This study showcases a novel insight into the growth rate of Bangladeshi, 

Indian, and Nepali people, focusing on historical population patterns, contemporary 

demographic trends, and future population projections. Asia, home to over 4.5 billion 

people, accounts for approximately 70% of the global population, with Bangladesh, 

India, and Nepal being the most populous countries in South Asia. To facilitate chances 

for more significant policymaking in these nations, this study will examine the growth 

rate and its effects in the years to come. The demographic shifts in Bangladesh are 

creating new economic opportunities, with insights that can guide policymakers in 

refining population strategies, which are also relevant to India and Nepal. This study 

thoroughly assesses the precision and relevance of five mathematical models, e.g., the 

least squares model, Malthusian (exponential growth) model, logistic growth model, 

hyperbolic growth model, and discrete logistic growth model, in forecasting 

demographic changes in Bangladesh, India, and Nepal from 1950 to 2100. 

Furthermore, the study offers a speculative analysis of how these countries have 

previously handled population growth and the strategies they may adopt in the future. 

Keywords: Bangladesh, Growth Rate Comparison, India, Mean Absolute Percentage 

Error, Nepal, South Asian Countries. 

Ⅰ.   Introduction 

A population consists of individuals of the same species separated from other 

groups by distance or time. Even in close proximity, populations may exhibit genetic 
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variations over time, known as clinal variation. Population models are mathematical 

frameworks that connect individual responses to changes in population density and 

structure, often referred to as life history features or vital rates. These models enhance 

ecological risk assessment by reducing uncertainty when extrapolating significant 

ecological impacts from sub-organism or individual-level data. Predictive algorithms 

increasingly rely on population models to forecast trends. Globally, population 

dynamics are critical, with an annual growth of approximately 80 million people, 

projected to continue without intervention. This growth influences economics, politics, 

culture, education, ecology, and natural resource prices. In high-density regions like 

Bangladesh, India, and Nepal, population growth outpaces resource development, 

posing significant challenges. Mathematical modeling, including exponential, logistic, 

hyperbolic, and linear regression models, is essential for predicting future population 

trends and addressing historical demographic questions. 

Extensive research has explored population dynamics in Bangladesh, India, and Nepal, 

with figures on national and global scales. Organizations like the Population Reference 

Bureau, Census Bureau, United Nations Population Fund, and World Bank maintain 

global population databases, while the Bangladesh Bureau of Statistics tracks national 

demographic data. Studies such as Rifat Zahan (2020) [I] analyze socio-demographic 

shifts in Bangladesh, highlighting fertility declines and changing age structures. 

Mazharul (2016) [II] discusses Bangladesh’s demographic transition, noting economic 

opportunities and policy challenges from a temporary “window of opportunity” 

peaking in the 2020s. Pinakee et al. (2023) [III] evaluate population growth models for 

Bangladesh and Sri Lanka, finding logistic and regression models most accurate for 

2000–2022 projections. The aforementioned authors have similarly distinguished 

themselves in T‑cell therapy through the implementation of the techniques presented 

in this literature.[IV], [V], [VI] Rezaul et al. (2024) [VII] examine Bangladesh’s 

demographic transition, emphasizing policy implications and economic prospects. 

Furthermore, seminal studies in population dynamics have been incorporated to bolster 

the analytical framework. These authoritative references underpin parameter 

calibration and validate model outcomes, thereby enhancing the study’s overall 

reliability and accuracy.[VIII], [IX], [X], [XI] Research also covers India and Nepal, 

where rapid population growth (0.88% and 0.86% annually, respectively) strains 

resources. Mathematical models, including exponential, logistic, and hyperbolic 

growth, are widely used to forecast population trends and assess environmental and 

societal impacts. 

This study employs various mathematical population models, including exponential, 

logistic, hyperbolic, and linear regression, to analyze and forecast population growth 

in Bangladesh, India, and Nepal. Historical demographic data from national censuses, 

surveys, and global databases (e.g., United Nations Population Division) are analyzed 

to understand variable behaviors. These data inform model parameters, such as growth 

rates, carrying capacities, and dependency ratios. The exponential model assumes 

uncontrolled growth, while the logistic model accounts for carrying capacity 

constraints. Hyperbolic growth models historical demographic and economic trends, 

and linear regression establishes relationships between variables. Model outputs are 

compared to historical data (2000–2022) to assess accuracy and used to project future 

population metrics. 
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While many studies have independently assessed population dynamics and modeling 

in Bangladesh, India, and Nepal, few have provided a comparative analysis using 

multiple mathematical models across these three neighboring countries with shared 

socio-economic and geopolitical ties. This study uniquely integrates logistic, 

exponential, hyperbolic, and linear regression models to forecast and compare the 

demographic trajectories of these countries. By doing so, it highlights both the regional 

similarities and disparities in population growth patterns and resource constraints. The 

study also emphasizes the application of discrete and continuous forms of these models, 

showcasing their practical relevance in predicting population pressure on land and 

resources. Furthermore, it critically examines the implications of population growth on 

carrying capacity, adaptation, and sustainability. 

Population growth in Bangladesh, India, and Nepal presents significant challenges and 

opportunities, necessitating precise mathematical modeling for effective planning. By 

utilizing exponential, logistic, hyperbolic, and linear regression models, this study 

seeks to provide accurate forecasting results, facilitating predictions of future 

population density. These insights can guide policymakers in leveraging the 

demographic dividend through strategic investments in infrastructure and human 

resources. The comparative analysis of multiple models enhances the robustness of 

projections, offering a valuable tool for addressing the complex dynamics of population 

growth in these densely populated regions. 

Ⅱ.   Methods and materials 

This research investigates the challenges, future hurdles, and opportunities 

associated with population growth and adaptation, influenced by chaotic demographic 

patterns across generational phases. Drawing on secondary data, projection analysis, 

and population models [XII], [XIII], [XIV], it integrates government reports, academic 

journals, and case studies [XV]. Major challenges include costly censuses, erratic 

population changes, and inconsistent data. Emerging obstacles encompass modeling 

non-linear dynamics and tackling global data inequities. Opportunities include 

applying interdisciplinary insights to urban planning and sustainability, and fostering 

global data cooperation. High costs render annual censuses unfeasible, underscoring 

the need for advanced modeling to refine demographic projections. 

Ⅲ.   Implementation 

This research applies mathematical models to population dynamics, using 

logistic growth, Malthusian, and least squares models to create population projections. 

Malthusian Model or Exponential Model: 

Exponential growth describes a rapid, unchecked population increase, rare in 

nature[16]. Proposed by Thomas R. Malthus, this model, reviewed in [XVII], [XVIII]. 

Assuming the population 𝑁 at time 𝑡1 from an initial population 𝑃0 at 𝑡0 , use an 

inherent growth rate λ. The articulation of the Malthusian growth model is as follows: 

𝑃(𝑡) = 𝑃0𝑒𝜆(𝑡−𝑡0)        (1) 
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Fig. 1. Malthusian growth model. 

Hyperbolic Growth Model 

A compelling approach, often termed the hyperbolic growth model, posits that k is 

proportional to P. This reflects scenarios where larger populations signal favorable 

economic or social conditions, spurring higher birth rates and accelerating population 

growth. The resulting hyperbolic growth model is expressed as:   

𝑝(𝑡) =
𝑝0

1−𝑘(𝑡−𝑡0)
        (2) 

where 𝑃0 is the initial population and 𝑡0 is the reference time, capturing the dynamic 

interplay between population size and growth rate. 

 

Fig. 2. Hyperbolic growth model. 

Logistic Growth Model 

In 1838, Belgian mathematician Pierre Verhulst pioneered the logistic model, revealing 

how population growth depends on its size and proximity to a fluid, uncertain carrying 

capacity [XIX]. The sigmoid logistic curve depicts growth as initially exponential, then 

tapering off as it approaches an environmentally imposed ceiling [XX], expressed as:   

𝑁(𝑡) =
𝐾𝑁0

𝑁0+(𝐾−𝑁0)𝑒𝛼(𝑡0−𝑡)       (3) 

Where the carrying capacity is 

𝐾 =
𝛼

𝛽
=

𝑁1(𝑁0𝑁1−2𝑁0𝑁2+𝑁1𝑁2)

𝑁1
2−𝑁0𝑁2

       (4) 
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and the population coefficient is 

𝛼 =
1

𝑡0−𝑡1
𝑙𝑛

𝑁0(𝑁2−𝑁1)

𝑁2(𝑁1−𝑁0)
        (5) 

 

Fig. 3. Logistic growth model 

Discrete Logistic Growth Model 

Population dynamics often model growth using iterative equations. Let 𝑃𝑡 and 𝑃𝑡+1 

represent populations at times 𝑡 and 𝑡 + 1.  One such model, sometimes referred to as 

the Verhulst process, has a general form: 

𝑃𝑡+1 = 𝑟 𝑃𝑡(1 −
𝑃𝑡

𝐾
);    𝑟 > 0, 𝐾 > 0,     (6) 

which is a kind of discrete analog of the continuous logistic growth model.  

For this model, if   𝑃𝑡 > 𝐾 then   𝑃𝑡+1 < 0. One such frequently used model is  

𝑃𝑡+1 = 𝑃𝑡 𝑒𝑥𝑝 [𝑟 (1 −  
𝑃𝑡

𝑘
)] ;    𝑟 > 0, 𝑘 > 0,     (7) 

where 𝑒𝑥𝑝 (
−𝑟𝑃𝑡

𝐾
)  is a mortality factor. In this case, if 𝑃0 > 0, then   𝑃𝑡> 0 for all t.  

 

Fig. 4. Discrete Logistic Growth Models 

Least Square Model 

Linear regression predicts a linear connection between Y (dependent variable) and X 

(independent variable). The least squares model predicts time-series data values using 
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prior trends [XXI], which matches historical data with a straight line. The regression 

equation is: 

𝑌 = 𝑎 + 𝑏𝑋,        (8) 

Where 𝑎 is the intercept and 𝑏 is the slope(gradient). The parameters are calculated as: 

𝑎 =
∑ 𝑌

𝑁
     &  𝑏 =

∑ 𝑋𝑌

𝑋2   

With equations: 

∑ 𝑌 = 𝑁𝑎 + 𝑏 ∑ 𝑋        (9) 

∑ 𝑋𝑌 = 𝑎 ∑ 𝑋 + 𝑏 ∑ 𝑋2       (10) 

where,  

∑ 𝑋 = 𝑇ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑎𝑙𝑙 𝑋 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛  

∑ 𝑌 = 𝑇𝑜𝑡𝑎𝑙 𝑌 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠  

∑ 𝑋𝑌 = 𝑇ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑎𝑙𝑙 𝑋 𝑎𝑛𝑑 𝑌 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠  

𝑁 = 𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛𝑠  

By solving equations (9) and (10), the values for 𝑎 and 𝑏 may be inserted into equation 

(8) to create a regression line that predicts 𝑌 values for any 𝑋 value. 

 

Fig. 5. Least Square Models 

Calculation of different models and adaptation: 

We analyzed the populations of Bangladesh, India, and Nepal using the Verhulst 

logistic, Hyperbolic, Discrete logistic, Malthusian, and Least Squares models, 

alongside a demographic adaptation. Our study focused on census data from 1950 to 

2020 for these countries. 

Table 1: The Actual population of Bangladesh 

Year Actual Population(million) Density Growth rate 

1950 39.72 268.48 2.05% 

1955 44.31 299.48 2.39% 

1960 50.39 340.57 2.84% 

1965 58.5 395.33 3.04% 
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1970 67.54 456.43 2.54% 

1975 74.7 504.81 2.40% 

1980 83.92 567.18 2.47% 

1985 95.95 648.47 2.59% 

1990 107.14 724.08 2.15% 

1995 117.79 796.02 1.88% 

2000 129.19 873.06 1.92% 

2005 140.91 952.26 1.53% 

2010 148.39 1002.80 1.15% 

2015 157.83 1066.58 1.20% 

2020 167.42 1131.40 1.15% 

Source: https://worldpopulationreview.com/countries/bangladesh-population 

Table 1 shows Bangladesh’s actual population, density, and growth rate from 1950 to 2020, 

with a population of 39.72 million in 1950. 

Table 2: The Actual population of India 

Year Actual Population(million) Density Growth rate 

1950 357.02 108.61 2.20% 

1955 398.57 121.25 2.27% 

1960 445.95 135.66 2.31% 

1965 500.11 152.14 2.26% 

1970 557.5 169.59 2.23% 

1975 623.52 189.68 2.26% 

1980 696.82 211.98 2.29% 

1985 780.24 237.35 2.27% 

1990 870.45 264.80  2.16% 

1995 964.27 293.34 2.01% 

2000 1059.63 322.35 1.84% 

2005 1154.63 351.25 1.62% 

2010 1240.61 377.40  1.39% 

2015 1322.86 402.42 1.19% 

2020 1396.38 424.79 0.96% 

Source: https://worldpopulationreview.com/countries/india-population 

https://worldpopulationreview.com/countries/bangladesh-population
https://worldpopulationreview.com/countries/india-population
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Table 2 shows India’s actual population, density, and growth rate from 1950 to 2020, 

with a population of 357.02 million in 1950. 

Table 3: The Actual population of Nepal 

Year Actual Population(million) Density Growth rate 

1950 8.39 57.07 2.20% 

1955 9.28 63.09 1.91% 

1960 10.16 69.09 1.88% 

1965 11.23 76.32 2.09% 

1970 12.5 84.94 2.20% 

1975 13.92 94.62 2.20% 

1980 15.6 106.00  2.37% 

1985 17.54 119.18 2.33% 

1990 19.61 133.28 2.46% 

1995 22.3 151.55 2.34% 

2000 24.55 166.87 1.72% 

2005 26.28 178.59 1.08% 

2010 27.16 184.55 0.50% 

2015 27.61 187.60  0.54% 

2020 29.34 199.41 1.79% 

Source: https://worldpopulationreview.com/countries/nepal-population 

Table 3 shows Nepal’s actual population, density, and growth rate from 1950 to 2020, with a 

population of 8.39 million in 1950. Now, referencing data from Table 1, Table 2, and Table 3, 

we calculated the growth rates, carrying capacity for Bangladesh, India, and Nepal using 

diverse methods. 

Malthusian model or exponential model: 

For Bangladesh,   𝜆 = 0.02055215409 

For India,    𝜆 = 0.01948352357 

For Nepal,    𝜆 = 0.01788444646 

Therefore, the required output for Bangladesh, India, and Nepal is, respectively, 

𝑃(𝑡) = 39.72 𝑒0.02055215409(𝑡−1950) 

𝑃(𝑡) = 357.02 𝑒0.01948352357(𝑡−1950) 

𝑃(𝑡) = 8.39 𝑒0.01788444646(𝑡−1950) 

 

https://worldpopulationreview.com/countries/nepal-population
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Hyperbolic growth model: 

For Bangladesh,   𝑘 = 0.01089646228 

For India,    𝑘 = 0.01063320873 

For Nepal,   𝑘 = 0.01020060376 

Therefore, the required output for Bangladesh, India, and Nepal is, respectively. 

𝑃(𝑡) =
39.72

1−0.01089646228(𝑡−1950)
  

 𝑃(𝑡) =
357.02

1−0.01063320873(𝑡−1950)
 

𝑃(𝑡) =
8.39

1−0.01020060376(𝑡−1950)
  

Logistic growth model: 

The carrying capacity for Bangladesh is K=246.782, and the growth rate is 

α=0.03425209792.  

The carrying capacity for India is K = 2625.846, and the expansion rate is α = 

0.02883734735.  

The carrying capacity for Nepal is K = 48.3389, and the expansion rate is α = 

0.0285018742.  

Therefore, the general answers for Bangladesh, India, and Nepal are as follows: 

N(t) =
246.782∗39.72 

39.72+(246.782−39.72) ⅇ0.03425209792(1950−t)  

N(t) =
 2625.846∗357.02  

357.02+(2625.846−375.02) ⅇ0.02883734735(1950−t)  

N(t) =
48.3389∗8.39  

8.39+(48.3389−8.39) ⅇ0.02850187429(1950−t)  

Discrete Logistic growth model: 

The carrying capacity for Bangladesh is K = 246.782, and the growth rate is 𝑟 =
 0.1377886683 

The carrying capacity for India is K = 2625.846, and the growth rate is 𝑟 =
 0.0.1346934708 

The carrying capacity for Nepal is K = 48.3389, and the growth rate is 𝑟 =
 0.1283571258 

Therefore, the general answers for Bangladesh, India, and Nepal are as follows: 

pt+1 = pt + 0.1377886683 pt (1 −
pt

246.782
)  

pt+1 = pt + 0.0.1346934708 pt (1 −
pt

2625.846
)  

pt+1 = pt + 0.1283571258 pt (1 −
pt

48.3389
)  
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Least Square Model: 

According to Tables 1, 2, and 3, the number of observations is N=15, and using 

equations (9) and (10), we get the values of a and b. 

For Bangladesh 𝑎 = −3713.24681 and 𝑏 = 1.920486 

For India 𝑎 = −30047.96419 and 𝑏 = 15.552914 

For Nepal 𝑎 = −632.077298 and 𝑏 = 0.327679 

Therefore, the general answers for Bangladesh, India, and Nepal are as follows: 

𝑌 =  − 3713.24.24681 + 1.920486𝑋  

𝑌 =  − 30047.96419 + 15.552914𝑋  

𝑌 =  − 632.077298 +  0.327679𝑋  

This is the general solution of the Least Squares Model for Bangladesh, India, and 

Nepal. Utilizing X values of 1, 2, 3, 4, etc., to get the Y population. Utilizing the 

general solution, we compute the populations of three nations from 1950 to 2100, as 

shown in Tables 4 through 9. 
 

Table 4: The projected population of Bangladesh 

Year 
Exponential 

Model 

Hyperbolic 

Model 

Logistic 

Model 

Discrete 

Logistic 

Model 

Linear 

Regression 

Model 

1950  39.72  39.72   39.72   39.72   32.29  

1955  44.02  42.01   45.76   44.31   41.81  

1960  48.78  44.58   52.49   49.32   51.32  

1965  54.06  47.48   59.92   54.76   60.84  

1970  59.91  50.79   68.03   60.63   70.36  

1975  66.40  54.59   76.78   66.93   79.88  

1980  73.58  59.01   86.12   73.65   89.40  

1985  81.55  64.21   95.95   80.77   98.92  

1990  90.37  70.41   106.16   88.26   108.44  

1995  100.15  77.93   116.62   96.07   117.95  

2000  110.99  87.26   127.18   104.16   127.47  

2005  123.00  99.13   137.68   112.45   136.99  

2010  136.32  114.73   147.98   120.88   146.51  

2015  151.07  136.15   157.93   129.38   156.03  

2020  167.42  167.42   167.42   137.86   165.55  
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The visualization of this table is given in the following figure. 

 
Fig. 6. Projected population of Bangladesh 

Table 4 shows population projections for Bangladesh from 1950 to 2020 are presented 

using five models, e.g., Exponential, Hyperbolic, Logistic, Discrete Logistic, and 

Linear Regression. While the Logistic and Hyperbolic models align closely, the Linear 

Regression model predicts consistently higher values, reaching 165.55 million by 2020, 

slightly trailing the 167.42 million projected by the Logistic and Hyperbolic models. 

Table 5: The projected population of India 

Year 
Exponential 

Model 

Hyperbolic 

Model 

Logistic 

Model 

Discrete 

Logistic 

Model 

Linear 

Regression 

Model 

1950  357.02  357.02   357.02   357.02   280.22  

1955  393.55  377.07   403.88   398.57   357.98  

1960  433.82  399.50   455.65   444.11   435.75  

1965  478.21  424.77   512.53   493.81   513.51  

1970  527.14  453.45   574.62   547.81   591.28  

1975  581.08  486.29   641.96   606.20   669.04  

1980  640.53  524.26   714.43   669.01   746.81  

1985  706.07  568.65   791.83   736.16   824.57  

1990  778.32  621.26   873.77   807.52   902.33  

1995  857.95  684.59   959.76   882.83   980.10  

2000  945.74  762.31   1,049.15   961.77   1,057.86  

2005  1,042.51  859.93   1,141.15   1,043.86   1,135.63  

2010  1,149.18  986.22   1,234.91   1,128.57   1,213.39  

2015  1,266.76  1156.00   1,329.47   1,215.25   1,291.16  

2020  1,396.38  1396.38   1,423.85   1,303.18   1,368.92  

 

 

 



 

 

 

 

 

J. Mech. Cont.& Math. Sci., Vol.-20, No.- 10, October (2025)  pp 174-199 

Anish Kumar Adhikary et al 

 

 

185 

 

The visualization of this table is given in the following figure. 

 
Fig. 7. Projected population of India 

Table 5 population projections for the selected region (1950-2020) across five models 

reveal differing growth trends. The Exponential and Hyperbolic models align at 

1,396.38 million, while the Logistic model forecasts 1,423.85 million. The Discrete 

Logistic model estimates 1,303.18 million, and the Linear Regression model predicts 

1,368.92 million, showing consistent growth over time. 

Table 6: The projected population of Nepal 

Year 
Exponential 

Model 

Hyperbolic 

Model 

Logistic 

Model 

Discrete 

Logistic 

Model 

Linear Regression 

Model 

1950  8.39  8.39   8.39   8.39   6.89  

1955  9.17  8.84   9.43   9.28   8.53  

1960  10.03  9.34   10.55   10.24   10.17  

1965  10.97  9.91   11.78   11.28   11.81  

1970  12.00  10.54   13.09   12.39   13.44  

1975  13.12  11.26   14.50   13.57   15.08  

1980  14.35  12.09   15.98   14.82   16.72  

1985  15.69  13.05   17.54   16.14   18.36  

1990  17.16  14.17   19.16   17.52   20.00  

1995  18.76  15.51   20.83   18.96   21.64  

2000  20.52  17.12   22.54   20.44   23.27  

2005  22.44  19.11   24.26   21.95   24.91  

2010  24.54  21.63   25.97   23.49   26.55  

2015  26.83  24.90   27.68   25.04   28.19  

2020  29.34  29.34   29.34   26.59   29.83  
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The visualization of this table is given in the following figure. 

 
Fig. 8. Projected population of Nepal 

Table 6 population projections for the region (1950-2020) across five models show 

varied growth trends. The Exponential, Hyperbolic, and Logistic models converge at 

29.34 million by 2020, while the Discrete Logistic model estimates 26.59 million. The 

Linear Regression model forecasts the highest at 29.83 million, indicating steady 

growth. 

Table 7: The projected future population of Bangladesh 

Year 
Exponential 

Model 

Logistic 

Model 

Discrete 

Logistic 

Model 

Linear 

Regression 

Model 

2025  185.54   176.35   146.25   175.07  

2030  205.62   184.64   154.46   184.58  

2035  227.87   192.26   162.42   194.10  

2040  252.53   199.19   170.07   203.62  

2045  279.87   205.42   177.35   213.14  

2050  310.15   210.99   184.23   222.66  

2055  343.72   215.92   190.66   232.18  

2060  380.92   220.25   196.64   241.70  

2065  422.15   224.04   202.14   251.21  

2070  467.83   227.34   207.18   260.73  

2075  518.47   230.20   211.76   270.25  

2080  574.58   232.66   215.90   279.77  

2085  636.76   234.77   219.62   289.29  

2090  705.68   236.58   222.95   298.81  

2095  782.05   238.13   225.92   308.32  

2100 866.68 239.45 228.55 317.84 
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The visualization of this table is given in the following figure. 

 
Fig. 9. Projected future population of Bangladesh 

The population projections for the region from 2025 to 2100 across four models, 

Exponential, Logistic, Discrete Logistic, and Linear Regression, indicate steady 

growth. The Exponential model shows the highest population, reaching 866.68 million 

by 2100, while the Logistic model forecasts 239.45 million. The Discrete Logistic 

model predicts 228.55 million, and the Linear Regression model estimates 317.84 

million by 2100. Each model reflects consistent upward trends over the decades. 

In 1970, Bangladesh's growth rate was 2.54%. According to the population models, the 

growth rates for Malthus, hyperbolic growth, logistic, discrete logistic, and least 

squares models were 2.02%, 3.12%, 2.79%, 3.54%, and 3.92%, respectively, with the 

logistic model providing the closest estimate. From 1990 to 2020, Bangladesh's actual 

growth rates were 2.23%, 1.04%, and 1.15%, while the closest figures from the models 

were 2.12%, 1.40%, and 1.08%. Initially, the growth rate increased rapidly but 

gradually declined over time. When comparing actual population growth rates for 

1970, 1990, 2010, and 2020 to the population model, the observed rates were 2.72%, 

3.52%, 2.20%, and 1.75%, while the model’s closest rates were 2.70%, 2.84%, 2.20%, 

and 1.85%. These comparisons reflect the initial rapid growth followed by a gradual 

slowdown over time. 

Table 8: The projected future population of India 

Year 
Exponential 

Model 

Logistic 

Model 

Discrete 

Logistic 

Model 

Linear 

Regression 

Model 

2025  1,539.26   1,517.10   1,391.60   1,446.69  

2030  1,696.76   1,608.29   1,479.70   1,524.45  

2035  1,870.37   1,696.56   1,566.69   1,602.22  

2040  2,061.75   1,781.21   1,651.81   1,679.98  

2045  2,272.71   1,861.61   1,734.34   1,757.74  

2050  2,505.25   1,937.32   1,813.65   1,835.51  

2055  2,761.59   2,008.02   1,889.21   1,913.27  

2060  3,044.16   2,073.53   1,960.60   1,991.04  
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2065  3,355.64   2,133.79   2,027.50   2,068.80  

2070  3,698.99   2,188.87   2,089.73   2,146.57  

2075  4,077.47   2,238.90   2,147.20   2,224.33  

2080  4,494.68   2,284.09   2,199.92   2,302.10  

2085  4,954.58   2,324.72   2,247.98   2,379.86  

2090  5,461.53   2,361.07   2,291.55   2,457.63  

2095  6,020.36   2,393.48   2,330.85   2,535.39  

2100 6636.36 2422.26 2366.11 2613.15 

 

The visualization of this table is given in the following figure. 

 
Fig. 10. Projected future population of India 

The population projections for the region from 2025 to 2100 across four models, 

Exponential, Logistic, Discrete Logistic, and Linear Regression, indicate substantial 

growth. The Exponential model forecasts the highest population, reaching 6,636.36 

million by 2100. The Logistic model predicts 2,422.26 million, while the Discrete 

Logistic model estimates 2,366.11 million. The Linear Regression model anticipates 

2,613.15 million, with all models showing consistent growth throughout the decades. 

 

Table 9: The projected future population of Nepal 

Year 
Exponential 

Model 

Logistic 

Model 

Discrete 

Logistic 

Model 

Linear 

Regression 

Model 

2025  32.08   30.96   28.12   31.47  

2030  35.09   32.51   29.63   33.10  

2035  38.37   33.99   31.10   34.74  

2040  41.96   35.38   32.53   36.38  

2045  45.88   36.69   33.89   38.02  
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2050  50.17   37.90   35.19   39.66  

2055  54.87   39.02   36.42   41.30  

2060  60.00   40.05   37.57   42.94  

2065  65.61   40.98   38.65   44.57  

2070  71.75   41.83   39.64   46.21  

2075  78.46   42.59   40.56   47.85  

2080  85.80   43.27   41.40   49.49  

2085  93.83   43.88   42.16   51.13  

2090  102.60   44.43   42.85   52.77  

2095  112.20   44.91   43.48   54.40  

2100 122.69 45.33 44.03 56.04 

The visualization of this table is given in the following figure. 

 
Fig. 11. Projected future population of Nepal 

The population projections for the region from 2025 to 2100 across four models, 

Exponential, Logistic, Discrete Logistic, and Linear Regression, indicate steady 

growth. The Exponential model predicts the highest population, reaching 122.69 

million by 2100. The Logistic model estimates 45.33 million, while the Discrete 

Logistic model forecasts 44.03 million. The Linear Regression model projects 56.04 

million by 2100, with all models showing a consistent increase over the years. Figures 

9, 10, and 11 also illustrate the projected population of the three nations. 

Table 10: Mean Absolute Percentage Error (Population model) [MAPE] 

 

Exponentia

l Model 

Hyperbolic 

Model 

Logistic 

Model 

Discrete 

Logistic 

Model 

Linear 

Regression 

Model 

Bangladesh 8.73% 21.11% 1.47% 12.47% 3.99% 

India 6.12% 17.85% 1.46% 4.94% 5.1% 

Nepal 6.99% 16.89% 3.40% 7.24% 5.35% 
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The visualization of this table is given in the following figure. 

 
Fig. 12. Mean Absolute Percentage Error (Population model) 

To check how accurate the mathematical models are, we look at the population 

numbers we calculated for both countries using the MAPE (Mean Absolute Percentage 

Error) from 1950 to 2020, as shown in Table 10 (Fig.12). 

• Bangladesh: The MAPE for Bangladesh is 8.73% for the Malthusian model, 

1.47% for the Logistic model, 21.11% for the Hyperbolic growth model, 

12.47% for the Discrete Logistic growth model, and 3.99% for the Least 

Squares model. This suggests that the Logistic model has the lowest error, 

making it the most suitable for projecting Bangladesh's population. 

• India: For India's population from 1950 to 2020, the MAPE values are 6.12% 

for the Malthusian model, 1.46% for the Logistic model, 17.85% for the 

Hyperbolic growth model, 4.94% for the Discrete Logistic growth model, and 

5.10% for the Least Squares model. 

• Nepal: For Nepal, the MAPE from 1950 to 2020 shows 6.99% for the 

Malthusian model, 3.40% for the Logistic model, 16.88% for the Hyperbolic 

growth model, 4.24% for the Discrete Logistic growth model, and 5.35% for 

the Least Squares model. 

In conclusion, the Logistic model demonstrates greater accuracy compared to the other 

four models. 

Table 11: Showing the  Sum of Squared Error (SSE) in population growth in 

Bangladesh 

Year 
Actual 

Population 

Exponential 

Model (SSE) 

Hyperbolic 

Model 

(SSE) 

Logistic 

Model 

(SSE) 

Discrete 

Logistic 

Model 

(SSE) 

Linear 

Regression 

Model 

(SSE) 

1950 39.72 0.0000 0.0000 0.0000 0.0000 55.3249 

1955 44.31 0.0841 5.2921 2.1025 0.0000 6.2500 

1960 50.39 2.5921 33.6241 4.3684 1.1449 0.8836 

1965 58.50 19.7136 121.0004 2.0164 14.0676 5.4756 
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Year 
Actual 

Population 

Exponential 

Model (SSE) 

Hyperbolic 

Model 

(SSE) 

Logistic 

Model 

(SSE) 

Discrete 

Logistic 

Model 

(SSE) 

Linear 

Regression 

Model 

(SSE) 

1970 67.54 58.2169 282.2401 0.2401 47.9071 7.9524 

1975 74.70 68.8900 404.4481 4.3569 60.0169 26.8944 

1980 83.92 106.6276 620.0641 4.8400 105.7689 29.9524 

1985 95.95 205.4400 1017.9076 0.0000 230.4964 7.9249 

1990 107.14 282.0676 1341.7729 0.9604 355.5556 1.6900 

1995 117.79 311.5969 1589.3764 1.3681 472.3924 0.0256 

2000 129.19 330.2761 1765.8277 4.0369 628.5129 2.9584 

2005 140.91 316.8481 1746.0096 10.3689 808.7044 15.4248 

2010 148.39 146.8321 1135.4884 0.1681 760.8001 3.5328 

2015 157.83 45.7969 469.4769 0.0100 808.5121 3.2400 

2020 167.42 0.0000 0.0000 0.0000 870.5796 3.4969 

 

 

Fig. 13. Indicated a higher increase in population projection for Bangladesh SSE for 

the Exponential Model, Hyperbolic Model, Logistic Model, Discrete Logistic Model, 

and Linear Regression Model 

Table 12: Showing the Root Mean Square Error (RMSE) population rate  in Bangladesh 

Model Total SSE MSE (SSE/15) RMSE (√MSE) 

Exponential Model 1894.99 126.33 11.24 

Hyperbolic Model 11831.43 788.76 28.08 

Logistic Model 35.89 2.39 1.55 

Discrete Logistic Model 4463.46 297.56 17.25 

Linear Regression Model 169.03 11.27 3.36 

0%100%
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5

SSE  IN  B ANGLADESH

Linear Regression Model (SSE)

Discrete Logistic Model (SSE)

Logistic Model (SSE)

Hyperbolic Model (SSE)
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Fig. 14. Indicated a higher increase in population projection Bangladesh MSE for the 

Exponential Model, Hyperbolic Model, Logistic Model, Discrete Logistic Model, and 

Linear Regression Model 

Table 14: Showing the  Sum of Squared Error (SSE) in population growth in India 

Year 
Actual 

Population 

Exponential 

Model (SSE) 

Hyperbolic 

Model (SSE) 

Logistic 

Model 

(SSE) 

Discrete 

Logistic 

Model 

(SSE) 

Linear 

Regression 

Model (SSE) 

1950 357.02 0.00 0.00 0.00 0.00 5892.64 

1955 398.57 25.20 466.24 28.96 0.00 1643.24 

1960 445.95 147.74 2162.10 94.24 3.38 104.04 

1965 500.11 478.36 5675.05 153.02 39.50 179.44 

1970 557.50 918.30 10898.02 294.74 93.82 1142.59 

1975 623.52 1790.86 18819.41 182.00 299.06 2917.60 

1980 696.82 3130.20 29556.02 0.05 771.36 232.96 

1985 780.24 5472.96 44974.22 0.16 1955.19 2080.56 

1990 870.45 7921.66 70197.56 0.04 385.18 90.89 

1995 964.27 4421.50 68447.90 0.16 19.67 0.06 

2000 1059.63 1282.42 108249.40 0.01 615.60 4.53 

2005 1154.63 124.34 123352.28 0.01 119.56 3.64 

2010 1240.61 78.26 217057.14 2.38 125.31 524.53 

2015 1322.86 189.74 63544.00 44.04 9.01 466.11 

2020 1396.38 0.00 0.00 756.36 85.41 774.42 
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Fig. 15. Indicated a higher increase in population projection India SSE for the 

Exponential Model, Hyperbolic Model, Logistic Model, Discrete Logistic Model, and 

Linear Regression Model 

Table 15: Showing the Root Mean Square Error (RMSE) population rate  in India 

Model Total SSE MSE (SSE/15) RMSE (√MSE) 

Exponential Model 27219.06 1814.60 42.61 

Hyperbolic Model 869256.99 57950.47 240.80 

Logistic Model 1584.60 105.64 10.28 

Discrete Logistic Model 5122.74 341.52 18.48 

Linear Regression Model 14753.33 983.56 31.38 

 

Fig. 16. Indicated a higher increase in population projection India SSE for the 

Exponential Model, Hyperbolic Model, Logistic Model, Discrete Logistic Model, and 

Linear Regression Model 
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Table 16: Showing the  Sum of Square Error (SSE) in population growth in Nepal 

Year 
Actual 

Population 

Exponential 

Model (SSE) 

Hyperbolic 

Model (SSE) 

Logistic 

Model 

(SSE) 

Discrete 

Logistic 

Model 

(SSE) 

Linear 

Regression 

Model (SSE) 

1950 8.39 0.00 0.00 0.00 0.00 2.50 

1955 9.28 0.0121 0.1936 0.0225 0.00 0.5625 

1960 10.16 0.0169 0.6724 0.1521 0.0064 0.0001 

1965 11.23 0.0676 1.7681 0.3025 0.0025 0.3364 

1970 12.50 0.25 3.8416 2.5921 0.0121 0.8836 

1975 13.92 0.064 6.9124 2.4964 0.0121 1.3456 

1980 15.60 1.5625 12.3121 0.0016 0.0324 1.2544 

1985 17.54 3.4225 20.0025 0.00 0.1600 0.6724 

1990 19.61 6.0025 30.0256 0.2116 4.3564 0.1521 

1995 22.30 12.5449 44.7601 2.2809 1.7956 0.1156 

2000 24.55 16.3844 55.3924 3.9604 4.4544 0.0004 

2005 26.28 15.0624 50.5441 4.7524 19.1025 0.0169 

2010 27.16 7.0564 31.3921 1.5129 12.9601 0.1849 

2015 27.61 0.6084 6.7600 0.0064 0.3240 0.3364 

2020 29.34 0.00 0.00 0.00 7.5621 0.2401 

 

 

Fig. 17. Indicated a higher increase in population projection Nepal SSE for the 

Exponential Model, Hyperbolic Model, Logistic Model, Discrete Logistic Model, and 

Linear Regression Model 

Table 17: Showing the Root Mean Square Error (RMSE) population rate  in Nepal 

Model Total SSE MSE (SSE/15) RMSE (√MSE) 

Exponential Model 66.79 4.45 2.11 

Hyperbolic Model 209.39 13.96 3.74 

1500
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Model Total SSE MSE (SSE/15) RMSE (√MSE) 

Logistic Model 15.99 1.07 1.03 

Discrete Logistic Model 50.80 3.39 1.84 

Linear Regression Model 7.92 0.53 0.73 

 

 

Fig. 18. Indicated a higher increase in population projection Nepal MSE for the 

Exponential Model, Hyperbolic Model, Logistic Model, Discrete Logistic Model, and 

Linear Regression Model. 

In this study, Figs. 13-18 represents the higher increase in population projection for 

Bangladesh, India,  SSE, MSE, Nepal, for the Exponential Model, Hyperbolic Model, 

Logistic Model, Discrete Logistic Model, and Linear Regression Model. In 

conclusion, the Logistic model demonstrates greater fit and accuracy compared to the 

other five models. 

Limitations of our work: Census undercounts, migration reporting errors, and 

estimation uncertainties all reduce the reliability of secondary data. Undercounts miss 

certain groups, leading to incomplete population totals. Migration data often contains 

inaccuracies due to misreporting or unrecorded moves. Estimation methods rely on 

assumptions that may not always be accurate. These limitations can distort population 

figures and weaken the validity of research based on secondary data. 

IV.     Results and Discussion 

The basic demographic perspective in population structure throughout time has 

been attempted to be seen in this paper. It seeks to anticipate future trends and changes 

in population structure based on past data that is now accessible. To accomplish the 

goals of this study, a variety of literature has been reviewed. Reliable data has been 

gathered using both domestic and foreign data sources. But until 2050, a basic 

arithmetic approach to population predictions was employed because there was 

insufficient data to provide a more accurate estimate. 

The three sections of the study are Bangladesh's present demographic profile as of 

2024, historical changes in population structure, and population projections until 2100. 

75%
80%
85%
90%
95%

100%

MSE in Nepal

Total SSE MSE (SSE/15) RMSE (√MSE)



 

 

 

 

 

J. Mech. Cont.& Math. Sci., Vol.-20, No.- 10, October (2025)  pp 174-199 

Anish Kumar Adhikary et al 

 

 

196 

 

The population of Bangladesh is growing annually, according to historical trends.  150 

million people were counted in Bangladesh's 2011 population census, which is 

precisely twice as many as there were in 1971. However, there is hope because the 

growth rate is gradually falling and stands at 1.02%. Future forecasts of Bangladesh 

indicate that the population growth rate will continue to fall steadily until 2020, at 

which point it will sharply decline until 2100. Although the rate of decline is slowing, 

the overall population is expected to grow, reaching about 229 million by the end of 

the projected period. 

To prevent a significant percentage of the population from becoming dependent, the 

government should focus on the long-term development of the elderly. To continuously 

monitor the population structure, Bangladesh already has a population policy. It is 

possible to improve the policies’ sustainability and dependability for the upcoming 

years by revising them in accordance with current developments. 

V.    Conclusion 

This study concludes by providing a method for analyzing the behavior of 

population projections. We specifically create forecasts of population growth for 

Bangladesh, India & Nepal. As a result, strategies should be created to achieve 

demographic advantage, keeping in mind that the Bangladeshi government’s top 

priority is the population issue. Our study's findings indicate that population growth 

and adaptation are not controlled. The proliferation of specific demographic 

characteristics associated with population growth has the potential to diminish the 

land’s carrying capacity and deplete commonly held resources, thereby undermining 

their ability to meet both current and future generational needs. Consequently, 

governmental authorities must implement strategic interventions aimed at mitigating 

the adverse implications of such growth. These may include the formulation of 

comprehensive national population policies that integrate sustainable resource 

management and environmental conservation measures. Furthermore, such efforts 

should be complemented by the recalibration of public social service frameworks, 

particularly those concerning housing, education, healthcare, food security, and 

employment opportunities, to ensure adaptive responsiveness to evolving demographic 

demands. They will be afflicted without being blessed if population growth and 

adaptation are not kept in check. The results of our analysis indicate that Bangladesh 

lags behind India and Nepal in a few areas. Additionally, we see that the logistic 

model's Mean Absolute Percentage Error (MAPE) is extremely low. From this vantage 

point, we can ultimately say that, when compared to the other models, the logistic 

model produces good forecasting results for long-term predictions. In contrast to the 

current state of the human population in Bangladesh, India, and Nepal, our study 

provides a good approximation for long-term predictions of the population growth 

trends. 
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