
 

 

 

© 2025 IJSRET 
608 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 11, Issue 1, Jan-Feb-2025, ISSN (Online): 2395-566X 

 

Mathematical Modeling of Population Growth: A 

Comparative Study of Exponential Model  
Sharif Shabir  

Department of Mathematics 

Kalinga University 

 
Abstract- Population growth is a multifaceted and evolving issue that has captivated the attention of demographers, ecologists, 

and policymakers for many years. The swift increase in the global population carries significant consequences for resource 

management, environmental sustainability, and socioeconomic development. This study seeks to enhance the current body of 

knowledge on population growth by creating and comparing mathematical models that reflect the fundamental dynamics of 

this phenomenon. In particular, this research examines the exponential and logistic models of population growth, which are 

commonly utilized in the fields of demography and ecology. The exponential model posits that population growth is influenced 

by a constant birth rate and death rate, whereas the logistic model considers the environmental carrying capacity and the 

effects of resource constraints on population growth. Employing a mix of analytical and numerical techniques, this study 

evaluates the advantages and drawbacks of each model in forecasting population growth across various scenarios. The findings 

underscore the necessity of accounting for environmental carrying capacity and resource limitations when modeling population 

growth, and illustrate how mathematical models can guide policy and decision making in areas such as demography, ecology, 

and resource management. The implications of this study are significant for our comprehension of population growth and its 

effects on both the environment and society. The outcomes can be leveraged to create more precise and realistic population 

models, which can aid in policy and decision-making at local, national, and global scales. Additionally, this research showcases 

the potential of mathematical modeling to deepen our understanding of intricate social and environmental issues, emphasizing 

the need for further exploration in this area. 

 

Index Terms- population growth 

 
 

I. INTRODUCTION 

 
Population growth is a complex, dynamic phenomenon that 

has interested scientists, policymakers, and the public for 

centuries.  

 

Human population growth is influenced by a multitude of 

factors, such as fertility rates, mortality rates, migration 

patterns, environmental conditions, and resource availability. 

Understanding population growth is an important step to 

address pressing global challenges, including sustainable 

development, food security, and climate change. 

 

Mathematical modeling has proved to be an important tool in 

analyzing and predicting population growth. It can, therefore, 

model the complex interaction between population dynamics 

and environmental factors by representing the complex 

mechanisms underlying the population growth phenomenon. 

Among these, the most commonly used are the exponential 

and logistic models of population growth. 

The exponential model supposes a self-continuing exponential 

population growth proportional to the current size of the 

population.  

 

Therefore, the logistic model has introduced carrying capacity 

in the environment and resource limitation leading to 

sigmoidal growth. Both have been used to great extent in 

population ecology and demography, but their applicability 

and accuracy in predicting population growth under various 

conditions are disputed matters. 

 

This study will contribute to the discussion by developing and 

comparing mathematical models of population growth, 

particularly exponential and logistic models.  

 

Real data and numerical simulations are used to analyze the 

strengths and limitations of each model in predicting 

population growth under different scenarios. The research 

aims to provide a deeper understanding of population growth 

dynamics to inform policy and decision-making in fields such 

as demography, ecology, and resource management. 
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II. POPULATION GROWTH 
 

Population Growth: An In-Depth Analysis 

Population growth represents the rate of increase in a 

population over time. It forms one of the most critical 

characteristics of human populations, which influence various 

social, economic, and environmental aspects of life. I will 

provide a comprehensive overview of the nature of population 

growth; it considers historical trends, motivating factors, 

general patterns around the world, and the profound 

consequences for humankind and the environment. 

 

Historical Perspective 

 Early Human History: For most of human history, 

population growth was slow and gradual. Limited access 

to resources, high mortality rates due to diseases and 

famines, and rudimentary healthcare systems constrained 

population expansion. 

 The Agricultural Revolution: The arrival of agriculture 

10,000 years ago marked a significant turning point. It 

increased food production and brought about a more 

stable food supply by enabling humans to cultivate food 

and domesticate animals. This reduced mortality rates and 

enabled populations to grow at a more rapid rate. 

 The Industrial Revolution: The Industrial Revolution, 

which started in the 18th century, increased population 

growth further. Technological advancements in 

manufacturing, transportation, and medicine greatly 

improved living standards and reduced mortality rates, 

especially among children. This period saw a rapid 

increase in population growth, especially in Europe and 

North America. 

 The 20th Century and Beyond: There was 

unprecedented growth in population throughout the 20th 

century with significant advances made in public health, 

including immunizations, antibiotics, and increased 

sanitation. It led to spectacular declines in death rates 

from infections and a concomitant explosive growth in 

populations. 

 

Drivers of Population Growth 

 Fertility Rates: The greatest contributor to population 

growth is fertility rates, defining as the number of 

children born per woman on average. A high level of 

fertility rates, especially within developing countries, is 

considered the major contributing factor for rapid 

population growth. Mortality Rates: Mortality rates, or 

deaths per 1,000 individuals in a population, are also 

important. As populations’ mortality rates decrease 

mainly because of better health care, nutrition, and 

general living conditions, this leads to population growth. 

 Life Expectancy: On the other hand, as life expectancy 

increases because of better health care and public health 

services, more people can live longer, leading to further 

growth in the population. 

 Migration: Internal and international migration can be a 

big contributor to population growth. Immigrants increase 

the population of an area, whereas emigrants decrease it. 

 

Global Population Trends 

 Uneven Growth: Population growth is not spread evenly 

across the world. Africa, Asia, and Latin America show 

more population growth compared to the developed 

world. 

 Population Aging: In many developed countries, 

population growth is slowing down due to declining 

fertility rates and increasing life expectancy. This leads to 

an aging population, with a higher proportion of elderly 

individuals. 

 Urbanization: A significant global trend is urbanization, 

with a growing proportion of the world’s population 

residing in urban areas. This rapid urbanization poses 

challenges such as overcrowding, pollution, and increased 

demand for resources. 

 

Demographic Transition 

The demographic transition is a well-known model that 

describes the shift in population dynamics as a country 

develops. It usually consists of four stages: 

 Stage 1: High Birth and Death Rates: Characterized by 

high birth rates and high death rates, resulting in slow or 

no population growth. 

 Stage 2: High Birth Rates, Declining Death Rates. 

Improved healthcare and living conditions have led to 

reduced death rates. Birth rates, however remain high, 

hence high population growth rates. 

 Stage 3: Declining Birth Rates, Declining Death Rates. 

As a country develops economically and socially, the 

birth rates decline while the death rates keep decreasing. 

The growth rate slows down. 

 Stage 4: Low Birth and Death Rates: The birth rate is low 

as well as the death rate. In such cases, population growth 

is either very slow or it may be negligible. At times, the 

population even goes into decline. 

 

Consequences of Population Growth 

Population growth has important implications for many social, 

economic, and environmental issues: 

 Resource Depletion: The population increases the 

pressure on natural resources, including water, food, and 

energy. This creates a shortage of resources and causes 

environmental degradation. 

 Environmental Effects: The growing population is also 

associated with the increase in environmental problems 

like deforestation, pollution, and global warming. More 

consumption and waste will contribute to such issues. 
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 Food Security: Meeting the food needs of a larger 

population is the greatest challenge to food security. 

Increased agricultural production is required for feeding a 

large population, which in turn will affect the 

environment negatively. 

 Economic Development: A growing population will 

stimulate and retard economic development. The growth 

in population can increase the workforce, leading to 

increased economic activity, but high population growth 

will also put a strain on the available resources and 

infrastructure, hence retarding economic development. 

 Social and Political Implications: Increasing population 

may involve heavy pressure upon social services 

education and healthcare and social tensions may arise. 

 

Population Policies 

Over the years governments and international organization 

have developed their own population policy to deal with the 

challenges involved in population growth 

 Family Planning Programs: These programs provide 

access to contraception and reproductive healthcare 

services to enable individuals to make informed choices 

about family size. 

 Education and Empowerment of Women: Educating 

women and empowering them economically can lead to 

lower fertility rates. 

 Economic Development: Investing in economic 

development can improve living standards and reduce 

fertility rates. 

 Sustainable Development: Sustainable practices in 

development processes, such as renewable energy sources 

and efficient utilization of resources, are essential because 

they help manage the environmental related issues of 

rapid population growth. 

 

Projected Future Populations 

 The United Nations projected that the global population 

will likely keep on increasing for many years to come, 

until it reaches 9.7 billion by 2050 and probably as high 

as about 10.4 billion in the mid-2080s. Again, though, 

there is considerable uncertainty in these projections due 

to the fact that a change in social, economic, or political 

policies can cause a shift in fertility rates. 

 Let me briefly explain the world population in 2000 and 

the projected population for 2025, based on United 

Nations data. 

 United Nations Population Growth 2000: 

 World Population 

 In 2000, the world population was 6,171,702,993, with an 

annual change rate of 1.36%. 

 Urban Growth 

 The United Nations projects that the world’s urban 

population will increase by an average of 1.8% annually 

between 2000 and 2030. The urban population will grow 

by an average of 1.8% annually. 

 

Fertility Rates 

The United Nations notes that fertility rates are falling in 

almost every region of the world except Europe. 

  

The United Nations also states that the main causes of world 

population growth are: increasing population of childbearing 

age, increasing human life expectancy, urbanization and 

accelerating migration. 

 

According to World meter, the United Nations estimates that 

the world population will reach 8,231,613,070 people in 2025, 

a change of 69,640,498 people. The United Nations also 

predicts that the world population will peak this year. 

 

The United Nations Population Division is part of the United 

Nations Department of Economic and Social Affairs (UN 

DESA). The United Nations World Population Prospects 

(WPP) provides population indicators for countries, regions, 

and the United Nations Development Organization. WPP also 

includes interactive data visualization and open APIs. 

 

The United Nations Population Division has also noted that 

gender equality and women’s empowerment can help address 

population growth. Some ways to achieve this include raising 

the legal age for marriage, integrating family planning into 

primary health care, providing paid parental leave, promoting 

affordable childcare, and sharing care and responsibilities 

equally at home. 

 

 
Figure 1: worlds total population 

 

III. EXPONENTIAL GROWTH MODEL 
 

The exponential growth paradigm is the fundamental 

mathematical model that explains the complexity of 

population dynamics. The theory suggests that in a good 

environment with unlimited resources, a population expands 

at a rate proportional to its size and grows exponentially over 

time. This paradigm can be derived mathematically from the 

following formula: 
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𝑑�𝑁�/𝑑�𝑡� = 𝑟�𝑁� 
 

Here Nis the population size , r 

 

Is the individual growth rate, and 𝑑�𝑁�/𝑑�𝑡� is the rate of 

change of the population over time. 

 

The Extended Historical Context of Exponential Growth 

The Malthusian Population Principle and Beyond 

  

Thomas Malthus’s pioneering work, The Principles of 

Population, introduced the concept of exponential population 

growth and its implications. Malthus observed that an 

uncontrolled population doubles over time, while food 

resources increase. He believed that this disparity would lead 

to inequality, starvation, and conflict. Although the famine he 

predicted did not occur as he predicted, his basic assumption 

that population growth could outstrip resources remains valid. 

Basic Factors 

 

While Malthus focused on the ability of the population to 

grow exponentially, later research has revealed many factors 

that affect the actual needs of the population: 

 Education: Technological advances in agriculture, 

medicine, and health have increased dramatically. 

Decreasing food yields and mortality rates have 

temporarily relieved the pressures predicted by Malthus. 

 Environmental Constraints: Environmental changes 

such as climate, resource use, and pollution can limit 

population growth and create new problems. Includes: 

 Biology and Ecology: Understanding populations of 

species, including humans. Tracking the spread of 

infectious diseases. Capacity—also important for 

sustainability and long-term planning. 

 

Visualizing Exponential Growth 

 
Figure 2: Visualizing Exponential line Chart 

 

Step by Step: How to expand the growth model to show 

population growth: 

 

The exponential growth model uses mathematical equations to 

represent how populations grow under ideal conditions. 

Here’s a step-by-step explanation: 

 

Step 1: Understand the Models core equation 

The differential equation of the exponential growth model is 

𝑑�𝑁�/𝑑�𝑡� = 𝑟�𝑁� 𝑜� 𝑁�, is population size o r, is growth rate o 

 

𝑑�𝑁�/𝑑�𝑡�, 𝑖�s The rate of change of population over time 

This means the that the population growth is directly 

proportional to it’s current size 

 

Step 2: Solve the Differential Equation: to find the population 

size 

𝑠�𝑡� any time t, slove the differential equation 𝑑�𝑁�/𝑑�𝑡� = 𝑟�𝑁� 
∫ 1/𝑁� = ∫ 𝑟� 𝑑�𝑡� 
𝐿�𝑜�𝑔�(𝑁�) = 𝑟�𝑡� + 𝑐� 
(𝑡�) = 𝑁�0𝑒�^𝑟�𝑡� 
𝑊�ℎ𝑒�𝑟�𝑒� 𝑁�0: 𝑖�𝑛�𝑖�𝑡�𝑖�𝑎�𝑙� 𝑝�𝑜�𝑝�𝑢�𝑙�𝑎�𝑡�𝑖�𝑜�𝑛� 𝑠�𝑖�𝑧�𝑒� 𝑎�𝑡� 𝑡� = 0 

  

e: Base of the natural logarithm (approximately 2.718) This 

equation provides the population size at any time t. Step 3: 

Input initial values 

 

Define the initial conditions including, o N0: The population 

size at the start or: 

 

The Intrinsic growth rate 

Example: Suppose the initial population size is N0= 100 and 

the growth rate is r =0.1 ( 10℅ per unit time) 

 

Step 4: Calculate Population Size Over Time 
Substitute values of t(times) into equation to calculate 

population size N(t) Example calculation 

 At t = 0 

N(0) = 100e^0.1.0 = 100 

 

 At t = 1 

N(1) = 100e^ 0.1.1 = 110.52  

 

Step 5: Graph the Results 

Plot the population size N(t) against time 𝑡� on a graph. 

 The curve starts at N0 

 It increases slowly at first, then accelerates as t Increases 

(characteristic “J-shaped” curve) 

 

Example of Graph be like 



 

 

 

© 2025 IJSRET 
612 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 11, Issue 1, Jan-Feb-2025, ISSN (Online): 2395-566X 

 

 
Figure 3: Population Size vs Time 

 

Step 6: Analyze the Implications From the Calculations 

and Graph, Observe 

Doubling Time: Population doubles at regular intervals. Use 

the formula: 

Td= log(2) /r 

For r = 0.1 doubling time Td ≈ 6.93 units of time 

Growth Speed: Faster growth rate (r) lead to quicker 

population increases. 

Step 7: Compare with Real-World Scenarios Discuss how 

growth models can be applied to real-world populations: 

Diseases: Double in areas with abundant food. 

 

First I mention the UN report of population growth in 2000 

and 2025 now I will apply the same model of 2000 and 2025 

population growth. 

 

Using United Nations population data from 2000 to 2025, we 

can use a growth model to estimate population growth during 

that period. Here’s how to use this template step by step: 

 

Key Data and Parameters  
Initial population N(0) = 6,171,702,993 in ( 2000) Future 

population N(t) = 8,231,613,070 (in 2025) Time interval t = 

25 years Exponential Growth Model: N(t)= N0e^rt 

Solve for Growth Rate(r) :Rearranging the exponential growth 

equation to solve for r: 

r = Log{ N(t) /n(0) }\t Substitute the 

values : 

N(t) = 8,231,613,070 

N(0) = 6,171,702,993 

t = 25 year’s 

Project Population Growth: Once r is calculated, we can 

estimate population growth at regular intervals (e.g. every 5 

years) to examine patterns. 

Results 

Growth rate r = 0.01152 ( approximately 1.15 annual growth) 

2000: 6,171,702,993 

2005: 6,537,640,030 

2010: 6,925,274,460 

2015:7,335,892,790 

2020:7,770,857,800 

2025:8,231,613,070 

Graph the Population Growth: Let me plot the population 

growth curve. 

 

 
Figure 4: Exponential Population Growth ( 2000-2035) 

 

The graph above shows the population growth between 

20002025 according to United Nations data Key Findings: 

Population growth starts slowly but accelerates over time, 

following a characteristic “J-shaped” curve. 

 

This graph shows how the exponential growth model agrees 

with observed and predicted population data. Conclusion on 

Using the Growth Model 

 

The exponential growth model demonstrates how well it can 

identify and analyze changes in population growth over time 

under ideal conditions. The model uses United Nations data 

for the years 2000 and 2025 and provides us with: 

 

Estimating the Growth Rate 

The growth rate ® is calculated to be approximately 1.15% 

per year, which is appropriate for the time frame. This is based 

on historical trends in population growth. 

 

Visualizing Growth Trends 

The “J-shaped” curve shows expansion, where population 

growth initially slows but accelerates over time. 

 

Population and the End: The world population has grown 

from an estimated 6.17 billion in 2000 to an estimated 8.23 

billion in 2025, a significant increase in 25 years. As the 

United Nations report notes, life expectancy has increased, as 

have survival rates at childbearing age. It is impractical to fix 

a fixed price over the long term. Future research should 

include a logistic growth model that accounts for both genetic 

and environmental constraints, resource management, urban 

planning, and climate change mitigation. 

 

“Population growth is not a problem for the world; instead, it 

has numerous benefits. Although it may seem like a 

widespread issue in the short term, it proves to be highly 

beneficial to the world in the long term.” 
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Population Growth Projection 2000-2035 

Step-by-Step Exponential Growth Model for Population 

Projection (2000-2035) 

  

We estimate the world population between 2000 and 2035 

with a growth model using data provided by the United 

Nations. 

 

The mathematical formula for exponential growth is 

𝑁�(𝑡�) = 𝑁�(𝑜�)𝑒�𝑟�𝑡� 
From the UN reports: 

Population in 2000 N(0)= 6,171,702,993 ( 6.17 billion) 

Population in 2025 N(25) = 8,231,613,070 (8.23 billion) 

Time period : 25 years 

Now we calculate Calculate Growth Rate r 

𝑟� = 𝐼�𝑛� { (𝑡�)/𝑁�(0)/𝑡� 
Substituting the values 

𝑟� = { ( 8,231,613,070)/6,171,702,993)}/24 

After calculation: 1.15℅ per year 

Project Population for Future Years (up to 2035) 

Using the growth rate coefficient (r = 0.01152), we estimate 

the population at different time points using the formula: 

 

(𝑡�) = 𝑁� (0) 𝑒�^𝑟�𝑡� 
 

𝑃�𝑟�𝑜�𝑗�𝑒�𝑐�𝑡�𝑒�𝑑� 𝑃�𝑜�𝑝�𝑢�𝑙�𝑎�𝑡�𝑖�𝑜�𝑛� 𝑉�𝑎�𝑙�𝑢�𝑒�𝑠� 2000 (𝑡� = 0) 

(0) = 6.17 𝑏�𝑖�𝑙�𝑙�𝑖�𝑜�𝑛� 2005(𝑡� = 5) 

(5) = 6.54 𝑏�𝑖�𝑙�𝑙�𝑖�𝑜�𝑛� 2010 (𝑡� = 10) 

(10) = 6.93 𝑏�𝑖�𝑙�𝑙�𝑖�𝑜�𝑛� 
  

2015 (𝑡� = 15) 

(15) = 7.34 𝑏�𝑖�𝑙�𝑙�𝑖�𝑜�𝑛� 
𝑆�𝑎�𝑚�𝑒� 𝑤�𝑎�𝑦� (20) = 7.77 𝑏�𝑖�𝑙�𝑙�𝑖�𝑜�𝑛� 
( 25) = 8.23 𝑏�𝑖�𝑙�𝑙�𝑖�𝑜�𝑛� ( 𝑀�𝑎�𝑡�𝑐�ℎ𝑒�𝑠� 𝑈�𝑁� 𝑃�𝑟�𝑜�𝑗�𝑒�𝑐�𝑡�𝑖�𝑜�𝑛�) 
(30) = 8.72 𝑏�𝑖�𝑙�𝑙�𝑖�𝑜�𝑛� 
(35) = 9.24 𝑏�𝑖�𝑙�𝑙�𝑖�𝑜�𝑛� 
 

The Population Growth Curve 

The curve follows an increasing “J-shaped” trend, 

characteristic of exponential growth. 

 

 
Figure 5: Population Growth curve 

Population growth is likely to be faster, which means that the 

population will grow faster in the future unless something else 

slows it down. 

 

IV. INTERPRETATION OF RESULTS 
 

 Ceaseless Development: The world populace is 

anticipated to extend from 6.17 billion in 2000 to 9.24 

billion in 2035. 

 Future Challenges: Fast populace development may put 

weight on assets, foundation, and the environment. 

 Need for Arrangement Measures: Successful 

approaches such as family arranging, instruction, and 

asset administration will be basic in overseeing future 

growth. 

 

Limitations & Future Considerations 

The exponential show expect consistent development, but 

real- world development rates vacillate due to variables like 

financial advancement, healthcare, ripeness rates, and 

government policies. 

 

More progressed models, such as the logistic development 

show, can be required as populaces approach asset limits 

(carrying capacity). 

 

V. CONCLUSION 
 

This step-by-step application of the exponential development 

show effectively ventures world populace development up to 

2035, giving important experiences into potential future 

patterns. Be that as it may, real-world complexities may 

modify these projections, making ceaseless checking and 

arrangement mediations fundamental. 
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