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Abstract—Population growth is one of the most critical 

challenges in sustainable development, particularly in 

regions facing limited resources such as food, water, and 

energy. Efficient resource planning is essential to prevent 

shortages, reduce wastage, and ensure equitable 

distribution. This paper presents an optimized 

mathematical approach that combines population 

growth modeling with resource allocation algorithms. 

Using a logistic growth model for population and a 

resource optimization framework, the study simulates 

future scenarios and predicts resource requirements over 

time. The results demonstrate that integrating 

population projections with optimized resource 

allocation can significantly enhance planning efficiency 

and reduce potential shortages. This approach provides 

policymakers, urban planners, and resource managers 

with a practical framework to address population-

resource challenges effectively. 

 

Index Terms—Population growth, resource planning, 

mathematical modeling, optimization, simulation. 

 

I. INTRODUCTION 

 

Population growth and the corresponding demand for 

resources have become central challenges in 

sustainable development. Rapid population increase 

often leads to pressure on essential resources such as 

food, water, and energy, which can result in shortages, 

environmental degradation, and socio-economic 

instability [1]. Efficient resource planning is therefore 

crucial to ensure that future population demands are 

met without overexploiting natural resources. 

Mathematical modeling has emerged as a powerful 

tool to predict population trends and assess resource 

requirements. Among these models, the logistic 

growth model is widely used because it accounts for 

environmental carrying capacity and limits unbounded 

population growth [2]. By integrating predictive 

models of population with optimization techniques, 

planners can allocate resources more effectively, 

balancing supply and demand over time. Optimization 

frameworks, such as linear programming, dynamic 

programming, and simulation-based methods, have 

been successfully applied in resource planning to 

minimize shortages and maximize efficiency [3]. These 

approaches allow policymakers to evaluate multiple 

scenarios and make informed decisions for sustainable 

development. 

Despite the availability of various models, many 

studies focus solely on population prediction or 

resource allocation separately, rather than integrating 

the two in a unified framework. There is a need for a 

holistic approach that combines accurate population 

forecasting with optimized resource management to 

address modern challenges effectively [4]. 

This paper proposes a combined approach that uses 

logistic population growth modeling together with a 

resource optimization framework. The model is 

validated using real-world data and simulation results, 

demonstrating its potential to improve resource 

planning and policy decision-making in regions facing 

population pressure [5]. Mathematical modeling of 

population growth has a long history, with several 

classical models proposed to predict population trends. 

The exponential growth model assumes unlimited 

resources and predicts unbounded population increase. 

However, it often fails to represent real-world 

scenarios where resources are limited [6]. 

To overcome this limitation, the logistic growth model 

was introduced, incorporating the concept of 

environmental carrying capacity. The model 
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accurately captures the slowing of population growth 

as it approaches a maximum sustainable population, 

making it suitable for medium- and long-term 

forecasting [7]. Several researchers have also explored 

advanced growth models, such as the Gompertz model 

and Verhulst model, which provide more flexibility in 

representing population dynamics under varying 

growth rates and constraints [8]. These models help in 

understanding different growth patterns and can be 

adapted to regional population data. 

Resource planning has been approached using 

optimization techniques. Linear programming, 

dynamic programming, and heuristic algorithms have 

been employed to optimize allocation of food, water, 

energy, and healthcare resources [9]. These methods 

allow planners to minimize shortages while 

maximizing efficiency in distribution. Recent studies 

highlight the integration of population modeling with 

resource optimization. For example, Kumar &Verma 

(2018) demonstrated that combining logistic growth 

models with linear programming for resource 

allocation improves planning accuracy and reduces 

potential shortages [10]. Similarly, Chatterjee & Singh 

(2019) applied simulation-based optimization 

techniques to forecast resource demands for growing 

populations, validating their models with real-world 

data [11]. 

 

Table 1: Summary of Population Growth Models. 

 
 

 
These studies indicate that while population growth 

models are well-established, the integration of 

population forecasting with resource optimization is 

still an evolving field. A unified framework that 

combines both aspects can provide actionable insights 

for policymakers, urban planners, and resource 

managers. 

 

II. MATHEMATICAL MODEL 

 

This section presents the proposed optimized 

mathematical framework for population growth and 

resource planning. The methodology integrates 

logistic population growth modeling with a resource 

optimization approach to predict future demands and 

allocate resources efficiently. 
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2.1 Population Growth Modeling 

The population at any given time is modeled using the 

logistic growth equation, which considers the 

environmental carrying capacity K 

 
Where,  

P(t) = Population at time, P0= Initial population, r = 

Growth rate, K = Environmental carrying capacity 

This model is preferred over the exponential model 

because it realistically accounts for resource 

limitations and saturation effects [12]. 

 
 

2.2 Resource Requirement Modeling 

The resource requirement R(t)is assumed to be 

proportional to the population: 

R(t)=rp⋅P(t) 

Where, 

R(t) = Total resource requirement at time, rp= Per 

capita resource consumption 

P(t) = Population at time  

 
 

2.3 Resource Optimization Framework 

To minimize shortages, an optimization objective 

function is defined 

 
Where, 

A(t) = Available resources at time, Z = Total resource 

shortage, T = Time horizon for planning 

Optimization is performed using Linear Programming 

(LP), which determines the allocation of resources to 

minimize the total shortage across all time periods [13]. 

 
 

2.4 Assumptions and Parameters 

Per capita resource consumption (𝑟𝑝) is constant over 

the planning horizon. Carrying capacity (𝐾) remains 

fixed for the simulation period. No migration or 

sudden demographic shocks are considered. Resource 

supply is limited and must be allocated optimally to 

meet demand. 
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III. RESULTS AND DISCUSSION 

 

3.1 Population Growth Analysis 

The logistic growth model simulated in this study 

demonstrates a typical S-shaped population growth 

curve (Figure 2), where the population increases 

rapidly during the early years and gradually slows 

down as it approaches the environmental carrying 

capacity [14]. Comparing the three models in Figure 1 

shows that the exponential model overestimates 

population growth over the long term, whereas the 

Gompertz model predicts a slower approach to 

saturation [15]. The logistic model, therefore, provides 

a more realistic estimate for planning purposes. 

 

3.2 Resource Requirement Analysis 

The total resource requirement, calculated using the 

per capita consumption and projected population 

(Table 2), shows a steady increase over time. Without 

optimization, resource shortages could occur in later 

years due to population nearing carrying capacity. The 

resource requirement curve aligns closely with 

population trends, indicating that accurate population 

forecasts are essential for efficient resource planning 
[16]. 

 
Figure 4: Comparison of optimized vs unoptimized 

resource allocation over the planning 

 

3.3 Parameter Sensitivity 

The parameters used in the model (Table 3) 

significantly influence the outcomes. For instance, 

increasing the growth rate 𝑟accelerates population 

growth, leading to higher resource demands. 

Similarly, variations in per capita resource 

consumption (𝑟𝑝) directly affect the total requirement, 

highlighting the need for precise estimation of 

consumption patterns. The model is sensitive to 

carrying capacity K, which defines the upper limit of 

sustainable population [17]. 

3.4 Optimization Insights 

Applying the linear programming optimization 

framework (Figure 3) ensures that resources are 

allocated efficiently, minimizing shortages across all 

periods. Simulation results indicate that optimized 

resource allocation reduces potential shortages by 

approximately 15–20% compared to unoptimized 

distribution. This demonstrates the effectiveness of 

combining population forecasting with mathematical 

optimization for practical planning [18]. 

The unified approach also allows policymakers and 

urban planners to simulate different scenarios, test the 

impact of changes in parameters, and make informed 

decisions to maintain sustainable resource levels while 

accommodating population growth. 

 

IV. CONCLUSION 

 

This study presents an optimized mathematical 

framework combining population growth modeling 

with resource allocation to address the challenges of 

sustainable development. The logistic growth model 

effectively predicts population trends while 

accounting for environmental carrying capacity, 

providing a realistic projection compared to 

exponential or Gompertz models [19]. Using real-world 

data and simulations, the total resource requirement 

was estimated and analyzed. The integration of linear 

programming optimization ensured that resources 

were allocated efficiently, reducing potential 

shortages by 15–20% compared to unoptimized 

distribution (Figure 4) [20]. 

The sensitivity analysis of model parameters (Table 3) 

highlighted the importance of accurately estimating 

population growth rate, per capita resource 

consumption, and carrying capacity. The results 

demonstrate that combining predictive modeling with 

resource optimization provides a practical tool for 

policymakers and urban planners to ensure sustainable 

resource management in the face of growing 

populations [21]. 
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