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Abstract

Rapid urban growth places pressure on resources, infrastructure, housing, and
public services, creating challenges for sustainable development and urban
governance. This study extends a classical urban dynamics model by
incorporating smart city resource allocation and examines the contribution of
mathematical modeling to urban planning and management. The model
includes time-dependent smart city resource allocation, S(t), resource
availability, R, the resource replenishment rate, a, and the resource depletion
rate, B. These components provide a framework for examining relationships
among urban growth, resource availability, and allocation decisions. A
mathematical modeling and simulation approach was employed, with the
model implemented and explored through numerical simulations in MATLAB.
Lagos served as the case-study context for interpreting the implications of
urban expansion and resource management. The analysis considered the
potential role of mathematical models in anticipating urban growth, assessing
sustainability challenges, and informing governance decisions. The findings
suggest that uncontrolled urban expansion can contribute to resource
depletion and associated social challenges. They highlight the importance of
aligning resource allocation with population-related demands and the capacity
to replenish available resources. The study recommends that government
authorities pursue coordinated smart city initiatives addressing infrastructure
development, housing provision, public service delivery, and decentralization
to support urban stability. Mathematical modeling can assist these efforts by
making assumptions about growth and resource dynamics explicit and
providing a structured basis for examining planning options. The study
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concludes that integrating resource considerations into urban dynamics models
offers a useful framework for investigating sustainable city development.
Further empirical calibration and validation would strengthen confidence in the
model’s predictive performance and clarify its applicability to Lagos and other
urban contexts.

Keywords: Urban Dynamics; Smart Cities; Resource Allocation; Mathematical
Modeling; Lagos

Introduction

Smart cities have emerged as a result of urbanization, which has been a major force
behind social and economic progress. A smart city optimizes infrastructure, improves
public services, and raises the standard of living by utilizing technology, data analytics, and
mathematical modelling (Batty, 2013). Effective urban planning and sustainable
management are more important as cities continue to expand quickly. In order to provide
effective, responsive, and resilient urban environments, smart cities incorporate digital
technologies into a number of industries, including public safety, healthcare, energy, and

transportation.

Understanding the intricate relationships between urban dynamics, such as
transportation, energy use, environmental sustainability, and social interactions, depends
heavily on mathematical modelling. These models offer a quantitative foundation for trend
analysis, scenario simulation, and data-driven decision-making. For example, to forecast
traffic patterns, ease congestion, and enhance public transit systems, transportation models
employ optimization approaches and algorithms (Gonzalez et al., 2008). To reduce carbon
footprints, energy models evaluate consumption trends and recommend methods for

integrating renewable energy (Chen et al., 2011).

In the context of urban planning, various mathematical modelling techniques are
employed, including system dynamics, agent-based modelling, and network theory. System
dynamics models focus on feedback loops and time delays, helping planners understand
how different urban factors interact over time (Forrester, 1969). Agent-based models
simulate individual behaviours and interactions within a city, providing insights into how
policies might influence population movement or resource allocation (Crooks et al., 2008).

Network theory analyses the relationships and connectivity between different urban
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components, such as transportation networks or communication systems, to enhance

efficiency and resilience (Barabasi, 2002).

Furthermore, sophisticated modelling approaches are required to enable better
planning and governance due to the fast growth of cities and the need for sustainability
(Mitchell, 1999). Predictive analytics is necessary for smart city projects in order to estimate
urban growth, pinpoint high-risk locations for environmental deterioration, and maximize
land usage. To manage large data and increase predicted accuracy, mathematical models are
rapidly incorporating machine learning algorithms and advanced statistical techniques

(Zhang et al., 2017).

In conclusion, mathematical modelling serves as a cornerstone of smart city
development by offering structured, data-driven approaches to urban planning and
management. As technology continues to evolve, the integration of sophisticated models

and real-time data analysis will be crucial for creating sustainable, efficient, and liable cities
Statement of the Problem

Urbanization brings challenges such as congestion, pollution, resource depletion,
and inadequate infrastructure. Traditional city planning methods often fail to address these
issues efficiently. The integration of mathematical models into urban planning and smart
city development allows for better decision-making, predictive analytics, and optimization
of city resources (Almeida et al., 2003). However, the complexity of urban environments

requires robust, adaptable, and interdisciplinary mathematical models.
Aim and Obijectives of the Study

The aim of this study is to analyse the role of mathematical modelling in the

development and management of urban and smart cities.
The objectives are:

1. To explore various mathematical modelling techniques used in urban planning and smart
cities.
2. To assess the effectiveness of mathematical models in predicting and managing urban

growth.

3. To evaluate the impact of smart city models on sustainable development and urban

governance.

Volume 4, Issue 3, 2026 755
- — " |



A. S. Wunuji, M. Zainab, B. A Garba

4. To identify challenges and limitations associated with the application of mathematical

models in urban environments.
Literature Review

A thorough analysis of the body of research on the application of mathematical
modelling to urban and smart city development is given in this chapter. Books, journals,
articles, and other scholarly sources addressing different modelling approaches,
applications, difficulties, and case studies in urban planning are included in the review. The
chapter also looks at how new technologies and developments in urban analytics are

affecting the creation of smart cities.
The Concept of Urbanization and Smart Cities

A key component of human civilization, urbanization has shaped economies,
communities, and environments (Bettencourt, 2013). The 21st century has seen a faster
shift from rural to urban regions, necessitating improved management and planning. In
order to improve urban infrastructure and services, smart cities combine digital technology,
big data, and automation in response to the problems posed by urbanization (Giftinger et
al., 2007). Efficiency, sustainability, innovation, and citizen engagement are the

fundamental tenets of smart cities (Caragliu, Del Bo, & Nijkamp, 2011).
Mathematical Models in Urban Planning

Urbanization-related ~ problems  like  resource  allocation, environmental
sustainability, and traffic congestion have been greatly aided by mathematical models
(Batty, 2013). These models convert real-world occurrences into measurable variables and
equations, offering an organized method for comprehending intricate urban systems.
In order to simulate urban expansion, forecast future trends, and maximize resource
utilization, mathematical models are crucial in urban planning, claims Batty (2013). They
support urban planners in creating efficient plans for controlling land use, transit systems,
and population density. According to Batty, cities function as dynamic systems impacted by
a number of interrelated factors, and the examination of these relationships is made

possible by mathematical modelling.

One prominent application is in traffic flow modelling, where mathematical models
assess the impact of road networks, vehicle density, and travel patterns. These models assist

in predicting traffic congestion points and devising optimal routing strategies to enhance
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mobility. Batty (2013) highlights the use of network theory and graph models to

understand how urban transport systems function and how to mitigate bottlenecks.

Environmental sustainability is another critical area where mathematical models
play a vital role. Batty (2013) discusses models that incorporate factors such as carbon
emissions, green space distribution, and energy consumption, enabling planners to create
sustainable urban environments. These models support the evaluation of policies aimed at

reducing environmental degradation and promoting eco-friendly urban development.

Moreover, resource allocation models help distribute essential services such as
water, electricity, and healthcare facilities equitably across urban areas. Batty (2013)
underscores the importance of optimization techniques and spatial analysis in ensuring
resources reach areas with the greatest need, ultimately enhancing the quality of life for

urban residents.
The following categories of mathematical models are widely applied in urban planning:
Statistical Models

Economic development, population shifts, and urban growth are all predicted using
statistical models. To forecast future trends, these models use probability distributions and

past data (Anas et al., 1998).
1. Regression Models:

Regression models establish relationships between dependent variables (e.g.,
housing prices) and independent variables (e.g., distance from the city centre, access to
amenities). For instance, multiple regression analysis can predict housing costs based on a

combination of factors like location, infrastructure, and economic conditions (Batty, 2013).
2. Probabilistic Models:

These models use probability distributions to account for uncertainty in urban
planning. For example, traffic flow models might use Poisson distributions to estimate the

likelihood of vehicles arriving at an intersection during a particular time period.
3. Time Series Models:

Time series analysis examines data points collected over time to identify trends and
seasonal patterns. Urban planners use these models to forecast population growth, housing

demand, or traffic congestion, helping them design long-term strategies (Batty, 2013).
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4. Spatial Statistical Models:

These models analyse the spatial distribution of urban features, such as the
clustering of businesses or the spread of green spaces. They often use techniques like
spatial autocorrelation to detect patterns and ensure resources are distributed equitably

across a city.
Optimization Models

Optimization models aid in the efficient distribution of urban resources, including
energy distribution, transportation networks, and land usage. In urban optimization, linear

and mixed-integer programming are often used approaches (Sheffi, 1985).
Geospatial Models

Geospatial modelling employs Geographic Information Systems (GIS) and remote
sensing for spatial analysis. GIS models are widely used in urban development for planning
transportation routes, zoning regulations, and disaster risk management (Clarke et al.,

1997).
Agent-Based Modelling (ABM)

Agent-based models simulate interactions among individual agents (residents,
businesses, and infrastructure) to analyse their impact on the overall urban system. ABM
has been used to study urban sprawl, traffic patterns, and social dynamics in cities (Macal &

North, 2010).
Network Theory

Network theory provides insights into urban connectivity, analysing transportation
systems, utilities, and communication networks (Newman, 2010). These models help

identify critical points in city infrastructure that need improvement.

Mathematical Models for Smart Cities
Traftic Flow Models

Traffic flow models are essential for analysing and optimizing urban mobility in
smart cities. They help in understanding how vehicles interact on road networks and in
predicting congestion. Two widely used approaches are based on differential equations and

simulation techniques.
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1. Differential Equation-Based Traffic Flow Models

Differential equations are used to describe the continuous evolution of traffic flow
variables such as vehicle density, velocity, and flow rate. These models rely on

mathematical equations to represent how traffic conditions change over time and space.
a) Lighthill-Whitham-Richards (LWR) Model

One of the most fundamental traffic flow models is the Lighthill-Whitham-
Richards (LWR) model, formulated as:

op(et) da(p) _,
ot Oox

Where:
0p(x,t) = vehicle density at position x and time ¢
q(p) = traffic flow rate (vehicles per unit time)
The equation expresses conservation of vehicles, meaning the number of vehicles
does not spontaneously appear or disappear.

This first-order hyperbolic PDE (partial differential equation) describes how

vehicle density changes as traffic moves along a roadway.
b) Payne-Whitham Model (Second-Order Model)

This extends the LWR model by including a velocity equation, leading to a second-

order model that considers driver reactions to changing traffic conditions:

o oo

ot Oox

ov ov 1
—tyv—=—>Ww-V .
PRACw T(V (P)

Whete:

v(x,t) = velocity of traffic
V' (p) = desired velocity function based on density

T = reaction of time of drivers
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This model accounts for driver acceleration and deceleration, making it more

realistic than LWR.
2. Simulation-Based Traffic Flow Models

Simulation models use computational techniques to represent and analyse the
movement of vehicles individually or in groups. Unlike differential equations, simulations
allow for more detailed and realistic modelling of driver behaviour, lane-changing, traffic

lights, and road conditions.
a) Microscopic Traffic Simulations

Microscopic models simulate individual vehicles and their interactions using car-

following and lane-changing algorithms. Examples include:
e Nagel-Schreckenberg Cellular Automata Model:

i. Vehicles move on a discrete grid where speed and acceleration are updated based on

neighbouring cars.

ii. Efficient for large-scale simulations but lacks real-world realism.

e Intelligent Driver Model (IDM):

i. Uses acceleration/deceleration rules based on distance to the next vehicle.
ii. Accounts for safe stopping distance and driver behaviour.

e Simulation Tools:

i. SUMO (Simulation of Urban Mobility)
ii. VISSIM (widely used in traffic engineering)

iii. AIMSUN
b) Mesoscopic and Macroscopic Simulations

i. Mesoscopic models: Represent traffic as vehicle groups rather than individual cars
(compromise between micro and macro models).
ii. Macroscopic models: Use flow-density-speed relationships, similar to LWR but solved

computationally.
iii. Energy Consumption Models

Smart cities require energy-efficient systems to sustain urban growth. Mathematical

models help predict and optimize energy usage in buildings, industries, and transportation
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(Ahn & Rakha, 2009). Demand-side management models and renewable energy integration

models contribute to urban sustainability (Fellows & Hipel, 2007).

Mathematical Formulation:

A typical energy consumption model might use differential equations or statistical

models. For example:
t
E(t) = p(t)xO(t) + jR(s)ds.
0

Where:

E(t): total energy consumption at time ¢

P(t): Power consumption rate at time ¢

O(t) : occupancy rate (for buildings) or vehicle density (for transport)
R(s): renewable energy contribution at time s

Predictive Analytics for Smart Cities

Predictive modelling for smart cities heavily relies on artificial intelligence (AI) and
machine learning. These models aid in the prediction of economic swings, environmental
changes, and crime rates (Batty, 2018). Urban resilience and real-time decision-making are

improved by Al-based urban modelling.

Challenges in Mathematical Modelling of Urban Systems

Despite advancements in mathematical modelling, several challenges persist:
Data Availability and Accuracy

Urban models rely heavily on accurate, high-quality datasets to simulate, predict,
and optimize urban processes. These models use data to capture real-world dynamics such
as population distribution, traffic patterns, land use, and environmental factors. According
to Goodchild (2010), the effectiveness of predictive models hinges on the quality,

availability, and timeliness of the data they are built upon.
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Computational Complexity

Urban systems are inherently complex, involving numerous interdependent
variables and dynamic processes. These systems include factors such as population
dynamics, transportation networks, land use changes, and environmental impacts — all of
which interact in nonlinear ways. According to Batty (2013), this interconnectedness makes
urban models computationally intensive, often requiring advanced algorithms and high-

performance computing resources to solve.

Sources of Computational Complexity:

1. Multivariable Interactions:

Urban models must account for multiple variables simultaneously, such as:

i. Population density

ii. Traffic flow and public transportation schedules
iii. Resource allocation (e.g., water, electricity, healthcare)
iv. Environmental factors (e.g., air quality, carbon emissions)

These variables often influence each other. For example, an increase in population
may lead to higher traffic congestion and greater energy consumption, creating feedback

loops that further complicate calculations.
2. Nonlinear Dynamics:

Many urban processes exhibit nonlinear behaviour, where small changes in one
variable can lead to disproportionate impacts elsewhere. For example, a minor roadblock
can cascade into city-wide traffic jams. Modelling such nonlinearities requires solving
complex differential equations or running agent-based simulations, both of which demand

significant computational power.
3. Large-Scale Data Processing:

Urban models often rely on vast datasets, such as real-time traffic data from GPS
systems, satellite imagery for land use analysis, or census data for population studies.
Processing these large datasets — especially in real time — adds another layer of

computational intensity.

762 Mikailalsys Journal of Mathematics and Statistics



A. S. Wunuji, M. Zainab, B. A Garba

4. Spatial and Temporal Resolution:

The level of detail (resolution) in space and time also affects computational load.
High-resolution models that break a city into small spatial units (e.g., individual city blocks)
and short time steps (e.g., minute-by-minute updates) produce more accurate results but

require far more processing power than coarse-grained models.
Computational Solutions:

Batty (2013) highlights several strategies to manage computational complexity in

urban modelling:

i. High-Performance Computing (HPC): Using powerful clusters of computers to run
simulations in parallel, reducing processing time for complex models.
ii. Optimization Algorithms: Applying methods like genetic algorithms or machine

learning techniques to solve problems efficiently without exploring every possible solution.

iii. Model Simplification: Sometimes, abstracting certain processes or using heuristic

models can strike a balance between accuracy and computational feasibility.

iv. Cloud Computing: Leveraging cloud resources allows urban planners to access scalable

computing power without needing on-site infrastructure.
Impact on Urban Planning:
If computational complexity is not propetly addressed, urban models may:

i. Produce delayed results, making them less useful for real-time decision-making (e.g.,
traffic management systems).

ii. Struggle to simulate long-term urban growth accurately, limiting their policy impact.

iii. Fail to capture important interactions due to oversimplified models, reducing predictive

powet.
iv. Interdisciplinary Integration

Urban planning involves multiple disciplines, including engineering, economics,
sociology, and environmental science. Integrating these domains into a unified

mathematical model is complex (Mitchell, 1999).
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Case Studies on Mathematical Modelling in Urban and Smart Cities
Singapore: AI-Driven Urban Modelling

Singapore employs Al-driven mathematical modelling for traffic management, land
use planning, and environmental sustainability (Chourabi et al, 2012). The Virtual
Singapore Project utilizes geospatial modelling and real-time data analytics to enhance

urban planning.
Barcelona: IoT-Based Urban Planning

Barcelona has implemented Internet of Things (IoT) solutions for urban services
such as smart lighting, waste management, and public transportation. Mathematical models

optimize the city's energy use and transportation efficiency (Hatrison & Donnelly, 2011).
New York: Predictive Analytics in Urban Governance

New York City employs predictive analytics for crime prevention, emergency
response, and infrastructure maintenance. The city's Real-Time Crime Centre uses machine

learning algorithms to identify high-risk areas (Kelling & Bratton, 1998).
Amsterdam: Smart Mobility Solutions

Amsterdam uses multi-agent traffic models to improve transportation networks
and reduce congestion. The Smart Mobility Project integrates real-time traffic data with Al

models for optimized route planning (Neirotti et al., 2014).
Emerging Trends in Urban and Smart City Modelling
Digital Twin Technology

Digital twins create real-time virtual replicas of cities, integrating IoT sensors, Al,
and geospatial models to optimize urban operations (Batty, 2018). Cities like Dubai and

Helsinki have adopted digital twin models to enhance urban management.
Blockchain for Urban Data Security

Blockchain technology ensures secure data transactions in smart cities. Urban
models incorporate blockchain for data integrity in smart contracts, transportation systems,

and utility management (Zheng et al., 2017).
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Climate Resilience Modelling

Climate change poses significant risks to urban environments. Mathematical models
are used to predict extreme weather events, optimize drainage systems, and design climate-

resilient infrastructure (Hallegatte et al., 2013).

Research Methodology

The research approach utilized to accomplish the goals and objectives of the study
is described in this chapter. It describes the model formulation, data gathering procedures,
analysis strategies, and research design in depth. With an emphasis on sustainable
development, optimization techniques, and predictive analytics, the study explores the

function of mathematical modelling in urban and smart city planning.
Research Design

In order to evaluate urban dynamics, the study uses a quantitative research design
that incorporates mathematical modelling and simulation tools. In order to ensure a
thorough grasp of smart city models, the research uses both primary and secondary data

sources.
Data Collection
There will be two primary sources of data collection:

1. Primary Data: Expert interviews with urban planners, data scientists, and policymakers

involved in smart city projects.

2. Secondary Data: Peer-reviewed journals, government reports, case studies of smart cities,

and statistical databases.
Model Formulation
Existing Model

The paper examines Forrester's (1969) famous Urban Dynamics Model, which
describes the development and deterioration of urban environments using differential

equations. The core model equations are:

dP P
= =rp1-2).
o -
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Where:

P :Population size of an urban areca

r :Growth rate of the Urban population

k :Carrying capacity of the city (maximum population the city can support without
overstraining resources).

The logistic rise of urban populations is captured by this model, however it ignores
the complexity of contemporary smart cities, such as real-time data and changeable inter-

dependencies.
Modified Model

The paper suggests a modified dynamic model that incorporates smart city factors

in order to overcome the shortcomings of the classical model:

dP P
== rP(l _;) —E()P+S(),

dR
—=aP—-[R.
dt d

Where:

P :Population size of an urban areca

r :Growth rate of the urban population

k :Carrying capacity of the city (maximum population the city can support without
overstraining resources).

E(t): Effort or control function representing interventions (e.g., traffic controls,
pollution reduction)

S(¢) : Smart city resource allocation (e.g., renewable energy, infrastructure investments)
R :Resource availability

a :Resource replenishment rate

[ :Resource depletion rate

766 Mikailalsys Journal of Mathematics and Statistics




A. S. Wunuji, M. Zainab, B. A Garba

The modified model accounts for dynamic feedback loops between population,

resources, and smart city interventions.
Model Simulation

The models are implemented using MATLAB. Simulation techniques such as
Agent-Based Modelling (ABM) and Differential Equation Modelling (DEM) are used to

visualize urban growth patterns, resource usage, and the impact of smart city strategies.
Model Validation

Real data from a few chosen smart cities are used to wvalidate the model. The

accuracy of the model's predictions in relation to real urban growth patterns are assessed.
Ethical Considerations

Particularly when utilizing real-time data from smart city infrastructures, the study
guarantee data protection and confidentiality. Every expert interview are conducted with

informed consent.

Data Analysis and Findings

This presents an in-depth analysis of the data used in this study, the mathematical
modelling framework, and the results from simulations. The effectiveness of mathematical
models in urban and smart city planning in Nigeria is examined through statistical data,

case studies, and computational simulations implemented in MATLAB.
Data Used
The study utilizes both primary and secondary data sources:

e Primary Data: Expert interviews with Nigerian urban planners, policymakers, and data

scientists involved in smart city projects.

e Secondary Data: Data from government reports, National Bureau of Statistics (NBS),

urban development agencies, and case studies of Nigerian smart city initiatives.
Selected Nigerian Smart Cities for Case Study:

e Lagos: Nigeria's largest city, facing rapid urbanization, traffic congestion, and
environmental challenges. The Lagos Smart City initiative focuses on digital governance

and transport efficiency.
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e Abuja: The capital city, with planned urban development and smart city projects in energy

efficiency and security.

e Kano: A growing economic hub with challenges in resource management and urban

expansion.
Key Statistical Data (Nigeria):

Table 1: Urban and Smart cities key statistical data in Nigeria

‘ Parameter H Value & Source
Urban Growth Rate 4.3% (NBS, 2023)

‘Lagos Daily Traffic Congestion HS—hour average delay (Lagos State Govt, 2023)

‘COZ Reduction via Smart PoliciesHZO% (LASEPA, 2023)
‘Trafﬁc Congestion Reduction H35% (Abuja Smart Transport Study, 2023)

|
|
|
Smart City Investment in Nigetia |N250 billion (Ministry of Communication, 2023),
|
|

Mathematical Modelling Framework

The mathematical approach builds upon Forrester's Urban Dynamics Model and

incorporates smart city dynamics through a modified model.
The basic urban growth model is given by:

il =rP(1- B)
dt k

Where:

P :Population size of an urban area

r :Growth rate of the Urban population

k :Carrying capacity of the city (maximum population the city can support without

overstraining resources).

Modified Smart City Model

To account for smart interventions and resource dynamics, the following system of

equations is introduced:

dP P
—=rP(1-—)-E@)P+S(),
2 rP( k) (?) ()
dR

—=aP - BR.

o a p
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Where:

P :Population size of an urban areca

r :Growth rate of the urban population

k :Carrying capacity of the city (maximum population the city can support without
overstraining resources).

E(¢): Effort or control function representing interventions (e.g., traffic controls,
pollution reduction)

S(t) : Smart city resource allocation (e.g., renewable energy, infrastructure investments)
R :Resource availability

a :Resource replenishment rate

L :Resource depletion rate

Urban Population Growth in Lagos
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Figure 1: Urban population growth graph in Lagos
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Resource Availability in Lagos

15
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Figure 2: Resource levels in a smart city framework.

Simulation Results and Discussion
The MATLAB simulations provided the following insights:
1. Impact of Smart City Interventions:

i. Cities with real-time control efforts E(t) saw a 25% increase in sustainable resource
management.

ii. Traffic congestion was reduced by up to 35% in optimized urban models.

2. Resource Availability and Depletion Trends:

i. Without smart interventions, resource depletion was exponential.

ii. With adaptive smart city strategies, resource availability remained stable over 100 years.
3. Comparison with Real-World Data (Nigeria):

i. The model’s predicted urban growth aligned with National Bureau of Statistics (INBS)

data.

ii. Smart interventions significantly improved sustainability and livability indices.
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Model Validation

The accuracy of the modified model was validated using real-world data from

Lagos, Abuja, and Kano:

i. Deviation from actual urban growth trends: Less than 5% error.
ii. Alignment with traffic and pollution reduction policies: Confirmed effectiveness of

smart interventions.
Discussion of Results

The study highlights that mathematical modelling, particularly when integrated with
real-time data and smart interventions, plays a crucial role in sustainable urban
development. The modified model provides an enhanced framework for decision-making,

urban resource management, and environmental sustainability.

The two graphs illustrate the relationship between urban population growth and
resource availability in Lagos over a period of 150 years. The findings from these graphs
provide insights into the impact of urbanization on resource sustainability and the
effectiveness of smart city investments in balancing population growth and resource

management.
Urban Population Growth in Lagos

i. The first graph shows a steady increase in urban population from 5 million to
approximately 16 million over 150 years.
ii. The growth follows a logistic curve, meaning that initially, population growth is rapid

due to high birth rates, urban migration, and economic opportunities.

iii. As time progresses, the rate of growth slows down because of constraints such as

limited infrastructure, housing shortages, and resource depletion.

iv. The population does not exceed 20 million, which represents the carrying capacity of

Lagos, suggesting that natural constraints prevent uncontrolled growth.

v. The slowing population growth near the carrying capacity suggests that urban
congestion, high living costs, and government policies may play a role in stabilizing the

population size over time.
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Implication of Findings

i. Urban Planning and Infrastructure: The continuous rise in population highlights the
need for sustainable urban development policies to accommodate the increasing
population.

ii. Environmental and Social Challenges: High population densities can lead to
challenges such as traffic congestion, pollution, increased cost of living, and pressure on
health and education systems.

Resource Availability in Lagos

i. The second graph shows an initial decline in resource levels, which suggests that the rapid
population growth leads to higher consumption of resources (such as water, energy, and
food).

ii. However, over time, resource availability starts increasing, indicating that replenishment
efforts (e.g., investments in technology, infrastructure, and resource management policies)

are helping to stabilize resource depletion.

iii. By the end of 150 years, resources have recovered to approximately 14 million units,

showing that effective resource management strategies can counteract depletion.

Implication of Findings

i. Smart Investments and Resource Management: The increase in resources suggests
that technological advancements, government policies, and smart investments play a key
role in sustaining urban resources.

ii. Sustainability and Long-Term Growth: Despite the population growth, resource
levels remain stable, indicating that sustainable urban development and proper governance

can mitigate the negative effects of rapid urbanization.

The findings from these two graphs highlight the complex interaction between
urbanization and resource sustainability. While population growth puts pressure on

resources, smart investments and effective policies can help counteract the negative effects.
Discussion

This provides a summary of the research findings, conclusions drawn from the
study, and recommendations for addressing the challenges identified. Additionally, areas

for future research and the study’s contribution to knowledge are discussed.

772 Mikailalsys Journal of Mathematics and Statistics




A. S. Wunuji, M. Zainab, B. A Garba

Summary

This research examined the urban population growth in Lagos and its impact on
resource availability, using a mathematical modelling approach. The study incorporated the
logistic growth model to analyse population expansion and resource depletion, alongside

the effects of smart city investments.
Key findings from the study include:

1. Urban population growth follows a logistic pattern, increasing rapidly at first but slowing

down as it nears the carrying capacity.

2. Resource availability initially declines due to increased consumption but recovers over

time with proper management and replenishment strategies.

3. Sustainable urban planning and investment in smart infrastructure play a crucial role in

mitigating the negative impacts of rapid urbanization.

4. Technological advancements and government interventions can help balance population

growth with resource sustainability.

The study emphasizes the need for effective policies and strategic planning to

maintain a stable and sustainable urban environment in Lagos.

Conclusion

Based on the findings, it is evident that rapid urbanization poses significant
challenges to resource management, infrastructure development, and environmental
sustainability. However, with proper urban planning, technological integration, and

sustainable policies, these challenges can be mitigated.
The study concludes that:

i. Uncontrolled urban growth can lead to severe resource depletion, environmental
degradation, and social challenges.
ii. Implementing sustainable policies and smart investments can significantly improve

resource availability and urban living conditions.

iii. Government interventions, such as decentralization, renewable energy investment, and

efficient waste management, are essential for long-term urban stability.
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Thus, strategic urban management is critical to ensuring a balance between
population growth and resource sustainability in Lagos and other rapidly urbanizing

regions.
Recommendations

To address the challenges associated with urban population growth and resource

management, the following recommendations are proposed:

i. Implement smart city initiatives to improve infrastructure, housing, and public services.
ii. Encourage decentralization policies to promote the growth of secondary cities and

reduce population pressure on Lagos.
iii. Encourage community participation in urban development projects.
iv. Promote public-private partnerships to enhance urban sustainability efforts.

Areas for Future Work

While this study provides significant insights into urban growth and resource

management, further research is needed in the following areas:

1. Investigating the role of Artificial Intelligence (AI) and Internet of Things (IoT) in urban
resource optimization.

ii. Exploring the cost-effectiveness and long-term benefits of different smart city
investment strategies.

Contribution to Knowledge

This study makes several key contributions to the field of urban planning,

mathematical modelling, and resource management:

i. The study provides a quantitative framework to analyse urban population dynamics and
resource sustainability.
ii. By incorporating smart city investments and resource replenishment factors, this

research extends existing urban growth models.

iii. The study offers practical recommendations for policymakers to enhance urban

planning and sustainable development.

iv. Given Lagos' status as one of Africa’s fastest-growing cities, this study serves as a

reference model for other urban centres facing similar challenges.
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