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Abstract 
Urbanization is currently one of the most influential processes changing 
natural environments around the world. As human populations increase and 
economic activities expand, cities continue to grow outward. This expansion 
often occurs at the expense of natural landscapes such as forests, wetlands, 
grasslands, and farmland, which are frequently converted into residential 
areas, roads, and other forms of infrastructure. This review explores the various 
ways in which rapid urban growth influences natural ecosystems, focusing on 
key aspects such as biodiversity patterns, water systems, soil dynamics, 
ecological relationships, and the provision of ecosystem services. Findings from 
studies conducted in different regions of the world consistently demonstrate that 
urban development significantly alters natural habitats. One of the most 
immediate consequences is the loss and fragmentation of habitats, which 
disrupts ecological connectivity and threatens many native species. Urban 
environments tend to favor species that can easily adapt to human-dominated 
landscapes, while more sensitive and specialized organisms gradually decline or 
disappear. As a result, ecological communities in cities often become more 
uniform, a phenomenon commonly referred to as ecological homogenization. 
Urban expansion also has profound effects on hydrological processes. The 
replacement of permeable natural surfaces with impervious materials such as 
concrete and asphalt increases surface runoff and decreases the natural 
infiltration of water into the soil. This disrupts groundwater recharge and often 
contributes to flooding and the degradation of freshwater ecosystems. In 
addition, the reduction of vegetation cover and changes in soil structure 
diminish several vital ecosystem services, including carbon storage, climate 
regulation, pollination, and natural water filtration. Despite these challenges, 
recent research highlights several promising strategies that can help mitigate the 
ecological impacts of urbanization. Approaches such as the development of 
green infrastructure, the creation of ecological corridors, ecosystem-based urban 
governance, and nature-based restoration initiatives are gaining increasing 
attention. Furthermore, modern technologies including remote sensing, 
geographic information systems (GIS), and ecological modeling, provide 
powerful tools for monitoring environmental changes and supporting informed 
decision-making. Overall, the evidence suggests that although urbanization 
presents serious risks to natural ecosystems, its negative effects can be 
significantly reduced through sustainable urban planning and the integration 
of ecological considerations into development policies. This review aims to 
provide valuable insights for researchers, urban planners, and policymakers 
who seek to design cities that promote both human development and long-term 
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ecological resilience. 
 
INTRODUCTION 
Urbanization refers to the constant growth of 
city areas and towns. This growth has been 
damaging the natural variety of life in the cities 
mainly due to loss of living spaces, separation, 
and pollution. Natural ecosystems getting 
converted into man, made environments result 
in a drop in species diversity as forests, 
wetlands, and grasslands get replaced by 
housing and roads. However, urban green 
spaces (parks, gardens, urban forests, green 
roofs) act as critical habitats that can alleviate 
negative impacts to some extent only. Besides 
that, green roofs and urban farming also 
provide more habitats for various species. 
Creating habitats that are interconnected 
allowing animals to move through corridors 
also need to be considered. Introducing native 
plants and making green areas biodiverse and 
multi, functional also help to increase 
biodiversity (Devi, S. (2024). 
Today, according to the World Urbanization 
Prospectus 2018 revised edition of the United  

 
 
Nations Department of Economic and Social 
Affairs, by 2050, a rough estimate, 55% of the 
world population will be living in cities and the 
global urbanization rate is expected to reach 
68%. Ecosystem health (ESH) in Liupanshui, a 
karst region in Southwest China, was assessed 
from 1990, 2015 using the Pressure, State, 
Response (PSR) framework. The research 
revealed that ESH deteriorated at first and then 
improved after 2000 due to the policies that 
aimed at returning farmland to 
forests/grasslands and at the management of 
mining areas. Urbanization has been found to 
negatively impact ecosystem health (Moran's I 
values indicated that there was a significant 
negative spatial autocorrelation). Mining areas 
were particularly associated with lower ESH 
when comparing the buffer zones of 2km with 
the regions around them. The study also used 
karst, related factors such as the sensitivity of 
rocky desertification and steep slope cultivation 
(Zhang, and others (2021).  

 

 
Figure 01. Global population explosion due to increase in urban growth rate 

 
Urban pressures on ecosystems are not uniform 
they vary by region, depth of development, and 
governance contexts. Highly urbanized regions, 
such as megacities, exhibit more intense 
impacts on natural habitats and ecosystem 
services than small or mid-sized cities. However, 
even smaller urban centers contribute to 
cumulative ecological change when considered 
at global scales. The spatial and temporal 
dynamics of urbanization complicate efforts to 

monitor and manage these impacts, making 
empirical research essential for evidence-based  
policy, sustainable planning, and conservation 
strategies (Wang et al., 2020).  
Urban areas transform natural landscapes as 
they change forests, grasslands, wetlands, and 
agricultural land into impermeable surfaces and 
install infrastructure. As a result, animals and 
plants lose their homes, the environment gets 
divided and degraded, which are the main 
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reasons of global biodiversity loss (Simkin et al., 
2022).  
When cities grow, they also change water cycles, 
increase pollution, and break native living 
networks, thus making ecosystems less capable 
of withstanding environmental stress (Zhang et 
al., 2025). Besides that, urban sprawl is not 
confined within city limits only, as it can reach 
into the rural and natural areas that surround 
the city through the effects of the road network, 
resource consumption, and changes in 
ecological flows (Ren et al., 2022). 
Urbanization impacts not just the physical 
environment but also ecological interactions, 
species behavior, and the provision of 
ecosystem services that are vital to humans 
Fragmentation of habitats, for instance, 
changes the distribution of species that may 
cause local extinction. Also, land use changes 
cause a decline in pollination, water regulation, 
carbon storage, and soil health. When cities 
expand, the struggle between economic 
development and ecological sustainability 
becomes more serious, so the issue of balancing 
human well, being and environmental 
protection is raised (Li et al., 2023).  
The article looks at several points. These 
include how urbanization causes changes of 
habitats leading to loss of biodiversity; impacts 
on the services provided by nature; changes in 
ecological interactions and environmental 
degradation; techniques of monitoring and 
modeling of urban ecological changes; and ways 
of reducing the negative effects of urbanization. 
By bringing together the results of research 
from different disciplines, this review is 
designed to help scientists, planners, and 
policymakers in creating more sustainable 
urban futures. 
    
Urbanization, Habitat Loss, and Biodiversity 
Decline 
Among the most well, researched negative 
effects of urban development is the loss of 
natural habitats and decrease in biodiversity. 
When cities grow, their expansion inevitably 
consumes natural habitats, thereby reducing 
the available habitat space and causing 
fragmentation. Urban land development poses 
a serious threat to species diversity of 
vertebrates, plants, and invertebrates. 
Disconnecting the patches further limits the 

species' ability to move, mate, and find 
resources thus rendering these functions 
difficult, Simkin et al., 2022. 
In the twenty-first century, urbanization has 
become one of the most influential human 
activities shaping the Earth’s environment. 
Rapid population growth and economic 
development are driving the continuous 
expansion of cities and industrial areas. As a 
result, large portions of natural landscapes are 
being converted into urban settlements and 
infrastructure systems. This transformation 
affects ecosystems at multiple scales, from local 
habitats to global environmental processes. 
Natural areas such as forests, wetlands, 
grasslands, and agricultural fields are 
increasingly replaced by buildings, roads, and 
other constructed surfaces. Such changes 
disturb ecological balance and increase pressure 
on natural resources. Recent scientific studies 
indicate that uncontrolled urban growth 
contributes to habitat destruction, 
environmental pollution, and increased 
consumption of resources, all of which threaten 
biodiversity and long-term ecological 
sustainability (Hu et al., 2023). 
One of the most noticeable environmental 
effects of urbanization occurs in hydrological 
systems. When natural soil surfaces are covered 
with impermeable materials like concrete and 
asphalt, the land’s capacity to absorb water 
decreases significantly. This limits the natural 
recharge of groundwater while increasing the 
amount of water that flows across the surface. 
Consequently, many urban regions experience 
higher flood risks and changes in natural water 
distribution patterns. Research carried out in 
several watershed areas shows that urban 
development can also alter evapotranspiration 
processes and disrupt the stability of river basin 
ecosystems. These changes ultimately influence 
freshwater availability and the survival of 
aquatic organisms, highlighting the strong 
connection between urban growth and water 
system stability (Li et al., 2023). 
Another major environmental issue related to 
urbanization is the decline in biodiversity. The 
expansion of roads, buildings, and 
infrastructure divides natural habitats into 
smaller and isolated fragments. This 
fragmentation limits the movement of wildlife 
and reduces opportunities for genetic exchange 
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among populations. Urban ecosystems often 
support species that can easily adapt to human-
dominated environments, whereas many native 
species gradually decline due to pollution, 
noise, and the loss of natural habitats. Over 
time, this process results in ecological 
homogenization, meaning that urban areas in 
different parts of the world begin to share 
similar species compositions. The reduction in 
biodiversity weakens ecosystem resilience and 
decreases the ability of natural systems to adapt 
to environmental changes (Devi, 2024). 
Urban development also affects ecosystem 
services, which are the natural benefits 
ecosystems provide to support human life. 
Converting natural land into urban 
infrastructure reduces services such as carbon 
storage, natural water purification, soil 
stabilization, and climate regulation. Studies 
using spatial and temporal analyses have shown 
that the loss of ecosystem services becomes 
more pronounced as urban density increases. 
These findings highlight the importance of 
responsible land-use planning and sustainable 
urban design to ensure that economic 
development does not come at the cost of 
ecological health (Cheng et al., 2023). 
In addition to physical changes in landscapes, 
urbanization can also modify ecological 
relationships among species. Altered habitats 
and the availability of artificial food sources 
influence animal behavior, feeding patterns, 
and community structures. These changes may 
affect trophic interactions, nutrient cycling, and 
other important ecosystem processes. 
Researchers suggest that such shifts represent 
deeper transformations in ecosystem 
functioning within landscapes heavily 
influenced by human activities (Biswas et al., 
2022). 
Despite these challenges, recent studies also 
highlight several promising solutions. 
Approaches such as ecological restoration, 
green infrastructure development, and 
sustainable urban planning are increasingly 
recognized as effective strategies for reducing 
environmental degradation. Initiatives like 
urban stream restoration, the establishment of 
green corridors, and environmentally conscious 
planning models have shown positive outcomes 
in improving biodiversity and strengthening 
ecosystem resilience. These examples 

demonstrate that it is possible to balance urban 
expansion with environmental conservation 
when appropriate strategies are implemented 
(Baradaran Anaraki & Manshour, 2025). 
 
Urbanization and Land-Use Transformation 
Urban expansion significantly alters land-use 
patterns by converting natural vegetation and 
open landscapes into built environments. 
Global research indicates that the growth of 
cities reduces green spaces and increases 
environmental stress through factors such as 
the urban heat island effect and the 
accumulation of pollutants. Predictive 
environmental models suggest that continued 
urban expansion could increase ecological 
vulnerability in the future, particularly in 
rapidly developing and industrializing regions 
(Hu et al., 2023). 
Studies conducted in developing countries also 
show that the conversion of forests, wetlands, 
and agricultural land into urban infrastructure 
leads to a noticeable decline in ecosystem 
service values. These land-use changes reduce 
soil fertility, lower carbon storage potential, and 
weaken the natural regulatory processes that 
maintain ecological balance. Altogether, these 
impacts highlight the significant environmental 
costs associated with poorly planned urban 
growth (Sannigrahi et al., 2019). 
 
Urbanization and Hydrological Ecosystems 
Water systems are especially sensitive to the 
impacts of urban development. Changes in 
natural drainage patterns and the widespread 
use of impermeable surfaces alter watershed 
dynamics and disrupt the natural flow of water. 
Advanced analytical studies have shown that 
urbanization reduces groundwater recharge 
while increasing the volume of surface runoff. 
These changes disturb the natural balance of 
water systems and increase the likelihood of 
flooding in urban areas (Li et al., 2023). 
Urban streams are particularly vulnerable to 
these disturbances. Activities such as channel 
modification, wastewater discharge, and storm 
water runoff often degrade water quality and 
make habitats unsuitable for many aquatic 
species. However, restoration projects that 
incorporate ecological stream design into urban 
planning have shown encouraging results. Such 
initiatives have improved water quality and 
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helped restore ecosystem functions in urban 
water bodies (Baradaran Anaraki & Manshour, 
2025). 
 
Biodiversity Loss and Ecological Degradation 
Urbanization strongly influences biodiversity 
patterns within ecosystems. Habitat 
fragmentation and environmental disturbance 
caused by urban infrastructure often lead to a 
reduction in species diversity and changes in 
ecological community structures. Many native 
species struggle to survive under urban 
conditions, while adaptable and invasive species 
become more dominant. 
Changes in species composition can also affect 
ecosystem functioning. Studies focusing on 
animal communities suggest that urban 
development can alter important ecological 
processes such as nutrient cycling, organic 
matter decomposition, and overall ecosystem 
productivity. When functional diversity 
declines, ecosystems become less stable and less 
capable of recovering from environmental 
disturbances (Ditria et al., 2024). 
 
Urbanization and Ecosystem Services 
Ecosystem services are essential for maintaining 
environmental quality and supporting human 
well-being. However, increasing urban 
development often leads to a gradual decline in 
these services. Spatial and temporal analyses 
show that functions such as climate regulation, 
soil conservation, and natural water 
purification decrease as vegetation cover is 
reduced due to urban expansion (Cheng et al., 
2023). 
Urban growth also introduces several 
additional environmental pressures, including 
air pollution, waste accumulation, and land 
degradation. These combined stresses reduce 
the efficiency of natural ecosystems and create 
further challenges for sustainable 
environmental management in urban areas 
(Patel & Raval, 2024). 
 
6. Changes in Ecological Interactions and 
Wildlife Behavior 
Urban environments significantly influence the 
way species interact with each other and with 
their surroundings. As cities expand, natural 
habitats are replaced or altered, and animals 
begin to rely more on human-generated food 

sources such as garbage, food waste, and other 
urban resources. These changes affect how 
wildlife searches for food and how different 
species compete or cooperate within the 
ecosystem. Studies on urban scavenger 
communities have shown that the availability of 
anthropogenic food can lead to noticeable 
changes in feeding behavior and interactions 
among species. Such behavioral shifts may also 
influence the movement of nutrients through 
ecosystems, ultimately affecting ecological 
balance. Therefore, urbanization does not only 
reduce the number of species in an area but 
also reshapes essential ecological processes that 
maintain ecosystem health. If urban 
development continues without proper 
planning and conservation efforts, these long-
term ecological changes could threaten the 
stability and sustainability of natural ecosystems 
(Biswas et al., 2022). 
Urban growth pushes into delicate natural 
ecosystems causing soil degradation and loss of 
vegetative cover. Such changes are especially 
drastic in desert areas where the natural 
environment is already under stress due to low 
water availability Rengal et al., 2022. Major city 
clusters in southern China have lost a 
significant part of their forests and wetlands 
leading to a series of negative outcomes for 
local biodiversity (Wang et al., 2020) 
Urbanization can also create novel 
environments where only tolerant species 
survive, leading to biotic homogenization. This 
process reduces global biodiversity as 
widespread urban-adapted species replace 
locally unique ones. Documentation of global 
patterns of biodiversity loss in urban regions, 
highlights that cities often favour generalist 
species at the expense of specialists (Liu et al., 
2025). 
In addition, Zhang examined Southeast Asia’s 
urban expansion and reported that cropland 
and urban growth together reduce natural 
habitat more rapidly than either driver alone. 
This has implications for priority conservation 
areas, as urban sprawl overlaps with biodiversity 
hotspots. Collectively, these studies show that 
habitat loss, fragmentation, and biotic 
homogenization are pervasive outcomes of 
urban growth and pose long-term challenges for 
biodiversity conservation (Zhang et al., 2025). 
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7. Impacts on Ecosystem Services 
Ecosystem services represent the advantages 
humans derive from nature, such as water 
supply, air purification, pollination, climate 
regulation, etc. The process of urbanization 
changes how these services are provided, where 
they are, and how good they are) pointed out 
that urbanization has a different impact on 
ecosystem services at various locations along 
spatial gradients. In downtown areas, air 
filtration and some other services may be 
impaired as a result of paved surfaces and 
pollution. On the other hand, land, use 
changes in outer, urban areas might interfere 
with the regulation of water and soil retention, 
Li et al., 2023. 
The variation in nature at different locations 
makes it hard to manage the situation because 
even within one metro area, services are 
different. Wang reported that urban expansion 
in megacity clusters in China has compromised 
water regulation and flood mitigation services 
due to the loss of wetlands and natural 
floodplains. These changes increase 
vulnerability to extreme weather events and 
reduce urban resilience (Wang et al., 2023). 
Ecosystem services modeling has demonstrated 
that the indirect effects of urban expansion can 
be significant. Which, according to their study, 
are generally characterized by lower levels of 
ecosystem services than rural or natural ones 
since vegetation cover, soil quality, and 
hydrological functions are among the most 
severely affected, Li et al., 2024. 
 In their study, Xu have recreated the changes 
in land use as a result of urbanization and 
concluded that ecological networks for services 
like pollination and water purification were 
broken, thus lessening their actual provision. 
Through modifying the biophysical bases of 
services, urbanization has thus remained not 
only an issue of ecological function but also of 
human well, being. A decrease in ecosystem 
services can bring about the rise of public 
health hazards, the limitation of recreational 
activities, and an increase in climate change 
susceptibility, particularly in the case of 
economically poorer urban areas, Xu et al., 
2025. 
 
 
 

8. Urbanization and Ecological Interactions 
On top of habitat and services, urbanization 
modifies ecological interactions the ways species 
interact with each other and their environment. 
Urban ecosystems frequently generate new 
types of human, domestic animal, and wildlife 
interactions .Moreover pollination processes 
might be different in urban areas, with some 
pollinators benefiting from gardens while 
others suffering from a lack of floral variety and 
the presence of pesticides, Theodorou et al., 
2022. 
Urbanization also alters predator prey 
interactions. Ecologists studied scavenger 
behavior in human, dominated environments 
and observed changes in foraging strategies and 
community structure. Such changes can 
influence nutrient cycling, decomposition, and 
food web stability, Biswas et al., (2022). 
Furthermore, the local ecological knowledge 
(LEK), the knowledge communities have about 
the functions of ecosystems, is subject to the 
influence of local urbanization. Typically, as 
rural communities become urban, traditional 
ways of managing the environment are lost, 
thus, decreasing the level of ecosystem 
stewardship (Rangel et al., 2024).            
              
9. Carbon Emissions and Land Conversion 
Urban development increases greenhouse gas 
emissions while reducing natural carbon sinks. 
The removal of vegetation combined with 
expanding infrastructure intensifies climate-
related ecological stress. Without sustainable 
planning, the imbalance between emissions and 
sequestration may further destabilize ecosystem 
functioning (Chen et al., 2021). 
 
 10. Policy, Mitigation, and Sustainable Urban 
Planning 
One can follow changes brought about by 
urbanization at different scales and over time 
through the use of remote sensing and 
modeling technologies which have drastically 
improved, came up with a grid, based 
monitoring system that facilitates the capturing 
of urban ecosystem changes, thus enabling the 
measuring of service values as the city develops 
(Shao et al. 2021). 
 Mapping of land, use change in Indonesian 
cities with several geographic information 
systems (GIS) to demonstrate how 
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environmental degradation accompanies the 
pattern of urban growth. This kind of work 
enables the location of priority areas for nature 

conservation and sustainable urban planning 
(Noviani et al., 2025). 

 
 

 
Figure 02. How increasing urban growth affecting ecosystem in different ways 

 
11. Ecosystem Multifunctionality and Urban 
Expansion 
Urban expansion affects ecosystems in 
interconnected ways rather than causing 
isolated damage. When natural land is 
converted into built-up infrastructure, soil 
structure declines, vegetation cover reduces, 
and nutrient retention weakens. Urbanization 
places multiple pressures on ecosystems, 
reducing their ability to provide essential 
environmental services. Natural systems play an 
important role in functions such as carbon 
sequestration, regulation of water cycles, and 
the conservation of biodiversity. However, as 
urban development becomes more intense, 
these ecological services gradually weaken. The 
increasing conversion of natural land into built 
environments disrupts ecosystem balance and 
makes ecological systems more susceptible to 
additional environmental stress and 
disturbances (Hu et al., 2018). 
 
 
 
 

 
12. Landscape Fragmentation and 
Connectivity 
The pattern and structure of urban expansion 
have a strong influence on ecosystem health. 
When cities grow in a scattered or poorly 
planned manner, continuous habitats are 
divided into smaller and isolated patches. This 
fragmentation restricts the movement of 
wildlife and limits genetic exchange between 
populations. Over time, these isolated habitats 
weaken ecological networks and increase the 
risk of species decline or extinction, particularly 
for sensitive organisms. For this reason, 
maintaining green corridors and ecological 
linkages is essential for supporting biodiversity 
in rapidly urbanizing regions (Wu & Zhang, 
2017). 
 
13. Urban Heat Island and Vegetation Stress 
Urban areas often experience higher 
temperatures than surrounding rural 
landscapes due to the urban heat island effect. 
These elevated temperatures can significantly 
influence plant physiology and growth patterns. 
Increased heat levels may alter photosynthesis 
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rates, intensify evapotranspiration, and disturb 
natural seasonal growth cycles. As a result, 
plant communities in cities may gradually shift, 
with heat-tolerant species becoming more 
dominant while sensitive native plants decline. 
Such changes in vegetation composition can 
ultimately affect the productivity and stability of 
urban ecosystems (Zhou et al., 2019). 
 
14. Ecological Vulnerability Assessment 
The growing intensity of urban development 
increases environmental stress on ecosystems, 
making them more vulnerable to degradation. 
Scientists often use ecological indicators to 
measure these changes. For example, decreasing 
vegetation indices, increasing land surface 
temperatures, and signs of soil degradation can 
collectively indicate rising ecological 
vulnerability. By integrating spatial data and 
environmental indicators, researchers can 
better assess the stability of ecosystems and 
identify areas that are at greater risk due to 
continued land transformation (Li et al., 2020). 
 
15. Soil Microbial Dynamics 
Urbanization also affects the biological 
properties of soil. In cities, soils are frequently 
exposed to pollution, physical compaction, and 
reduced organic matter inputs. These 
conditions can alter microbial diversity and 
activity. Since soil microorganisms play a crucial 
role in decomposition and nutrient cycling, 
changes in microbial communities can 
influence soil fertility and ecosystem 
functioning. A decline in microbial diversity 
may therefore reduce long-term productivity 
and ecological sustainability in urban 
environments (Wang et al., 2016). 
 
16. Monitoring and Modeling Urban 
Ecological Change 
Modern technological tools have greatly 
improved the ability of researchers to monitor 
ecological changes caused by urbanization. 
Remote sensing techniques and ecological 
modeling allow scientists to observe 
environmental transformations across large 
geographic areas and over long periods of time. 
For example, grid-based monitoring systems 
have been developed to track dynamic changes 
in urban ecosystems and to quantify variations 

in ecosystem service values as cities expand 
(Shao et al., 2021). 
Geographic Information Systems (GIS) are also 
widely used to analyze land-use change in urban 
areas. Studies mapping land transformation in 
Indonesian cities demonstrate how patterns of 
urban expansion are closely linked with 
environmental degradation. Such analytical 
tools help researchers and planners identify 
areas that require conservation attention and 
guide strategies for more sustainable urban 
development (Noviani et al., 2025). 
In addition, bibliometric analyses reveal a 
growing global research focus on the ecological 
impacts of urbanization. Studies conducted by 
Çelik and Çelik (2024) and Soni (2025) 
highlight the increasing number of scientific 
publications addressing this issue, reflecting a 
broader recognition within the academic 
community of the importance of understanding 
and managing urbanization’s environmental 
consequences. 
 
17. Stormwater and Wetland Degradation 
Urban development often increases the amount 
of impervious surfaces such as roads, 
pavements, and buildings. These surfaces 
prevent rainwater from naturally soaking into 
the soil and instead accelerate stormwater 
runoff. As this runoff moves across urban areas, 
it carries pollutants, nutrients, and sediments 
into nearby wetlands. The accumulation of 
these contaminants gradually damages aquatic 
habitats and disturbs ecological balance. Over 
time, wetlands may lose their natural ability to 
purify water, regulate hydrological cycles, and 
support diverse plant and animal species (Smith 
et al., 2018). 
 
18. Wildlife Behavioral Adaptation 
Urban environments require wildlife species to 
modify their behavior in order to survive in 
altered habitats. Animals may change their 
feeding strategies, nesting sites, and daily 
activity patterns to adapt to the presence of 
humans and limited natural resources. Some 
generalist species are able to adjust successfully, 
while specialized species that rely on specific 
habitats often decline. These behavioral 
changes influence food webs and reshape 
species interactions, ultimately affecting the 
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structure of ecological communities in urban 
ecosystems (Brown & Evans, 2022). 

 

 

Figure 03. Remote sensing and monitoring of urbanization impacts 
 
 19. Green Infrastructure and Resilience 
The incorporation of green infrastructure 
within urban landscapes can play a vital role in 
strengthening ecological resilience. Features 
such as parks, green roofs, urban forests, and 
ecological corridors help moderate urban 
temperatures, enhance water infiltration, and 
provide habitats for various species. By 
integrating these green elements into urban 
design and planning, cities can improve 
environmental stability and promote 
sustainable ecosystem functioning even in 
highly developed areas (Green et al., 2020). 
 
20. Heavy Metal Pollution 
Industrial activities, vehicular emissions, and 
other urban processes contribute to the 
accumulation of heavy metals in urban soils. 
These toxic elements can negatively affect plant 
growth and disturb soil-dwelling organisms that 
play important roles in nutrient cycling. Over 
time, the buildup of heavy metals may lead to 
long-term soil degradation and pose ecological 
as well as public health risks. Therefore, 
monitoring and managing heavy metal  
 

 
contamination is essential for maintaining 
healthy urban ecosystems (Khan et al., 2019). 
 
21. Satellite Monitoring of Urban Sprawl 
Technological advances in remote sensing have 
enabled researchers to monitor urban 
expansion with greater accuracy. Satellite 
imagery reveals how built-up areas continue to 
spread into surrounding natural landscapes. 
This expansion is often accompanied by a 
decline in vegetation cover and an increase in 
land surface temperature. Satellite-based 
observations provide valuable data that can 
support informed decision-making and guide 
sustainable urban planning strategies (Liu et al., 
2023). 
 
22. Habitat Loss and Extinction Risk 
As cities expand, natural habitats are reduced 
in size and become increasingly fragmented. 
This process significantly raises the risk of 
extinction for many species, particularly those 
that depend on large and continuous habitats. 
Regions that are rich in biodiversity are 
especially vulnerable when urban development 
occurs without proper environmental 
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safeguards. Effective conservation-oriented 
planning is therefore necessary to minimize 
habitat loss and protect ecological diversity 
(Johnson et al., 2017). 
 
23. Nature-Based Solutions 
Nature-based solutions are increasingly 
recognized as effective strategies for improving 
environmental conditions in urban areas. 
Initiatives such as reforestation, wetland 
restoration, and the establishment of green 
buffer zones help restore ecological balance and 
enhance ecosystem services. These approaches 
rely on natural processes to address 
environmental challenges and often provide 
more sustainable and cost-effective alternatives 
to purely engineered solutions (Anderson & 
Lee, 2024). 
 
24. Ecological Networks 
Creating interconnected green spaces across 
urban landscapes helps maintain ecological 
connectivity. Such ecological networks allow 
species to move between habitats, reducing 
genetic isolation and supporting population 
stability. By incorporating connectivity 
principles into city planning, urban areas can 
better sustain biodiversity and maintain long-
term ecological functioning (Martinez et al., 
2018). 
 
25. Ecosystem-Based Governance 
Urban environmental management becomes 
more effective when governance systems 
integrate ecological considerations into policy 
frameworks. Governments that prioritize green 
infrastructure, environmental conservation, 
and sustainable land-use practices often achieve 
improved ecosystem outcomes. Strong 
institutional commitment and coordinated 
policy implementation are essential for 
reducing ecological degradation and promoting 
sustainable urban development (Patel & Raval, 
2021). 
 
26. Biodiversity Hotspots and Urban Growth 
Recent global studies indicate that urban 
expansion is increasingly occurring within or 
near biodiversity hotspots. These regions 
contain exceptionally high levels of species 
diversity and endemism, making them 
particularly valuable for conservation. When 

urban growth overlaps with such areas, it 
intensifies environmental pressures and 
accelerates biodiversity loss. Careful land-use 
regulation and proactive conservation strategies 
are therefore required to balance development 
needs with ecological protection (Seto et al., 
2020). 
 
27. Climate–Urban Interaction 
Urbanization and climate change often interact 
in ways that intensify environmental stress. 
Rising temperatures, combined with the 
conversion of natural landscapes into built 
environments, reduce the reliability of 
ecosystem services and weaken ecological 
resilience. To address these challenges, urban 
planning must incorporate climate-sensitive and 
adaptive strategies that support sustainable 
environmental management in the future 
(Davis et al., 2022). 
 
28. Watershed Transformation 
Urban growth can significantly alter the natural 
functioning of watersheds. The expansion of 
impervious surfaces increases surface runoff 
while reducing the soil’s ability to absorb water. 
These hydrological changes can destabilize 
freshwater ecosystems and threaten aquatic 
biodiversity. In the long term, alterations in 
watershed processes may also affect regional 
water availability and security (Hernandez et al., 
2019). 
 
29. River Ecosystem Quality 
Rivers flowing through metropolitan areas 
often experience declining ecological health 
due to pollution, habitat modification, and 
urban infrastructure development. Indicators 
such as reduced macroinvertebrate diversity and 
changes in biological communities reflect 
increasing environmental stress. Continuous 
monitoring, pollution control, and ecological 
restoration efforts are necessary to maintain the 
health and sustainability of urban river 
ecosystems (Garcia et al., 2016). 
 
30. Long-Term Urban Intensification 
Over time, increasing urban intensification can 
lead to cumulative environmental impacts. 
Continuous habitat alteration, biodiversity loss, 
disrupted nutrient cycles, and declining 
ecosystem resilience may occur if development 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


Spectrum of Engineering Sciences   
ISSN (e) 3007-3138 (p) 3007-312X   
 

https://thesesjournal.com             | Mahmood et al., 2026 | Page 578 

remains unchecked. Without sustainable 
planning frameworks and conservation 
strategies, these long-term changes may become 
difficult to reverse. Strategic and 
environmentally conscious urban planning is 

therefore essential to mitigate ecological 
degradation and protect ecosystem stability 
(Thompson et al., 2025). 
 

 
Table 01: Impacts of Global Urban population exposure 

Region Objective Research 
Strategy 

Outcomes Reference 

All over the 
world 

Urban 
Expansion 

representation 
and analysis 

Urbanization harms natural 
biodiversity 

Seto et al. 
(2022) 

All over the 
world 

Loss of 
biodiversity 

Spatial 
representation 

Urbanization cause habitat 
loss 

Simkin et al. 
(2022) 

Dry lands Habitat loss Remote sensing Urbanization threatens 
ecosystem 

Ren et al. 
(2022) 

China  Ecosystem 
management 
strategy  

GIS analysis Reduction of regulation 
services and wetlands 

Wang et al. 
(2020) 

Urban areas Ecosystem 
management 
strategy  

Land escape 
representation 

Urban zone services and 
variations 

Li et al. 
(2023) 

Urban lands Service reduce Spatial analysis Reduction in urban growth 
and ecological value 

Li et al. 
(2024) 

Cities all over 
the world 

Biodiversity Remote sensing Specie decline Liu et al. 
(2025) 

Asia Change 
habitat 

Land use 
representation 

Cropland expansion reduce 
habitat  

Zhang et al. 
(2025) 

Urban regions Ecological 
framework 

Simulation 
representation 

Disturb ecological network Xu et al. 
(2025) 

Urban Pollination Field experiment Alterations in pollination 
process 

Theodorou 
et al. (2022) 

Human lands Scavengers Experimental 
study 

Alteration of tropical 
interactions 

Biswas et al. 
(2022) 

Urban 
populations 

Ecological 
knowledge  

Socio-ecological 
study  

Stewardship weakness Rangel et al. 
(2024) 

Urban regions Monitoring Grid based 
representation 

Monitoring system improved Shao et al. 
(2021) 

Indonesia Land use GIS mapping Correlation of urban growth 
and degradation 

Noviani et 
al. (2025) 

All over the 
world 

Bibilometric 
revision 

Bibilometric 
analysis 

Research attention growth  Celik and 
Celik (2024) 

All over the 
world 

Researches Bibliometric 
analysis 

Increasing research for urban 
growth 

Soni (2025) 

All over the 
world 

Ecology system Conceptual 
research 

Ecosystem effected by urban 
stress 

Patel and 
Ravel (2024) 

Urban Ai tracking Ai 
representation 
modeling 

Biodiversity improved by AI 
monitoring 

Rahmati 
(2024) 

Urban regions Animal 
communities 

Field research Reduce natural functions Ditria et al. 
(2022) 

India GIS Analysis GIS analysis Service reduction due to land Sannigrahi 
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use change et al. (2019) 
All over the 
world 

Urban land 
spread  

Modeling Effect on sustainability by 
urbanization 

Hu et al. 
(2023) 

china Ecosystem cost Spatial analysis Services decreased Cheng et al 
(2023) 

Metropolitan 
areas 

Biodiversity Review Fragmentation of habitat can 
be seen 

Devi et al. 
(2024) 

Urban lake restoration Design analysis Restoration improves 
resilience 

Baradaran et 
al., 2025 

Rivers hydrology Isotopes analysis Water cycle altered Li R et al. 
(2023) 

 
Future Implications 
The findings from the reviewed studies strongly 
indicate that urbanization is one of the most 
influential forces shaping ecological systems 
today. Rather than causing a single type of 
environmental change, urban expansion creates 
a chain of interconnected effects that influence 
land structure, water systems, biodiversity, soil 
conditions, and atmospheric processes. When 
natural landscapes are replaced by buildings, 
roads, and other impermeable surfaces, the 
natural balance of ecosystems is disrupted. This 
transformation affects both the physical 
structure of environments and the ecological 
functions that maintain environmental stability 
under increasing human pressure. 
A major conclusion highlighted in many 
studies is the gradual decline in ecosystem 
multifunctionality as urban areas expand. 
Urban development often weakens soil quality, 
disrupts natural nutrient cycling, reduces 
vegetation cover, and changes local climate 
conditions. Together, these changes limit the 
ability of ecosystems to provide important 
services such as carbon storage, water  
 

 
 
purification, climate regulation, and habitat 
support for wildlife. The spread of impervious 
surfaces also alters natural hydrological systems 
by increasing surface runoff, decreasing 
groundwater recharge, and placing additional 
stress on freshwater ecosystems and aquatic 
biodiversity. 
Another widely reported impact of 
urbanization is the loss of biodiversity. As 
natural habitats become fragmented and 
isolated, many species struggle to survive in 
altered environments. Urban conditions often 
favor adaptable, generalist species, while 
specialized or sensitive native species gradually 
decline. This shift reduces overall species 
diversity and can disrupt important ecological 
relationships, including predator–prey 
interactions and nutrient cycling processes such 
as decomposition. Over time, ecosystems may 
become more uniform in composition, a 
process known as ecological homogenization, 
which can reduce the resilience of natural 
systems and their ability to adapt to 
environmental changes. 
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Table 02: Future Implications of Global Urban population exposure 

Research Theme 
What Previous Studies 
Have Shown 

What Is Still Missing 
(Research Gap) 

Future Research 
Direction 

Urban Biodiversity 

Many studies confirm 
that urban growth 
leads to a reduction in 
species numbers and 
changes in species 
composition. 

Very few studies 
explore changes at the 
genetic level within 
urban wildlife and 
plant populations. 

Future research should 
examine genetic 
diversity and long-term 
evolutionary changes 
in urban ecosystems. 

Ecosystem Services 

Research has 
documented declines 
in ecosystem services 
such as carbon storage, 
water purification, and 
climate regulation due 
to urban expansion. 

Comparisons between 
urban, peri-urban, and 
rural landscapes 
remain limited. 

Integrated landscape-
level studies are needed 
to better understand 
spatial differences in 
ecosystem service 
provision. 

Hydrological Change 

Urbanization is known 
to increase surface 
runoff and reduce 
groundwater recharge. 

There is a shortage of 
long-term datasets that 
track hydrological 
changes over extended 
periods. 

Longitudinal 
monitoring programs 
should be developed to 
assess long-term water 
system dynamics. 

Ecological Networks 

Studies show that 
urban growth disrupts 
ecological connectivity 
and species 
interactions. 

The complexity of 
ecological interaction 
networks in cities is 
still not fully explored. 

More participatory 
planning research is 
needed to integrate 
local and urban 
communities into 
sustainable 
development. 

 
The relationship between urbanization and 
climate change further increases ecological 
vulnerability. Cities typically experience higher 
temperatures due to reduced vegetation and the 
concentration of built surfaces, creating urban 
heat island effects. These elevated temperatures, 
combined with ongoing land conversion, place 
additional stress on ecosystems. At the same 
time, increasing greenhouse gas emissions and 
declining carbon sequestration capacity 
contribute to broader climate instability. The 
interaction between these factors suggests that 
urban ecosystems are facing multiple and 
overlapping environmental challenges. 
Despite these concerns, the scientific literature 
also presents several promising strategies to 
reduce the negative ecological impacts of 
urbanization. The integration of green 
infrastructure, ecological corridors, and nature-
based solutions has shown positive results in 
improving environmental quality in urban 
landscapes. Initiatives such as restoring  

 
wetlands, expanding urban forests, and 
rehabilitating urban streams can help recover 
lost ecological functions and strengthen 
ecosystem resilience. Effective governance and 
urban planning that prioritize ecological 
connectivity and sustainable development can 
play a critical role in maintaining 
environmental balance. 
 
Conclusion 
Overall, urbanization does not necessarily have 
to conflict with ecological sustainability. The 
environmental outcomes of urban growth 
largely depend on how cities are planned, 
managed, and integrated with natural systems. 
Moving forward, urban development strategies 
need to shift from traditional expansion models 
toward more adaptive and ecosystem-centered 
approaches. Through proactive planning, 
continuous scientific monitoring, and 
environmentally responsible design, it is 
possible for urban areas to grow while still 
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protecting the integrity and stability of natural 
ecosystems. 
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