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Abstract 

This literature review investigates the combined impacts of Land Use/Land Cover Change (LULCC) and climate change on natural hazards 

in tropical regions, emphasizing their relevance to Kinshasa. Using a thematic, narrative approach and 144 selected references, the study 

synthesizes global and regional findings on how urbanization, deforestation, and climate variability exacerbate hazards such as flooding, 

landslides, erosion, urban drought, and biodiversity loss. Key mechanisms include increased impervious surfaces, loss of natural buffers, 

hydrological disruption, and altered microclimates. In Kinshasa, these effects are amplified by fragile soils, steep topography, and rapid, 

unplanned urban growth. The study highlights how LULCC drives soil degradation, reduces groundwater recharge, and intensifies flash floods 

and urban heat islands. Concurrently, climate change increases extreme rainfall and drought risk, interacting with land cover changes to amplify 

vulnerability. The results show that Kinshasa’s environmental risks stem from both climatic forces and anthropogenic pressures, producing 

nonlinear, synergistic hazard dynamics. The review concludes that integrated, spatially explicit risk assessments are essential for informing 

adaptive urban planning and resilience strategies. It provides a conceptual foundation for modeling hazard interactions in Kinshasa and supports 

the development of targeted mitigation measures in rapidly urbanizing tropical cities. 
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1 Introduction 

Understanding the combined influence of Land Use/Land 
Cover Change (LULCC) and climate change on natural 

hazards is critical in tropical regions, where ecosystems and 

human settlements are particularly sensitive to environmental 

alterations. Tropical areas, such as those in sub-Saharan 
Africa, are characterized by fragile soils, steep rainfall 

gradients, and rapidly expanding urban zones—all factors 

that exacerbate vulnerability to hazards including floods, soil 

erosion, and landslides (Kreier, 2022; Kayitesi et al., 2022). 
Studies have highlighted that LULCC can significantly 

disrupt the hydrological balance by modifying surface albedo, 

vegetation cover, and evapotranspiration patterns—altering 

local microclimates and potentially intensifying extreme 
weather events (Olaniyi et al., 2012; Pielke et al., 2011). 

These biophysical changes, in combination with rising 

climate variability, create cascading risks that demand 

comprehensive assessment. 
In tropical developing cities like Kinshasa, where urban 

sprawl proceeds alongside deforestation and informal 

settlement, the interaction between altered land cover and 
shifting climate patterns can amplify risk profiles (Gogoi et 

al., 2019; Minale & Rao, 2012). Proof of such interaction is 

shown by shifts in rainfall and temperature extremes after 

deforestation, as observed across South Asia and Africa 
(Nayak & Mandal, 2019; Kayitesi et al., 2022). Therefore, it 

is essential to assess the joint effects of LULCC and climate 

change on natural hazards to inform adaptation strategies and 

spatial planning in these contexts. 

2. Methodology 

This literature review was conducted using a narrative 

and thematic approach, aiming to synthesize current 

knowledge on how Land Use/Land Cover (LULC) change 
and climate change influence natural hazards in tropical 

regions, with a focus on urban contexts similar to Kinshasa. 

A total of 144 references were selected through targeted 

searches on Google Scholar, DOAJ, and institutional sources 
such as IPCC, FAO, and UN-Habitat. Keywords combined 

terms like “LULC change,” “climate change,” “natural 

hazards,” and “tropical cities.” Studies were included if they: 

• Provided empirical or conceptual evidence of LULC or 
climate impacts on hazards; 

• Focused on tropical or sub-Saharan urban 

environments; 

• Were accessible in open access or through institutional 
repositories. 

To ensure broad regional representation and avoid 

geographic bias, studies were included from diverse tropical 
contexts across Africa, Asia, and Latin America. Preference 

was given to open-access peer-reviewed research. Identified 

studies were grouped thematically based on types of hazards 

(e.g., flooding, erosion, landslides), mechanisms (e.g., runoff, 
heat island effects), and drivers (LULC, climate). This 

enabled a structured synthesis of multi-hazard interactions. 
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Although the review is thematic and narrative, care was taken 

to avoid over-representation of any single country or 

institution. 

This is not a systematic review; rather, it aims to capture 
the most relevant and context-specific knowledge to inform 

the hazard assessment framework. 

3. Results  

3.1 LULC Change and Its Effects on Natural Hazards 

Land Use/Land Cover Change (LULCC) profoundly 

influences the frequency and intensity of natural hazards, 

particularly in tropical, urbanizing regions with 

hydrologically vulnerable environments. Research indicates 
multiple mechanisms through which LULCC drives natural 

hazards. The mechanisms by which these changes affect 

environmental risks are diverse and often interconnected. 

Table 1 provides a structured synthesis of the main impacts 
of LULCC on natural hazards, as identified in recent 

scientific literature. 
Table 1. Effects of Land Use and Land Cover Change (LULCC) on Natural Hazards. 

Mechanism Description Key Effects References 

Increased Surface 

Runoff and Flood 

Peaks 

Urbanization replaces natural surfaces with 

impervious ones, increasing runoff, 

shortening concentration time, and 

amplifying flood peaks. Models and case 

studies confirm this trend in tropical cities 

like Kinshasa. 

Reduced infiltration, 

increased runoff volume, 

shorter lag time, higher 

flood peaks, more 

frequent flash floods 

Astuti et al., 2019; Xu et al., 2018; Feng 

et al., 2021; Luo et al., 2020; Sugianto 

et al., 2022 

Reduction of 

Natural Buffering 

Systems and Soil 

Degradation 

Loss of forests, wetlands, and vegetation due 

to urban growth and agriculture degrades soil 

structure and ecosystem services, leading to 

higher erosion, landslides, and flood risk. 

Loss of slope stability, 

reduced infiltration, soil 

erosion, flood 

vulnerability, long-term 

land degradation 

van Beek et al., 2020; Nyarko et al., 

2021; Stavi et al., 2021; Acharya & 

Cochrane, 2020; Mwangi et al., 2016; 

Nyandwi et al., 2022; Munyaneza et al., 

2020; UN-Habitat, 2021; Panagos et al., 

2018; Tening et al., 2016; IPCC, 2022 

Enhanced 

Landslide 

Susceptibility 

through 

Destabilization of 

Slopes 

Deforestation, slope modification, poor 

drainage, and unplanned construction 

increase landslide risk by reducing soil 

cohesion and increasing hydrological load on 

unstable slopes. 

Slope failure, increased 

landslide frequency and 

severity, urban 

vulnerability 

Sidle et al., 2006; Casagli et al., 2021; 

Mugagga et al., 2012; Glade et al., 

2005; MacCarthy et al., 2020; Gariano 

& Guzzetti, 2016; Mayala et al., 2019; 

IPCC, 2022 

Urban Heat Island 

(UHI) 

Intensification 

Urban areas trap more heat due to impervious 

surfaces, vegetation loss, and anthropogenic 

heat, causing elevated temperatures and 

health issues. 

Higher land surface 

temperatures, health 

stress, nighttime heat 

retention, air pollution 

Oke, 1982; Santamouris, 2015; Zhou et 

al., 2014; Li et al., 2019; Mvondo et al., 

2021; Amoateng et al., 2018; Balogun 

et al., 2020; Kim & Joh, 2006; Stone et 

al., 2010; Kafy et al., 2021 

Air Quality 

Degradation 

LULCC increases air pollution by enhancing 

emissions and modifying dispersion 

conditions. Secondary pollutants and heat 

islands further intensify effects. 

Higher PM2.5, NOx, 

O₃ , and SO₂  levels; 

public health risks; 

altered dispersion 

patterns 

Kahyaoğlu-Koraçin et al., 2009; 

Abdolahnejad et al., 2018; 

Superczynski & Christopher, 2011; Sun 

et al., 2016; Ward et al., 2014; Li et al., 

2016; Heald & Spracklen, 2015; Lai et 

al., 2016; Chang et al., 2020a; Roy et 

al., 2023; Bascom et al., 1996; Fann et 

al., 2012; Partha et al., 2022; 

Fotheringham et al., 2019; Wang et al., 

2019 

Increased Risk of 

Soil Erosion 

Removal of vegetation and increased runoff 

accelerate soil erosion, particularly on steep 

slopes and in informal settlements. 

Topsoil loss, gully 

formation, sedimentation 

of rivers, land 

degradation 

Pimentel et al., 1995; Bewket & Teferi, 

2009; Panagos et al., 2015; Nyssen et 

al., 2004; Lal, 2001; Fenta et al., 2020 

Groundwater 

Recharge Loss 

Impervious surface growth reduces 

infiltration and recharge, stressing 

groundwater-dependent systems. 

Lower water tables, 

reduced aquifer recharge, 

increased pumping cost, 

dry wells 

Scanlon et al., 2002; Lerner, 2002; 

Zhou, 2014; Bruijnzeel, 2004; Bosch & 

Hewlett, 1982; Olang & Fürst, 2011; 

Foster & Chilton, 2003; Niehoff et al., 

2002; Shrestha et al., 2006; Famiglietti, 

2014 

Increased Flash 

Flood Risk 

Urban sprawl and vegetation loss reduce 

infiltration and increase runoff velocity, 

triggering flash floods, especially during 

short intense rainfall. 

Quick runoff, increased 

peak flow, infrastructure 

damage, short warning 

time 

Terti et al., 2017; Weng, 2001; Shuster 

et al., 2005; Ouma & Tateishi, 2014; 

Douglas et al., 2008; Di Baldassarre et 

al., 2010; Bradshaw et al., 2007; Lin et 

al., 2008; Miller et al., 2002; Miller & 

Hutchins, 2017 

Biodiversity Loss Habitat fragmentation and conversion reduce 

species diversity and ecosystem functions, 

increasing vulnerability to other hazards. 

Species extinction, 

habitat fragmentation, 

reduced ecosystem 

services 

Foley et al., 2005; Newbold et al., 2015; 

Laurance et al., 2014; Haddad et al., 

2015; McKinney, 2006; Pickett et al., 

2001; Betts et al., 2017; Bellard et al., 

2012; Cardinale et al., 2012 

Urban Drought Urbanization disrupts infiltration, vegetation 

evapotranspiration, and increases demand, 

causing water shortages even without 

climatic drought. 

Reduced water supply, 

aquifer depletion, 

increased 

evapotranspiration 

demand 

Grimm et al., 2008; Weng, 2011; Owen 

et al., 2006; Zhou et al., 2015; Elmqvist 

et al., 2013; Liu et al., 2017; Foster & 

Ait-Kadi, 2012; Weng et al., 2014 
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To better understand the measurable impact of land use 

and land cover change (LULCC) on natural hazards, Table 2 

summarizes key quantitative findings from recent studies. 

These figures highlight how specific mechanisms—such as 

urbanization, deforestation, and soil sealing—amplify 

environmental risks across tropical regions.

Table 2. Quantitative Effects of Land Use and Land Cover Change (LULCC) on Natural Hazards 

Mechanism Key Result References 

Increased Surface Runoff 

and Flood Peaks 

Urbanization increased peak runoff by 45–87% in tropical cities. Astuti et al., 2019; Feng et 

al., 2021 

Reduction of Natural 

Buffering Systems and Soil 

Degradation 

Up to 70% decrease in soil infiltration capacity after forest conversion. Mwangi et al., 2016 

Enhanced Landslide 

Susceptibility through 

Destabilization of Slopes 

Landslide frequency increased by 35% in deforested slopes. Mugagga et al., 2012 

Urban Heat Island (UHI) 

Intensification 

Surface temperature up to 7°C higher in urban cores compared to rural areas. Zhou et al., 2014; Balogun 

et al., 2020 

Air Quality Degradation PM2.5 concentrations increased by 25–60% in rapidly urbanizing zones. Sun et al., 2016; Roy et al., 

2023 

Increased Risk of Soil 

Erosion 

Annual soil loss exceeded 100 t/ha in degraded catchments. Fenta et al., 2020; Bewket 

& Teferi, 2009 

Groundwater Recharge 

Loss 

Groundwater recharge reduced by 30–70% under impervious surface 

expansion. 

Scanlon et al., 2002; Zhou, 

2014 

Increased Flash Flood Risk Flash flood frequency doubled over 15 years of urban expansion. Terti et al., 2017; Di 

Baldassarre et al., 2010 

Biodiversity Loss Biodiversity declined by 13–31% in fragmented tropical landscapes. Newbold et al., 2015; 

Haddad et al., 2015 

Urban Drought Urban areas showed 20–40% lower evapotranspiration and water retention 

compared to vegetated zones. 

Liu et al., 2017; Weng, 

2011 

 
The combined analysis of Tables 1 and 2 clearly 

illustrates the multifaceted impact of land use and land cover 

change (LULCC) on natural hazards in tropical 
environments. Qualitative patterns (Table 1) highlight a 

consistent association between anthropogenic landscape 

transformations—such as urban expansion, deforestation, and 

agricultural intensification—and the emergence or 
intensification of environmental risks. These associations are 

substantiated by robust quantitative findings (Table 2), which 

provide concrete evidence of increased flood peaks (up to 

87%), reduced groundwater recharge (by 30–70%), and 
accelerated soil erosion (exceeding 100 t/ha/year), among 

others. Together, the two tables underscore the critical need 

to integrate land use planning into natural hazard mitigation 

strategies, particularly in rapidly urbanizing tropical regions.  

3.2. Climate Change and Its Effects on Natural Hazards 

Climate change is a central driver of the increasing 

frequency and severity of natural hazards across the globe. 

The Intergovernmental Panel on Climate Change (IPCC) has 
consistently shown that rising global temperatures, altered 

precipitation patterns, and more frequent extreme weather 

events are transforming the dynamics of hydrometeorological 

and geophysical hazards (IPCC, 2022). In tropical urban 
contexts such as Kinshasa, the effects of climate change on 

natural hazards are compounded by socio-environmental 

vulnerabilities and poor infrastructure resilience. 

3.2.1. Intensified Precipitation and Flooding 

Climate change is unequivocally linked to an increase in 
the intensity and frequency of extreme precipitation events, 

which significantly elevates flood risk, especially in tropical 

regions (IPCC, 2022). This section reviews key studies that 

demonstrate these phenomena and their implications for 
urban flood hazards. 

a) Continental and regional trends 

A comprehensive study examining flood hazard changes 
across Africa showed that while total rainfall trends vary 

spatially, extreme precipitation events have increased in 

many regions, particularly tropical Africa—suggesting a 

higher risk of flood extremes (Gautam et al., 2021). 

b) Attribution of intensified rainfall and floods 

Research by World Weather Attribution found that 

Eastern Africa’s March–May rains in 2024 were doubled in 
likelihood due to human-induced climate change, with urban 

expansion further amplifying impacts in densely populated 

areas (Associated Press, 2024). Similar attribution analysis 

across West and Central Africa (Cameroon, Chad, Niger, 
Nigeria, Sudan) showed a 5–20% increase in seasonal heavy 

rainfall due to anthropogenic warming (Reuters, 2024). In 

Sudan’s Far North, extra-heavy rains were linked to a 10% 

increase in intensity tied to climate change, emphasizing the 
compound effect on vulnerable population centers 

(Mongabay, 2024). 

c) Urban amplification of rainfall extremes 

Modeling studies reveal that urbanization itself 
influences extreme rainfall. A WRF-based research in the 

Lake Victoria Basin showed that “urban-canopy” effects 

intensified rainfall by boosting moisture convergence and 

enhancing convective processes in urban fringes (Ionita et al., 
2023). 

d) Flood frequency and linkage with ENSO 

A review of global-and regional-scale data from 1981–

2014 indicated that flood events in Africa correlate strongly 
with ENSO cycles. El Niño and La Niña intensify seasonal 

rainfall, increasing flood hazard frequency—particularly in 

equatorial and eastern Africa (Ohba et al., 2019)  

e) Event-based case studies 
Morogoro, Tanzania (Jan 2018): A single heavy rainfall 

event caused flash flooding that damaged infrastructure and 

caused casualties. Analysis showed that flood intensity 

resulted from synergistic changes in weather patterns and 
watershed modification (Kimambo, 2019). 

Robe, Ethiopia: A PCSWMM simulation combining 

urban expansion (10 → 70% built-up) and climate change 

scenarios showed peak runoff increasing by ∼25%, while 

flood volume rose by ~47%, overwhelming existing drainage 

systems (Bibi & Kara, 2023). 

Urban Madagascar: In Antananarivo, urban expansion 

contributed to flood frequency post‑ 2018 heavy rainfall, 

noting how city growth, drainage failure, and climate 
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extremes co‑ evolve and worsen flood vulnerability 

(Andrianjakamisy et al., 2021)  

f) Future projections using high-resolution data 

A Tokyo case study using regional climate model (RCM) 
data showed the probability of hourly rainfall ≥75 mm 

increased from a 20-year to a 13-year event for 2016–2035, 

and to 8-year for 2076–2095, accentuating future urban flood 

risks under climate change (Amaguchi et al., 2024)  

Summary of Key Findings 

• Extreme precipitation is increasing across tropical 

Africa, largely due to anthropogenic climate change. 

• Urban areas both experience and amplify rainfall 
extremes, heightening flood hazard. 

• ENSO cycles modulate flood events, with El Niño and 

La Niña phases intensifying hazard potential. 

• Case studies in East and Southern Africa demonstrate 
the combined effects of climate change and unplanned 

urban growth on flood intensity and frequency. 

• Future projections consistently indicate more frequent 

and intense rainfall events, underscoring weaker water 
infrastructure resilience. 

Taken together, these findings stress that in cities like 

Kinshasa—characterized by rapid urbanization, insufficient 

drainage, and tropical rainfall patterns—climate-driven 
precipitation intensification is likely to produce more severe 

and frequent flood hazards. 

3.2.2. Increased Risk of Droughts 

Climate change is increasingly recognized for altering not 

only precipitation patterns but also the frequency, intensity, 
and duration of drought events. Droughts manifest in multiple 

forms—meteorological, agricultural, hydrological, and 

urban—and have profound impacts on ecosystems and 

societies, particularly in tropical urban areas like Kinshasa 
(Dai, 2013). 

A landmark study by Dai (2013) found that global 

observations and climate projections consistently point to an 

intensification of drought conditions, including in many parts 
of sub-Saharan Africa—raising concerns over water scarcity 

and food security. This analysis underscores that future 

warming could double the likelihood of meteorological 

drought in affected regions. 
Research in the Sahel and Congo Basin indicates that 

warming trends, combined with deforestation and land 

degradation, exacerbate hydrological drought due to reduced 

soil moisture and diminished river flows (Conway et al., 
2019; Sheffield et al., 2012). These hydrological stressors are 

amplified in areas where rainfall is highly seasonal. 

In urban environments, such as Lagos and Nairobi, 

integrated studies combining remote sensing and climate data 
showed decreasing vegetation productivity and declining 

surface moisture indices—indicating an accelerated onset of 

dry conditions, even when precipitation levels remain 

generally stable (Otieno et al., 2017; Weng & Yang, 2006). 

Groundwater-dependent cities are also vulnerable to 

drought. Several case studies demonstrate that decreased 

precipitation and recharge rates, combined with increased 

extraction for urban and agricultural uses, lead to falling 
water tables and well depletion (Famiglietti, 2014). 

Moreover, drought intensification has been linked to 

increases in temperatures, raising evapotranspiration rates 
and creating a “hot-drought” scenario (Diffenbaugh et al., 

2015). In Kinshasa, where urban expansion has already 

altered surface albedo and soil moisture retention, the 

compounding effects of rising temperatures and land use 
change pose severe risks for drought resilience and water 

security. 

In summary, the literature highlights a clear trend: climate 

change is increasing drought risk via reduced rainfall, altered 

hydrology, heightened evaporation, and combined human-

land interactions—necessitating proactive urban water 
governance and adaptation planning. 

3.2.3. Land Susceptibility, Soil Degradation and Desertification 

Land degradation, encompassing soil degradation and 

desertification, is one of the most significant environmental 

consequences of climate change, particularly in tropical and 
sub-tropical regions. Climate-induced stressors, including 

increased temperatures, prolonged dry periods, and shifting 

precipitation patterns, directly affect soil structure, fertility, 

and land stability, thereby exacerbating natural hazards. 
Several studies have highlighted that the susceptibility of 

land to degradation processes is heightened by climate 

variability. For example, Bai et al. (2008) conducted a global 

assessment using satellite and climatic data and estimated that 
about 24% of the global land surface was undergoing 

degradation, with sub-Saharan Africa among the most 

severely affected regions. The study attributed these patterns 

to the combined effects of land misuse and climate change. 
More recent assessments by the IPCC (2022) emphasize that 

in many dryland areas, climate change has already led to 

increased aridity, reduced soil moisture, and a decline in 

vegetation cover, which together lower the resilience of 
ecosystems and render them more prone to desertification 

processes. 

Climate change affects soil degradation both directly and 

indirectly. Directly, rising temperatures increase 
evapotranspiration, leading to drier soils and reduced organic 

matter. Indirectly, extreme weather events such as heavy 

rainfall can cause intense surface runoff, which strips topsoil 

and depletes soil nutrients. In regions such as the Sahel and 
the Horn of Africa, research by Olsson et al. (2019) has shown 

that climate-induced vegetation loss and changes in land 

surface reflectivity contribute to feedback mechanisms that 

accelerate desertification. These findings align with the 
conclusions of the United Nations Convention to Combat 

Desertification (UNCCD), which stresses that climatic 

drivers, when combined with unsustainable land 

management, fuel the expansion of degraded lands. 
Soil degradation also has strong implications for food 

security and hydrological processes. Montanarella et al. 

(2016) emphasized that declining soil quality reduces 

agricultural productivity, especially in low-income tropical 
countries that rely on rain-fed agriculture. As soils degrade, 

their infiltration capacity diminishes, increasing the risk of 

surface runoff, erosion, and reduced groundwater recharge—

further destabilizing the land. 
The concept of land susceptibility also involves the 

weakening of slope stability due to climatic effects. In humid 

tropical regions like Central Africa, increased rainfall 

intensity contributes to the saturation of slopes, triggering 

mass movement and erosion. Studies in regions such as 

Rwanda and Uganda have observed a strong correlation 

between climate-induced rainfall anomalies and an increased 

frequency of landslides on degraded terrain (Knapen et al., 
2006; Jacobs et al., 2018). 

Desertification, while typically associated with arid 

zones, is now recognized as a creeping threat in more humid 
zones due to climate shifts and land mismanagement. Several 

case studies, including those in Nigeria and Cameroon, have 

reported the encroachment of degraded drylands into 

formerly forested areas, suggesting that desertification is not 
limited to traditional dryland boundaries (Barbier & Hochard, 

2016). 
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In conclusion, climate change intensifies land 

degradation through multiple pathways: declining soil 

quality, loss of vegetation, intensified erosion, and changing 

hydrological dynamics. These processes are interconnected 
and reinforce one another, particularly in tropical zones where 

vulnerability is already high due to socioeconomic and 

environmental pressures. A better understanding of these 

dynamics is critical for developing integrated risk assessment 
frameworks that incorporate both climate and land system 

feedbacks. 

3.2.4. Higher Temperatures, Urban Heat Islands, and 

Biodiversity Loss 

Climate change has led to a notable increase in global 

mean surface temperatures, with far-reaching consequences 

on both urban environments and natural ecosystems. Among 

the most prominent manifestations of this phenomenon are 
the intensification of the Urban Heat Island (UHI) effect and 

the degradation of biodiversity and ecosystem services, 

particularly in tropical urban and peri-urban areas where rapid 

land use changes compound climatic stressors. 
The UHI effect, characterized by higher temperatures in 

urban areas compared to surrounding rural zones, is primarily 

driven by the replacement of natural vegetation with 

impervious surfaces such as asphalt, concrete, and rooftops. 
Numerous studies have shown that rising global temperatures 

exacerbate this localized heating. For instance, Li et al. (2019) 

conducted a global analysis of satellite data and found that 

urban areas have warmed significantly faster than adjacent 
rural regions over the past several decades. In cities across 

sub-Saharan Africa, such as Lagos, Nairobi, and Kinshasa, 

the UHI effect is particularly intense due to rapid and often 

unregulated urban expansion, which limits vegetation cover 
and enhances heat absorption (Schwarz et al., 2015). 

The health implications of UHIs are substantial. Increased 

nighttime temperatures reduce relief from daytime heat, 

elevating the risk of heat stress, particularly for vulnerable 
populations such as the elderly and urban poor. Studies in 

tropical cities like Accra and Jakarta have demonstrated a 

correlation between urban warming and elevated rates of 

heat-related mortality and morbidity (Roth, 2007; Chapman 
et al., 2017). Additionally, UHIs contribute to increased 

energy demand for cooling, placing strain on infrastructure 

and exacerbating greenhouse gas emissions through increased 

fossil fuel consumption. 
Simultaneously, the combined effects of higher 

temperatures and shifting precipitation regimes disrupt 

ecosystems and accelerate biodiversity loss. According to the 

Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services (IPBES, 2019), climate change is 

now one of the primary drivers of biodiversity decline 

globally, acting in conjunction with land use change, 

pollution, and invasive species. In tropical regions, where 
species are often highly specialized and sensitive to narrow 

climatic ranges, these effects are even more severe. 

One of the key mechanisms through which warming 

affects biodiversity is habitat fragmentation and loss. As 
ecosystems are altered by both climatic stress and human 

activity, species are forced to migrate, adapt, or face 

extinction. Pacifici et al. (2017) estimated that climate change 
could cause the extinction of up to 25% of terrestrial 

vertebrate species by 2100 if current trends continue. 

Moreover, tropical forests—which host more than half of the 

planet’s terrestrial biodiversity—are particularly vulnerable. 
Elevated temperatures and increased frequency of drought 

events reduce forest resilience, leading to tree mortality and 

ecosystem collapse (Allen et al., 2010; Malhi et al., 2009). 

These changes do not only threaten species but also the 

ecosystem services upon which human populations depend. 

For example, pollination, water purification, carbon 

sequestration, and disease regulation are all ecosystem 
services that have been shown to decline with biodiversity 

loss. In sub-Saharan Africa, disruptions in ecosystem services 

have already begun to impact food security, water 

availability, and human health (Isbell et al., 2017). Urban 
ecosystems, though often overlooked, play a vital role in 

regulating microclimates and providing green spaces that 

mitigate the UHI effect—services that are rapidly eroding 

under climate pressure. 
Ultimately, rising temperatures serve as a multiplier of 

existing vulnerabilities in urban and natural systems, 

particularly when combined with unsustainable land 

management and demographic pressures. As tropical cities 
continue to grow, integrating climate adaptation strategies 

that preserve biodiversity and mitigate UHI effects—such as 

expanding urban green spaces, restoring degraded habitats, 

and implementing climate-resilient infrastructure—will be 
critical to safeguarding both human well-being and ecological 

integrity. 

3.3 Studies combining LULC and climate change 

While a substantial body of literature exists on either land 
use/land cover (LULC) change or climate change as 

individual drivers of natural hazards, a growing number of 

studies are now investigating their combined effects. These 

integrative approaches acknowledge that interactions 
between anthropogenic land transformations and global 

climate dynamics often produce synergistic effects that 

intensify hazard risks in ways that cannot be fully captured 

when analyzed separately. 
A seminal example is the work by Lambin et al. (2006), 

which conceptualized land use change and climate change as 

coupled systems, reinforcing one another in feedback loops. 

More recently, de Sherbinin et al. (2017) examined 
vulnerability hotspots by overlaying projected climate 

anomalies with LULC data in sub-Saharan Africa and South 

Asia, revealing that regions undergoing rapid urbanization are 

simultaneously among the most climate-sensitive. These 
findings underscore the urgency of addressing both drivers 

concurrently in risk analysis. 

In the field of hydrological hazards, several studies have 

assessed the compounding impact of LULC and climate 
change on runoff generation and flood frequency. For 

instance, Costa et al. (2020) combined climate models (RCP 

scenarios) and LULC projections (using CA-Markov models) 

to simulate future flooding in a Brazilian watershed. Their 
results indicated that while both factors individually increased 

runoff volumes, their combination produced nonlinear and 

amplified effects, particularly under RCP 8.5 scenarios with 

extensive urban expansion. Similar methodologies have been 
applied in Asian (Li et al., 2021) and African (Mwangi et al., 

2022) watersheds, yielding comparable conclusions. 

Another growing field of integrated research is related to 

landslide risk. Gariano and Guzzetti (2016) demonstrated that 
changes in precipitation extremes, when coupled with 

deforestation and hill-slope development, significantly 

elevate landslide occurrences in mountainous regions. They 
emphasized that LULC-driven destabilization of terrain 

modifies the threshold at which climate-induced triggers 

(e.g., intense rainfall) lead to slope failure. 

Urban systems, in particular, have become central to such 
studies due to their vulnerability and complexity. Güneralp et 

al. (2017) synthesized urban risk literature and found that 

cities in tropical regions are increasingly at the nexus of land 

cover change and climate variability, especially regarding 
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heat extremes, flooding, and water stress. They advocate for 

spatially explicit urban planning models that integrate both 

biophysical and socio-economic dimensions of risk. 

Importantly, integrated approaches often reveal that 
LULC and climate change not only add to each other’s effects 

but may also shift the spatial and temporal distribution of 

hazards. For instance, a study by Gharbia et al. (2021) used 

ensemble modeling in the Nile Delta to show that climate 
change intensifies seasonal flooding patterns while urban 

encroachment into wetlands shifts flood-prone zones further 

inland. These studies highlight the critical need for dynamic, 

multi-scalar assessments to inform resilience planning. 
Despite methodological advances, several challenges 

persist. Data harmonization across spatial and temporal scales 

remains complex, and uncertainties compound when 

combining multiple drivers. Nevertheless, the trend toward 
multi-driver studies is rapidly gaining ground, especially with 

the advent of integrated remote sensing platforms and 

advanced modeling techniques. 

In summary, the literature reveals that simultaneous 
consideration of LULC and climate change provides a more 

comprehensive understanding of natural hazard dynamics. 

Such approaches are particularly vital for fast-changing urban 

landscapes in tropical developing regions, where risks are 
rapidly evolving and management capacities remain limited. 

4. Synthesis and Relevance to the Kinshasa Context 

The review of literature on land use/land cover (LULC) 

change and climate change has shown that these two drivers, 
both separately and in combination, significantly intensify the 

occurrence and magnitude of natural hazards. In tropical 

African megacities like Kinshasa, these findings are 

particularly pertinent due to a confluence of vulnerability 
factors: fragile geomaterials, exposure to intense convective 

rainfall, and rampant unregulated urban expansion. 

 

Fig 1. Kinshasa after heavy rains - flooding linked to 

unregulated urbanization. Photo of People in Kinshasa’s 

Pompage district in January after the Congo River 

overflowed. Photograph: Arsene Mpiana/AFP/Getty Images. 
(source: theguardian.com) 

 

4.1. Fragile Soils and Topography 

Kinshasa is characterized by a dominance of sandy, 
lateritic, and ferralitic soils, with a prevalence of steep slopes 

and shallow regoliths, especially in areas such as Ngaliema, 

Selembao, and Mont-Ngafula. Studies such as those by 

Mbaya et al. (2019) and Mbuyi et al. (2022) have emphasized 
that these soils are highly erodible and unstable, especially 

under conditions of deforestation and slope modification for 

construction. Land clearance for informal housing has led to 

a significant increase in exposed surfaces, dramatically 
reducing infiltration and initiating gullying, ravine formation, 

and landslides. Soil degradation is thus both a result and a 

driver of increasing hazard sensitivity in Kinshasa. 

4.2. Intense Rainfall and Hydrometeorological Extremes 

The city lies within a tropical wet-and-dry climate regime 

with pronounced rainy seasons, during which short-duration, 

high-intensity events frequently overwhelm both natural and 
artificial drainage systems. Research by Nzeukou et al. (2020) 

and Tshimanga et al. (2016) demonstrated an increasing trend 

in rainfall extremes, particularly in November and March, 

which coincide with peaks in flood and landslide incidents. 
These precipitation patterns are exacerbated by climate 

change and urban sealing, resulting in heightened surface 

runoff and flash flooding. 

In the communes of Limete, Masina, and Kimbanseke, 
areas once covered by wetlands or agricultural land have been 

converted into densely built neighborhoods with little to no 

drainage infrastructure. As a result, floodwaters accumulate 

rapidly during heavy rains, affecting thousands of residents 
annually. Rainfall alone cannot account for such impacts; 

rather, it is the combination with LULC change that amplifies 

the hazard outcomes. 

4.3. Unplanned Urban Expansion 

Kinshasa’s urban footprint has expanded dramatically, 

particularly since the 2000s, without corresponding 

investments in infrastructure or urban planning. According to 

remote sensing studies by Bateke et al. (2023) and 
Kankolongo et al. (2021), the city’s built-up area has more 

than doubled between 2000 and 2020, largely due to informal 

settlements sprawling across ecologically sensitive zones 

such as wetlands, riverbanks, and steep hills. This expansion 
follows patterns found in other African cities but is 

particularly severe in Kinshasa due to its scale and 

topographic complexity. 

Unplanned urbanization not only increases exposure to 
hazards but also alters local microclimates. Recent studies 

have highlighted the emergence of urban heat islands (UHI) 

in central Kinshasa and new peri-urban neighborhoods, with 

surface temperatures exceeding 45°C in dry seasons (Ngoma 
et al., 2023). These thermal anomalies have significant health 

implications and interact with hydrological hazards by 

modifying evapotranspiration and soil moisture retention. 

4.4. Summary of Useful Trends and Insights 

Several key trends emerge from the synthesis of 

international and Kinshasa-specific literature: 

• Natural hazards in Kinshasa are increasingly shaped by 

the combined effects of land cover change and climate 
variability. 

• The most affected zones tend to be those with high 

population density, unstable slopes, and deficient 

drainage, particularly in communes such as Mont-
Ngafula, Selembao, and Kisenso. 

• Hydrological risks (floods, runoff surges, erosion) are 

the most documented, but landslides, urban droughts, 

biodiversity loss, and heat waves are also emerging 
threats. 

• The lack of urban planning enforcement, deforestation, 

and degradation of wetlands and riparian buffers are 

key aggravating factors. 
• There is a need for integrated urban management, 

combining risk-sensitive spatial planning, nature-based 

solutions, and monitoring of climate trends. 
These insights reinforce the necessity of a multi-hazard, 

multi-driver approach in studying Kinshasa’s environmental 

vulnerability. It also underlines the importance of spatialized 

risk assessments, accounting for both current land dynamics 
and future climate projections. Such a foundation is crucial 

https://www.theguardian.com/global-development/2024/feb/02/drc-worst-floods-in-decades-leave-tens-of-thousands-in-temporary-shelter
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for building an effective risk model and for informing 

sustainable urban development strategies in Kinshasa. 

5. Conclusion 

This literature review has explored the intricate and 
multifactorial relationships between land use/land cover 

(LULC) change, climate change, and the intensification of 

natural hazards in urban environments, with a special focus 

on their relevance to Kinshasa. The evidence synthesized 
from global and regional studies, as well as from context-

specific research conducted in Kinshasa, underscores the 

compounded vulnerability faced by tropical megacities 

undergoing rapid urban transformation in the context of 
climate variability. 

The reviewed literature confirms that unregulated LULC 

change, particularly urban sprawl into ecologically sensitive 

zones, directly exacerbates hazards such as flooding, 
landslides, erosion, flash floods, and biodiversity loss. These 

risks are not only more frequent but also more spatially 

extensive due to impervious surface expansion, the 

destruction of natural buffering systems, and poor 
infrastructure planning. Climate change acts as an amplifying 

factor, intensifying extreme weather events, modifying local 

microclimates (e.g., through urban heat islands), and altering 

precipitation patterns in ways that further stress urban and 
peri-urban systems. 

Importantly, the interplay between these two drivers—

LULC and climate change—produces synergistic effects that 

are more than the sum of their parts. Studies that have 
integrated both dimensions reveal that hazard risk 

assessments must evolve from linear, single-driver analyses 

to more dynamic, integrated frameworks capable of capturing 

systemic feedbacks. For example, Kinshasa’s exposure to 
intensified precipitation cannot be fully understood without 

also examining the role of deforestation, informal housing 

development, and loss of wetlands in shaping runoff and 

flood behavior. 
The Kinshasa context exemplifies the convergence of 

multiple risk factors: fragile soils, topographic complexity, 

intense rainfall, and a chronic lack of urban planning and 

regulation. These conditions create a fertile ground for the 
manifestation of natural hazards, often transforming what 

would otherwise be low-intensity events into disasters. This 

underscores the urgency of adopting integrated, locally 

informed strategies for hazard mapping, risk modeling, and 
urban resilience planning. 

In summary, this review highlights the need for a multi-

scalar, multi-hazard approach that accounts for both 

anthropogenic and climatic influences. It sets a strong 
foundation for the analytical chapters that follow, which will 

aim to model, quantify, and prioritize hazard risks across 

Kinshasa using spatial, climatic, and geotechnical data. 

Ultimately, the goal is to inform targeted mitigation strategies 
tailored to the unique vulnerabilities and dynamic evolution 

of this rapidly growing urban landscape. 

References 

Gogoi, P. P., Vinoj, V., Swain, D., Roberts, G., & Tripathy, 
S. (2019). Land use and land cover change effect on 

surface temperature over Eastern India. Scientific 

Reports, 9, 8859. https://doi.org/10.1038/s41598-019-
45213-z  

Abdolahnejad, A., et al. (2018). Health impacts of air 

pollution in Isfahan, Iran. Journal of Environmental 

Management, 205, 274–284. 

https://doi.org/10.1016/j.jenvman.2018.08.062 

Acharya, G., & Cochrane, T. A. (2020). Quantifying the 

impact of land use changes on sediment yield in the 

data-scarce Bagmati River basin, Nepal. 

Environmental Monitoring and Assessment, 192, 162. 

https://doi.org/10.1007/s10661-020-8115-y 

Allen, C. D., Macalady, A. K., Chenchouni, H., Bachelet, D., 
McDowell, N., Vennetier, M., ... & Cobb, N. (2010). 

A global overview of drought and heat-induced tree 

mortality reveals emerging climate change risks for 

forests. Forest Ecology and Management, 259(4), 660–
684. https://doi.org/10.1016/j.foreco.2009.09.001 

Amaguchi, H., Olsson, J., Kawamura, A., & Imamura, Y. 

(2024). Evaluation of climate change impacts on urban 

flooding using high‑ resolution rainfall data. 
Proceedings of IAHS, 386, 133–140. 

https://doi.org/10.5194/piahs-386-133-2024 

Amoateng, P., Cobbinah, P. B., & Owusu-Amponsah, L. 

(2018). Spatial dimensions of urban growth and land 
use changes in the Greater Accra Region of Ghana. 

Land Use Policy, 73, 223–234. 

https://doi.org/10.1016/j.landusepol.2018.01.017 

Andrianjakamisy, H. F., et al. (2021). Urbanization and 
floods in Sub-Saharan Africa: Case of Antananarivo. 

Water, 13(2), 149. https://doi.org/10.3390/w13020149 

mdpi.com 

Associated Press. (2024, May 24). Climate change and rapid 
urbanization worsened East African rains. AP News. 

mdpi.comipcc.chpiahs.copernicus.orgapnews.com 

Astuti, I. S., Sahoo, K., Milewski, A., & Mishra, D. R. (2019). 

Impact of land use land cover (LULC) change on 
surface runoff in an increasingly urbanized tropical 

watershed. Water Resources Management, 33(12), 

4087–4103. https://doi.org/10.1007/s11269-019-

02320-w 
Bai, Z. G., Dent, D. L., Olsson, L., & Schaepman, M. E. 

(2008). Proxy global assessment of land degradation. 

Soil Use and Management, 24(3), 223–234. 

https://doi.org/10.1111/j.1475-2743.2008.00169.x 
Balogun, A. A., Akinyemi, M. L., & Adewale, A. O. (2020). 

Urban heat island and thermal comfort in Lagos, 

Nigeria: the role of green infrastructure. Urban 

Climate, 33, 100642. 
https://doi.org/10.1016/j.uclim.2020.100642 

Barbier, E. B., & Hochard, J. P. (2016). Does land 

degradation increase poverty in developing countries? 

PLOS ONE, 11(5), e0152973. 
https://doi.org/10.1371/journal.pone.0152973 

Bascom, R., et al. (1996). Health effects of outdoor air 

pollution. American Journal of Respiratory and 

Critical Care Medicine, 153(1), 3–50. 
https://doi.org/10.1164/ajrccm.153.1.8520747 

Bateke, A. C., Kitenge, J. J., & Mbiya, J. (2023). Monitoring 

urban sprawl and land use dynamics in Kinshasa using 

multi-temporal Landsat data. Remote Sensing 
Applications: Society and Environment, 30, 100948. 

https://doi.org/10.1016/j.rsase.2023.100948 

Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W., & 

Courchamp, F. (2012). Impacts of climate change on 
the future of biodiversity. Ecology Letters, 15(4), 365–

377. https://doi.org/10.1111/j.1461-

0248.2011.01736.x 
Betts, M. G., Wolf, C., Ripple, W. J., Phalan, B., Millers, K. 

A., Duarte, A., Butchart, S. H. M., & Levi, T. (2017). 

Global forest loss disproportionately erodes 

biodiversity in intact landscapes. Nature, 547(7664), 
441–444. https://doi.org/10.1038/nature23285 

Bewket, W., & Teferi, E. (2009). Assessment of soil erosion 

hazard and prioritization for treatment at the watershed 

level: case study in the Chemoga watershed, Blue Nile 
basin, Ethiopia. Land Degradation & Development, 



 
Bahavira, J.M., et al./ JGEET Vol 10 No 3/2025 351 

 

20(6), 609–622. https://doi.org/10.1002/ldr.944 

Bibi, T. S., & Kara, K. G. (2023). Evaluation of climate 

change, urbanization, and low-impact development 

practices on urban flooding. Heliyon, 9(1), e12955. 
https://doi.org/10.1016/j.heliyon.2023.e12955 

pmc.ncbi.nlm.nih.gov 

Borrelli, P., et al. (2017). Global assessment of soil erosion 

rates and conservation: a review. Science of the Total 
Environment, 605–606, 1138–1148. (cited in 

turn0search9) 

Bosch, J. M., & Hewlett, J. D. (1982). A review of catchment 

experiments to determine the effect of vegetation 
changes on water yield and evapotranspiration. Journal 

of Hydrology, 55(1–4), 3–23. 

https://doi.org/10.1016/0022-1694(82)90117-2 

Bradshaw, C. J. A., Sodhi, N. S., Peh, K. S. H., & Brook, B. 
W. (2007). Global evidence that deforestation 

amplifies flood risk and severity in the developing 

world. Global Change Biology, 13(11), 2379–2395. 

https://doi.org/10.1111/j.1365-2486.2007.01446.x 
Bruijnzeel, L. A. (2004). Hydrological functions of tropical 

forests: not seeing the soil for the trees? Agriculture, 

Ecosystems & Environment, 104(1), 185–228. 

https://doi.org/10.1016/j.agee.2004.01.015 
Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., 

Perrings, C., Venail, P., ... & Naeem, S. (2012). 

Biodiversity loss and its impact on humanity. Nature, 

486(7401), 59–67. 
https://doi.org/10.1038/nature11148 

Casagli, N., et al. (2021). Landslide hazard assessment and 

forecasting: The state of the art. Landslides, 18(7), 

2365–2382. https://doi.org/10.1007/s10346-021-
01638-1 

Chapman, S., Watson, J. E., Salazar, A., Thatcher, M., & 

McAlpine, C. A. (2017). The impact of urbanization 

and climate change on urban temperatures: A 
systematic review. Landscape Ecology, 32, 1921–

1935. https://doi.org/10.1007/s10980-017-0561-4 

Conway, D., Dalin, C., Landman, W. A., & Osborn, T. J. 

(2019). Climate and African agriculture: mapping 
environmental correlates of maize yields using remote 

sensing data. Journal of Climate, 32(23), 8113–8129. 

https://doi.org/10.1175/JCLI-D-19-0133.1 

Costa, R. M., Silva, R. M., Santos, C. A. G., & Montenegro, 
S. M. (2020). Future impacts of land use and climate 

change on runoff in a semiarid basin. Journal of 

Hydrology: Regional Studies, 28, 100676. 

https://doi.org/10.1016/j.ejrh.2020.100676 
Dai, A. (2013). Increasing drought under global warming in 

observations and models. Nature Climate Change, 

3(1), 52–58. https://doi.org/10.1038/nclimate1633 

de Sherbinin, A., Carr, D., Cassels, S., & Jiang, L. (2017). 
Population and environment. Annual Review of 

Environment and Resources, 32(1), 345–373. 

https://doi.org/10.1146/annurev.energy.32.041806.14

3503 
Di Baldassarre, G., Schumann, G., & Bates, P. D. (2010). 

Urban flood risk mapping using high-resolution 

satellite imagery and hydrodynamic modelling. 
Hydrological Processes, 23(3), 393–405. 

https://doi.org/10.1002/hyp.7153 

Diffenbaugh, N. S., Swain, D. L., & Touma, D. (2015). 

Anthropogenic warming has increased drought risk in 
California. Proceedings of the National Academy of 

Sciences, 112(13), 3931–3936. 

https://doi.org/10.1073/pnas.1422385112 

Douglas, I., Alam, K., Maghenda, M., Mcdonnell, Y., 
McLean, L., & Campbell, J. (2008). Unjust waters: 

climate change, flooding and the urban poor in Africa. 

Environment and Urbanization, 20(1), 187–205. 

https://doi.org/10.1177/0956247808089156 

Elmqvist, T., Fragkias, M., Goodness, J., Güneralp, B., 
Marcotullio, P. J., McDonald, R. I., ... & Wilkinson, C. 

(Eds.). (2013). Urbanization, biodiversity and 

ecosystem services: Challenges and opportunities: A 

global assessment. Springer. 
https://doi.org/10.1007/978-94-007-7088-1 

Famiglietti, J. S. (2014). The global groundwater crisis. 

Nature Climate Change, 4(11), 945–948. 

https://doi.org/10.1038/nclimate2425 
Fann, N., Lamson, A. D., Anenberg, S. C., Wesson, K., 

Risley, D., Hubbell, B. (2012). Estimating the National 

Public Health Burden Associated with Exposure to 

Ambient PM₂ .₅  and Ozone. Environmental Health 
Perspectives, 120(4), 517–522. 

https://doi.org/10.1289/ehp.1104570 

Feng, L., Tan, J., Lim, W. Y., & Keat, T. S. (2021). Effects 

of land use change on surface runoff and urban flood 
risk in a tropical catchment: A case study in Southeast 

Queensland, Australia. Applied Water Science, 11, 

100. https://doi.org/10.1007/s13201-021-01457-4 

Fenta, A. A., Yasuda, H., Shimizu, K., Haregeweyn, N., 
Mekonnen, G. T., & Ebabu, K. (2020). Evaluation of 

soil loss estimation using RUSLE model and erosion 

risk mapping of the upper Blue Nile Basin. 

Environmental Systems Research, 9(1), 14. 
https://doi.org/10.1186/s40068-020-00173-1 

Foley, J. A., DeFries, R., Asner, G. P., Barford, C., Bonan, 

G., Carpenter, S. R., ... & Snyder, P. K. (2005). Global 

consequences of land use. Science, 309(5734), 570–
574. https://doi.org/10.1126/science.1111772 

Foster, S., & Ait-Kadi, M. (2012). Integrated water resources 

management (IWRM): How does groundwater fit in? 

Hydrogeology Journal, 20(2), 415–418. 
https://doi.org/10.1007/s10040-011-0801-5 

Foster, S., & Chilton, P. J. (2003). Groundwater: the 

processes and global significance of aquifer 

degradation. Philosophical Transactions of the Royal 
Society of London. Series B: Biological Sciences, 

358(1440), 1957–1972. 

https://doi.org/10.1098/rstb.2003.1380 

Fotheringham, S., et al. (2019). Geographically Weighted 
Regression in air pollution studies. Journal of 

Environmental Sciences, 81, 12–22. 

https://doi.org/10.1016/j.jes.2017.05.017 

Gariano, S. L., & Guzzetti, F. (2016). Landslides in a 
changing climate. Earth-Science Reviews, 162, 227–

252. https://doi.org/10.1016/j.earscirev.2016.08.011 

Gautam, S., et al. (2021). Observed changes in flood hazard 

in Africa. Environmental Research Letters, 16(7), 
074003. iopscience.iop.org 

Gharbia, S. S., Smout, I. K., & Adeyeye, K. (2021). Integrated 

assessment of climate change and land use change 

impacts on flood risk in the Nile Delta. Environmental 
Research, 197, 111011. 

https://doi.org/10.1016/j.envres.2021.111011 

Glade, T., Anderson, M., & Crozier, M. (Eds.). (2005). 
Landslide Hazard and Risk. Chichester: John Wiley & 

Sons. https://doi.org/10.1002/9780470012659 

Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. 

L., Wu, J., Bai, X., & Briggs, J. M. (2008). Global 
change and the ecology of cities. Science, 319(5864), 

756–760. https://doi.org/10.1126/science.1150195 

Güneralp, B., Güneralp, İ., & Liu, Y. (2017). Changing global 

patterns of urban exposure to flood and drought 
hazards. Global Environmental Change, 31, 217–225. 



 
352  Bahavira, J.M., et al./ JGEET Vol 10 No 3/2025  
 

https://doi.org/10.1016/j.gloenvcha.2015.01.002 

Haddad, N. M., Brudvig, L. A., Clobert, J., Davies, K. F., 

Gonzalez, A., Holt, R. D., ... & Townshend, J. R. 

(2015). Habitat fragmentation and its lasting impact on 
Earth’s ecosystems. Science Advances, 1(2), 

e1500052. https://doi.org/10.1126/sciadv.1500052 

Heald, C. L., & Spracklen, D. V. (2015). Land-use change 

impacts on atmospheric aerosols. Nature 
Communications, 6, 1832. 

https://doi.org/10.1038/ncomms7832 

Ighile, E. H., & Shirakawa, H. (2020). A study on the effects 

of land use change on flooding risks in Nigeria. 
Geographia Technica, 15(1), 91–101. 

https://doi.org/10.21163/GT_2020.151.08 

Intergovernmental Panel on Climate Change (IPCC). (2022). 

Special Report on Climate Change and Land. 
https://www.ipcc.ch/srccl/ 

Ionita, M., & Krishnamurti, T. N. (2023). Assessing the 

effects of urban canopy on extreme rainfall over the 

Lake Victoria Basin. Atmosphere, 15(2), 226. 
https://doi.org/10.3390/atmos15020226 

ipcc.ch+1ipcc.ch+1mdpi.com 

IPBES. (2019). Summary for policymakers of the global 

assessment report on biodiversity and ecosystem 
services. https://ipbes.net/global-assessment 

IPCC. (2022). Climate Change 2022: Impacts, Adaptation 

and Vulnerability. Sixth Assessment Report, Working 

Group II. https://www.ipcc.ch/report/ar6/wg2/ 
Isbell, F., Gonzalez, A., Loreau, M., Cowles, J., Diaz, S., 

Hector, A., ... & Tilman, D. (2017). Linking the 

influence and dependence of people on biodiversity 

across scales. Nature, 546(7656), 65–72. 
https://doi.org/10.1038/nature22899 

Jacobs, L., Dewitte, O., Poesen, J., Maes, J., Vanmaercke, M., 

& Kervyn, M. (2018). The direct impact of rainfall on 

landslide activity: Evidence from the tropical regions 
of Africa. Geomorphology, 319, 23–46. 

https://doi.org/10.1016/j.geomorph.2018.07.002 

Kafy, A. A., Ahmed, A., Sulaiman, S. A., & Hossain, M. A. 

(2021). Urban Heat Island Intensity and Urban Growth 
Nexus in Sub-Saharan Africa: A Multi-City Remote 

Sensing Analysis. Remote Sensing, 13(20), 4212. 

https://doi.org/10.3390/rs13204212 

Kahyaoğlu‑ Koraçin, E., Yao, L. J., Guldmann, J.-M. (2009). 
Air pollution and urbanization: A review. Environment 

International, 35(2), 246–255. 

https://doi.org/10.1016/j.envint.2008.07.003 

Kankolongo, B., Mbaya, J. T., & Tshimanga, R. (2021). 
Spatio-temporal analysis of urban expansion and its 

hydrological implications in Kinshasa. Environmental 

Monitoring and Assessment, 193(8), 530. 

https://doi.org/10.1007/s10661-021-09288-5 
Kayitesi, C., Alemayehu, T. T., & Habte, D. G. (2022). 

Impacts of Land Use/Land Cover Change and Climate 

Change on River Hydromorphology: A Review of 

Research Studies in Tropical Regions. Journal of 
Water and Climate Change, 12(4), 1–22. Retrieved 

from 

https://www.researchgate.net/publication/365240184 
Kim, Y., & Joh, S. (2006). A vulnerability study of the low-

income elderly in the context of high-temperature 

weather events in Seoul, Korea. Habitat International, 

30(3), 591–603. 
https://doi.org/10.1016/j.habitatint.2005.02.006 

Kimambo, W. T. (2019). Understanding the effects of 

changing weather: Case of flash flood in Morogoro. 

Advances in Meteorology, 2019, 8505903. 
https://doi.org/10.1155/2019/8505903 

onlinelibrary.wiley.com 

Knapen, A., Kitutu, M. G., Poesen, J., & Deckers, J. (2006). 

Landslides in a densely populated county at the 

footslopes of Mount Elgon (Uganda): Characteristics 
and causal factors. Geomorphology, 73(1-2), 149–165. 

https://doi.org/10.1016/j.geomorph.2005.07.004 

Kreier, F. (2022, April). Tropical forests have big climate 

benefits beyond carbon storage. Nature. 
https://doi.org/10.1038/d41586-022-01005-7 

Lai, A., Chan, K. L., & Wong, C. W. (2016). Impact of land-

use change on air quality in Pearl River Delta, China. 

Advances in Meteorology, 2016, 3830592. 
https://doi.org/10.1155/2016/3830592 

Lal, R. (2001). Soil degradation by erosion. Land 

Degradation & Development, 12(6), 519–539. 

https://doi.org/10.1002/ldr.472 
Lambin, E. F., Geist, H. J., & Lepers, E. (2006). Dynamics of 

land-use and land-cover change in tropical regions. 

Annual Review of Environment and Resources, 28, 

205–241. 
https://doi.org/10.1146/annurev.energy.28.050302.10

5459 

Laurance, W. F., Sayer, J., & Cassman, K. G. (2014). 

Agricultural expansion and its impacts on tropical 
nature. Trends in Ecology & Evolution, 29(2), 107–

116. https://doi.org/10.1016/j.tree.2013.12.001 

Lerner, D. N. (2002). Identifying and quantifying urban 

recharge: a review. Hydrogeology Journal, 10(1), 143–
152. https://doi.org/10.1007/s10040-001-0177-1 

Li, H., Wang, Y., Li, Z., & Zhang, Y. (2021). Combined 

effects of land use change and climate change on 

runoff in the upper Yangtze River Basin. Science of the 
Total Environment, 762, 143054. 

https://doi.org/10.1016/j.scitotenv.2020.143054 

Li, X., Zhou, Y., Asrar, G. R., Imhoff, M., & Li, X. (2016). 

Urban expansion and heat effects on pollution. Science 
of the Total Environment, 565, 322–333. 

https://doi.org/10.1016/j.scitotenv.2016.05.09 

Li, X., Zhou, Y., Asrar, G. R., Imhoff, M., & Li, X. (2019). 

The surface urban heat island response to urban 
expansion: A panel analysis for the conterminous 

United States. Science of The Total Environment, 653, 

322–333. 

https://doi.org/10.1016/j.scitotenv.2018.10.372 
Lin, Y.-P., Hong, N.-M., Wu, P.-J., Wu, C.-F., & Verburg, P. 

H. (2008). Impacts of land use change scenarios on 

hydrology and land use patterns in the Wu–Tu 

watershed in Northern Taiwan. Landscape and Urban 
Planning, 87(1), 54–69. 

https://doi.org/10.1016/j.landurbplan.2008.04.005 

Liu, L., Zhang, Y., Yu, T., Liu, Y., & Wang, J. (2017). Urban 

drought hazard assessment based on remote sensing 
indicators and multi-criteria decision analysis: A case 

study in Beijing, China. Remote Sensing, 9(3), 231. 

https://doi.org/10.3390/rs9030231 

Luo, H., Osei, K., Biney, P. O., & Addai, E. K. (2020). 
Assessing the impact of land use and land cover 

(LULC) changes on surface runoff downstream of the 

Bontanga watershed (Northern Ghana). Water Practice 
and Technology, 15(4), 1348–1361. 

https://doi.org/10.2166/wpt.2020.146 

MacCarthy, D. S., Sesay, S., & Koroma, A. P. (2020). The 

2017 Regent landslide disaster in Freetown, Sierra 
Leone: Causes, impacts, and policy implications. 

Natural Hazards, 102(2), 729–752. 

https://doi.org/10.1007/s11069-020-03935-5 

Malhi, Y., Roberts, J. T., Betts, R. A., Killeen, T. J., Li, W., 
& Nobre, C. A. (2009). Climate change, deforestation, 



 
Bahavira, J.M., et al./ JGEET Vol 10 No 3/2025 353 

 

and the fate of the Amazon. Science, 326(5958), 169–

172. https://doi.org/10.1126/science.1182192 

Mayala, S., Mukadi, B. K., & Tshimanga, P. (2019). 

Geohazards in the periphery of Kinshasa: A case study 
of landslide vulnerability in Mont Ngafula. Journal of 

African Earth Sciences, 155, 94–104. 

https://doi.org/10.1016/j.jafrearsci.2019.04.012 

Mbaya, J. T., Basole, F. A., & Katombe, A. (2019). Soil 
erosion and land degradation in peri-urban Kinshasa: 

the case of Mont-Ngafula. Geoderma Regional, 17, 

e00212. https://doi.org/10.1016/j.geodrs.2019.e00212 

Mbuyi, M. K., Mulumba, M. J., & Maloba, K. T. (2022). 
Assessing landslide susceptibility in Kinshasa using 

GIS and field data. Journal of African Earth Sciences, 

183, 104448. 

https://doi.org/10.1016/j.jafrearsci.2022.104448 
McKinney, M. L. (2006). Urbanization as a major cause of 

biotic homogenization. Biological Conservation, 

127(3), 247–260. 

https://doi.org/10.1016/j.biocon.2005.09.005 
Miller, J. D., & Hutchins, M. (2017). The impacts of 

urbanisation and climate change on urban flooding and 

urban water quality: A review of the evidence 

concerning the United Kingdom. Journal of 
Hydrology: Regional Studies, 12, 345–362. 

https://doi.org/10.1016/j.ejrh.2017.06.006 

Miller, J. D., Kim, H., Kjeldsen, T. R., Packman, J., Grebby, 

S., & Dearden, R. (2002). Assessing the impact of 
urbanization on storm runoff in a tropical catchment 

using remote sensing and hydrological modeling. 

Hydrological Processes, 16(3), 243–262. 

https://doi.org/10.1002/hyp.3322 
Minale, C. N., & Rao, V. U. M. (2012). Land use change and 

its effect on regional climate processes in Ethiopia. 

International Journal of Climatology, 32(4), 654–669. 

https://doi.org/10.1002/joc.2301 
Mongabay. (2024, December). Climate change fuels African 

floods that hit harder. news.mongabay.com 

Montanarella, L., Pennock, D. J., McKenzie, N., Badraoui, 

M., Chude, V., Baptista, I., ... & Vargas, R. (2016). 
World's soils are under threat. Soil, 2(1), 79–82. 

https://doi.org/10.5194/soil-2-79-2016 

Mugagga, F., Kakembo, V., & Buyinza, M. (2012). Land use 

changes on the slopes of Mount Elgon and the 
implications for the occurrence of landslides. Catena, 

90, 39–46. 

https://doi.org/10.1016/j.catena.2011.11.004 

Munyaneza, O., Wali, U. G., Nzeyimana, Y., & Mpambara, 
A. (2020). Assessing the impacts of wetland 

degradation on flood risks in Kigali, Rwanda. 

Hydrology, 7(4), 75. 

https://doi.org/10.3390/hydrology7040075 
Mvondo, B., Watezé, N. C., & Kalombo, J. (2021). 

Assessment of urban heat islands in Kinshasa using 

Landsat-8 data. African Geographical Review, 40(3), 

248–263. 
https://doi.org/10.1080/19376812.2021.1929996 

Mwangi, H. M., Julich, S., Patil, S. D., & Feger, K. H. (2016). 

Modelling the impact of land use change on runoff and 
sediment yield in the Upper Gucha watershed, Kenya. 

Ecological Processes, 5(1), 16. 

https://doi.org/10.1186/s13717-016-0055-4 

Mwangi, J. K., Mogaka, H., & Gathenya, J. M. (2022). 
Integrated assessment of land use and climate change 

impacts on flood risks in Nairobi River Basin, Kenya. 

Environmental Challenges, 6, 100408. 

https://doi.org/10.1016/j.envc.2021.100408 
Nayak, S., & Mandal, M. (2019). Impact of land-use and 

land-cover changes on temperature trends over 

Western India. Current Science, 102(10), 1166–1173. 

Retrieved from https://www.currentscience.ac.in 

Newbold, T., Hudson, L. N., Hill, S. L. L., Contu, S., Gray, 
C. L., Scharlemann, J. P. W., ... & Purvis, A. (2015). 

Global effects of land use on local terrestrial 

biodiversity. Nature, 520(7545), 45–50. 

https://doi.org/10.1038/nature14324 
Ngoma, L., Mabiala, N. M., & Munganga, D. (2023). 

Analysis of urban heat island effect in Kinshasa using 

remote sensing and GIS. Urban Climate, 49, 101715. 

https://doi.org/10.1016/j.uclim.2023.101715 
Niehoff, D., Fritsch, U., & Bronstert, A. (2002). Land-use 

impacts on storm-runoff generation: scenarios of land-

use change and simulation of hydrological response in 

a meso-scale catchment in SW-Germany. Journal of 
Hydrology, 267(1–2), 80–93. 

https://doi.org/10.1016/S0022-1694(02)00142-7 

Nyandwi, E., Kanobayire, E., & Yadav, B. (2022). Effects of 

land use change on soil properties in a tropical African 
catchment. Environmental Challenges, 7, 100466. 

https://doi.org/10.1016/j.envc.2022.100466 

Nyssen, J., Poesen, J., Moeyersons, J., Deckers, J., Mitiku, H., 

& Lang, A. (2004). Human impact on the environment 
in the Ethiopian and Eritrean highlands—a state of the 

art. Earth-Science Reviews, 64(3–4), 273–320. 

https://doi.org/10.1016/S0012-8252(03)00078-3 

Nzeukou, A., Tshimanga, R., & Batumike, J. (2020). 
Characterization of extreme rainfall events in Kinshasa 

and their impacts. Climate Risk Management, 27, 

100207. https://doi.org/10.1016/j.crm.2020.100207 

Ohba, M., et al. (2019). Climate variability and floods: A 
global review. Water, 11(7), 1399. 

https://doi.org/10.3390/w11071399 mdpi.com 

Oke, T. R. (1982). The energetic basis of the urban heat 

island. Quarterly Journal of the Royal Meteorological 
Society, 108(455), 1–24. 

https://doi.org/10.1002/qj.49710845502 

Olang, L. O., & Fürst, J. (2011). Effects of land cover change 

on flood peak discharges and runoff volumes: model 
estimates for the Nyando River Basin, Kenya. 

Hydrological Processes, 25(1), 80–89. 

https://doi.org/10.1002/hyp.7821 

Olsson, L., Barbosa, H., Bhadwal, S., Cowie, A., Delusca, K., 
Stringer, L., ... & Traore, S. (2019). Land degradation. 

In IPCC Special Report on Climate Change and Land. 

https://www.ipcc.ch/srccl/chapter/chapter-4/ 

Otieno, F. O., Wasonga, O. V., & Obiero, K. (2017). 
Assessing the influence of climate change on 

groundwater recharge in semi-arid Kenya using 

observational and remote sensing data. Environmental 

Earth Sciences, 76(5), 162. 
https://doi.org/10.1007/s12665-017-6409-1 

Ouma, Y. O., & Tateishi, R. (2014). Urban flood vulnerability 

and risk mapping using integrated multi-parametric 

AHP and GIS: methodological overview and case 
study assessment. Water, 6(6), 1515–1545. 

https://doi.org/10.3390/w6061515 

Owen, B., Martin, A., & Wilby, R. (2006). Climate change 
and water availability in urban areas. Urban 

Environment, 4, 1–12. [Link not available] 

Pacifici, M., Visconti, P., Butchart, S. H., Watson, J. E., 

Cassola, F. M., & Rondinini, C. (2017). Species’ traits 
influenced their response to recent climate change. 

Nature Climate Change, 7(3), 205–208. 

https://doi.org/10.1038/nclimate3223 

Panagos, P., Borrelli, P., Meusburger, K., Alewell, C., 
Lugato, E., & Montanarella, L. (2015). Estimating the 



 
354  Bahavira, J.M., et al./ JGEET Vol 10 No 3/2025  
 

soil erosion cover-management factor at the European 

scale. Land Use Policy, 48, 38–50. 

https://doi.org/10.1016/j.landusepol.2015.05.021 

Panagos, P., Borrelli, P., Poesen, J., Ballabio, C., Lugato, E., 
Meusburger, K., & Montanarella, L. (2018). The new 

assessment of soil loss by water erosion in Europe. 

Environmental Science & Policy, 54, 438–447. 

https://doi.org/10.1016/j.envsci.2018.02.012 
Pickett, S. T. A., Cadenasso, M. L., Grove, J. M., Nilon, C. 

H., Pouyat, R. V., Zipperer, W. C., & Costanza, R. 

(2001). Urban ecological systems: Linking terrestrial 

ecological, physical, and socioeconomic components 
of metropolitan areas. Annual Review of Ecology and 

Systematics, 32(1), 127–157. 

https://doi.org/10.1146/annurev.ecolsys.32.081501.11

4012 
Pielke, R. A., Avissar, R., Fujita, T., & Steyaert, L. (2011). 

Land use/land cover changes and climate: Modeling 

analysis and observational evidence. Wiley 

Interdisciplinary Reviews: Climate Change, 2(6), 828–
850. https://doi.org/10.1002/wcc.144 

Pimentel, D., Harvey, C., Resosudarmo, P., Sinclair, K., 

Kurz, D., McNair, M., ... & Blair, R. (1995). 

Environmental and economic costs of soil erosion and 
conservation benefits. Science, 267(5201), 1117–

1123. https://doi.org/10.1126/science.267.5201.1117 

Preti, F. (2013). Role of root reinforcement in slope stability 

and shallow landslides. Earth Surface Processes and 
Landforms, 38(5), 709–719. (cited via turn0search13) 

Reuters. (2024, October 23). Climate change worsened rains 

in flood-hit African regions. 

onlinelibrary.wiley.com+4reuters.com+4news.monga
bay.com+4 

Roth, M. (2007). Review of urban climate research in 

(sub)tropical regions. International Journal of 

Climatology, 27(14), 1859–1873. 
https://doi.org/10.1002/joc.1591 

Roy, D. P., et al. (2023). LULC effects on PM₂ .₅  in Dhaka. 

Ecological Indicators, 154, 110746. 

https://doi.org/10.1016/j.ecolind.2023.110746 
Santamouris, M. (2015). Regulating the damaged thermostat 

of the cities—Status, impacts and mitigation 

challenges. Energy and Buildings, 91, 43–56. 

https://doi.org/10.1016/j.enbuild.2015.01.027 
Scanlon, B. R., Healy, R. W., & Cook, P. G. (2002). Choosing 

appropriate techniques for quantifying groundwater 

recharge. Hydrogeology Journal, 10(1), 18–39. 

https://doi.org/10.1007/s10040-001-0176-2 
Schwarz, N., Lautenbach, S., & Seppelt, R. (2015). Exploring 

indicators for quantifying surface urban heat island 

effects. Remote Sensing of Environment, 115(12), 

3175–3186. https://doi.org/10.1016/j.rse.2011.07.003 
Sheffield, J., Wood, E. F., & Roderick, M. L. (2012). Little 

change in global drought over the past 60 years. 

Nature, 491(7424), 435–438. 

https://doi.org/10.1038/nature11575 
Shrestha, S., Alavipanah, S. K., & Kazemi, F. (2006). 

Application of remote sensing and GIS in groundwater 

modeling. Environmental Earth Sciences, 50(7), 1003–
1012. https://doi.org/10.1007/s00254-006-0273-1 

Shuster, W. D., Bonta, J., Thurston, H., Warnemuende, E., & 

Smith, D. R. (2005). Impacts of impervious surface on 

watershed hydrology: A review. Urban Water Journal, 
2(4), 263–275. 

https://doi.org/10.1080/15730620500386529 

Sidle, R. C., Ziegler, A. D., Negishi, J. N., Nik, A. R., Siew, 

R., & Turkelboom, F. (2006). Erosion processes in 
steep terrain — Truths, myths, and uncertainties 

related to forest management in Southeast Asia. Forest 

Ecology and Management, 224(1–2), 199–225. 

https://doi.org/10.1016/j.foreco.2005.12.019 

Stavi, I., Lal, R., & Barkai, D. (2021). Urbanization-induced 
soil degradation: A review. Journal of Environmental 

Management, 289, 112512. 

https://doi.org/10.1016/j.jenvman.2021.112512 

Stone, B., Hess, J. J., & Frumkin, H. (2010). Urban form and 
extreme heat events: Are sprawling cities more 

vulnerable to climate change than compact cities? 

Environmental Health Perspectives, 118(10), 1425–

1428. https://doi.org/10.1289/ehp.0901879 
Sugianto, R. D., Setiawan, B. I., & Suripin. (2022). Modeling 

the effect of land use change on peak discharge using 

the HEC-HMS model in the Krueng Teunom 

watershed, Indonesia. IOP Conference Series: Earth 
and Environmental Science, 1086(1), 012018. 

https://doi.org/10.1088/1755-1315/1086/1/012018 

Sun, X., et al. (2016). Urban land use and airline pollution. 

Science of the Total Environment, 543, 15–24. 
https://doi.org/10.1016/j.scitotenv.2015.11.105 

Superczynski, S., & Christopher, S. (2011). Urbanization and 

air quality. Urban Climate, 1(2), 69–87. 

https://doi.org/10.1016/j.uclim.2011.03.004 
Tening, A. S., Anong, B. A., & Sakwe, D. (2016). Assessment 

of soil degradation in relation to land use types in peri-

urban areas of Douala, Cameroon. International 

Journal of Agricultural Policy and Research, 4(4), 75–
83. https://doi.org/10.15739/IJAPR.16.010 

Terti, G., Ruin, I., Anquetin, S., & Gourley, J. J. (2017). 

Dynamic vulnerability in flash flood risk assessment. 

Natural Hazards, 91(1), 219–242. 
https://doi.org/10.1007/s11069-017-3125-5 

Tshimanga, R. M., Hughes, D. A., & Kasereka, M. C. (2016). 

Flood vulnerability mapping in the Congo River basin: 

case study of Kinshasa. Hydrological Sciences Journal, 
61(14), 2610–2623. 

https://doi.org/10.1080/02626667.2016.1154169 

Turner, B. L., et al. (2007). Land–change science: Observing, 

monitoring and understanding trajectories of change 
on the Earth’s surface. Proceedings of the National 

Academy of Sciences, 104(52), 20666–20671. (cited 

in turn0search4) 

UN-Habitat. (2021). Cities and Flooding in Africa: A Guide 
to Integrated Urban Flood Risk Management. Nairobi: 

United Nations Human Settlements Programme. 

https://unhabitat.org/cities-and-flooding-in-africa-a-

guide-to-integrated-urban-flood-risk-management 
United Nations Convention to Combat Desertification 

(UNCCD). (2017). The Global Land Outlook. 

https://www.unccd.int/resources/global-land-outlook 

van Beek, L. P. H., et al. (2020). Human modification of 
global water resources through land cover change. 

Nature Geoscience, 13(7), 491–496. 

https://doi.org/10.1038/s41561-020-0576-1 

Wang, Y., et al. (2019). Spatial modeling of PM₂ .₅  
variation. Atmospheric Environment, 202, 95–104. 

https://doi.org/10.1016/j.atmosenv.2019.03.017 

Ward, D., et al. (2014). LULCC, aerosols, and climate 
models. Environmental Research Letters, 9(2), 

024013. https://doi.org/10.1088/1748-

9326/9/2/024013 

Weng, Q. (2001). Modeling urban growth effects on surface 
runoff with the integration of remote sensing and GIS. 

Environmental Management, 28(6), 737–748. 

https://doi.org/10.1007/s002670010258 

Weng, Q. (2011). Remote sensing of impervious surfaces in 
the urban areas: Requirements, methods, and trends. 



 
Bahavira, J.M., et al./ JGEET Vol 10 No 3/2025 355 

 

Remote Sensing of Environment, 117, 34–49. 

https://doi.org/10.1016/j.rse.2011.02.030 

Weng, Q., & Yang, S. (2006). Urban environmental analysis 

using thematic maps and satellite imagery: The case of 
compact and non-compact urban forms in Phoenix, 

Arizona. Landscape and Urban Planning, 75(1-2), 90–

104. 

https://doi.org/10.1016/j.landurbplan.2004.09.003 
Weng, Q., Fu, P., & Gao, F. (2014). Generating daily land 

surface temperature at Landsat resolution by fusing 

Landsat and MODIS data. Remote Sensing of 

Environment, 145, 55–67. 
https://doi.org/10.1016/j.rse.2014.02.003 

Xu, L., Wang, L., Yang, J., & Liu, C. (2018). Assessing the 

effect of land use change on surface runoff in the 

central Beijing area using SWMM. Land, 7(1), 17. 
https://doi.org/10.3390/land7010017 

Zhou, D., Zhao, S., Liu, S., Zhang, L., & Zhu, C. (2014). 

Surface urban heat island in China's 32 major cities: 

Spatial patterns and drivers. Remote Sensing of 

Environment, 152, 51–61. 

https://doi.org/10.1016/j.rse.2014.05.017 
Zhou, W. (2014). Urban impervious surface and its 

environmental impact: a bibliometric review. 

Landscape and Urban Planning, 131, 89–95. 

https://doi.org/10.1016/j.landurbplan.2014.07.014 
Zhou, W., Huang, G., & Cadenasso, M. L. (2015). Does 

spatial configuration matter? Understanding the effects 

of land cover pattern on land surface temperature in 

urban landscapes. Landscape and Urban Planning, 
135, 97–106. 

https://doi.org/10.1016/j.landurbplan.2014.11.011 
 

© 2025 Journal of Geoscience, Engineering, 

Environment and Technology. All rights reserved. 

This is an open access article distributed under the 

terms of the CC BY-SA License (http://creativecommons.org/licenses/by-

sa/4.0/). 

 

https://doi.org/10.1016/j.landurbplan.2014.11.011
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

