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ABSTRACT 
 

Nigeria has the third largest mangrove forest in the world, the largest in Africa with approximately 
80% of its mangrove vegetation located within the Niger Delta region of the Country. Unfortunately, 
rapid urbanization has resulted in widespread mangrove loss which could lead to increased surface 
land temperatures (LST) culminating in the threat to the integrity of this ecosystem.  
Aim: The study assessed the impacts of mangrove cover changes on climate change in the Niger 
Delta Region of Nigeria with the aim of articulating sustainable mangrove management practices.  
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Place and Duration of Study: Mangrove covers from 1987 to 2022 in the study area which 
includes nine states of Akwa Ibom, Bayelsa, Cross River, Delta, Edo, Imo, Ondo, Rivers, and Abia, 
and encompasses significant mangrove forests.  
Methodology: The methodology adopted a remote sensing-based research design utilizing satellite 
imagery to analyze temporal changes in mangrove cover and evaluated their association with 
climate variables such as CO2 emissions and LST of the study area. Each satellite image geo-
referenced in ArcGIS 10.8 & LULC changes calculated using geometry module of ArcGIS 10.8. LST 
was derived from the geometrically corrected Landsat 5 and Landsat 8.  
Results: The data obtained revealed mangrove reduction from 12,991 km2 in 1987 to 9,089km2 in 
2022 resulting in the increased LST from 26.01°C to 28.07°C respectively within the pace of thirty-
five (35) years. These results illustrate a clear link between mangrove cover change and variation in 
the LST, highlighting the critical role mangroves play in regulating climate change.  
Conclusion: There are significant losses in mangrove cover have been closely associated with 
increased LST, thus reflecting the vital role these ecosystems play in carbon sequestration which 
underscores the importance of preserving these vital ecosystems to mitigate local and global 
climate impacts.  
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1. INTRODUCTION 
 
Land surface temperature (LST) is an important 
factor in global change studies, in estimating 
radiation budgets in heat balance studies and as 
a control for climate models. The knowledge of 
surface temperature is important to a range of 
issues and themes in earth sciences central to 
urban climatology, global environmental change, 
and human-environment interactions (Li et al., 
2023). The climate in and around cities and other 
built-up areas is altered due to changes in LU/LC 
and anthropogenic activities of urbanization 
(Zhou et al., 2018). The most imperative problem 
in urban areas is increasing surface temperature 
due to alteration and conversion of vegetated 
surfaces to impervious surfaces (Zhou et al., 
2018). These changes affect the atmospheric 
solar concentration, radiant heat, dehydration 
rates, wind velocity, heat conduction, etc in 
addition to extreme changes to the troposphere 
in most cities (NourEldeen et al., 2020).  
 
Land surface temperature can provide important 
information about the surface physical properties 
and climate which plays a role in many 
environmental processes (Chen et al., 2022). A 
number of research efforts into this subject has 
ascertained that by calculating the air 
temperature via surface-based observation 
stations, it is possible to determine the relative 
warmth of any city globally. Some studies used 
measurements of temperature using temperature 
sensors mounted on car, along various routes 
(Fonseka et al., 2019). However this approach is 
neither cost effective nor efficient and in most 
cases would lead to false positive or false 

negative geometric calculation. A cheaper and 
rapid approach would be that of remote sensing. 
Land surface temperature is sensitive to 
vegetation and soil moisture; hence it can be 
used to detect land use/land cover changes,               
e.g. tendencies towards urbanization, 
desertification etc. Various studies have been 
carried out to investigate LST using the 
vegetation abundance and how it affects 
atmospheric attenuation, gradual release of 
gases to the ozone layer as well as the 
downward long-wave radiation (DLWR) on the 
earth surface (Pierangelo et al., 2004; (Feng et 
al., 2019). The urban environments is plagued 
with an ever increasing land surface temperature 
as a result of the near total destruction of 
vegetative land cover and its replacement with 
concrete walkways and other artificial surfaces 
(Mallick et al., 2008), transformation of vegetated 
and wetland into agricultural land or bare waste 
land (Arsiso et al., 2023). These changes affect 
the degree of absorption of solar radiation, 
reflective power, surface temperature, 
evaporation rates, transmission of heat to the 
soil, storage of heat, wind turbulence and                    
can severely change the natural state of 
tropospheric conditions over the cities (Mallick et 
al., 2008), deter the energy/water flux (Oke, 
1987) and also temper with several ecological 
processes (Feng et al., 2019). In attempt to 
illuminate the relationship between rapid 
urbanization and LST, Ogashawara and Brum 
Bastos (2012) examined the link between aquatic 
environs and floral to LST within the metropolitan 
areas of Brazil. Their results suggested that the 
developed urban settlements generated a rising 
surface temperature alongside in contrast to a 
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lower LST in control areas with dense floral cover 
and the country’s coastal/rural areas. Pal and 
Ziaul (2017), explained urban heat island effect 
by three factors: the effects of energy 
transformation in cities; the decrease of 
evapotranspiration; and, the production of 
anthropogenic energy. He also, depicted three 
types of UHIs: Canopy Layer Heat Island (CLHI); 
Boundary Layer Heat Island (BLHI); and, Surface 
Heat Island (SHI). Fabrizi et al. (2010) concluded 
that SHI was responsible for the increased 
temperatures observed on the urban surface 
while a combination of the BLHI and CLHI         
were the main culprit of the warm urban 
atmosphere.  
 
The scientific justification that once mangroves 
are lost, the cooling benefits they provide may 
take time to regenerate is supported by 
ecological research that highlights the key roles 
mangroves play in temperature regulation and 
their slow recovery process after disturbance. 
Mangroves regulate local microclimates by 
providing shade and through the process of 
evapotranspiration (Wan, 2014). This process 
releases moisture into the atmosphere, which 
cools the surrounding environment. When 
mangroves are lost, the immediate removal of 
this cooling function results in increased surface 
temperatures (Wan, 2014). The recovery of this 
cooling benefit takes time as new mangrove 
trees need years to develop their full canopy 
structure and mature root systems. Accordingly, 
Wan, (2014) demonstrated the role of 
evapotranspiration in moderating local climates 
in mangrove ecosystems. In degraded or 
deforested mangrove areas, it was discovered 
that there is a measurable increase in land 
surface temperature due to the absence of shade 
and transpiration from vegetation Soil Heat 
Absorption and Carbon Storage. Kauffman et al., 
(2014) also noted that mangrove ecosystems 
can sequester large amounts of carbon, and 
when they are degraded, the release of carbon 
and the exposure of previously shaded soils can 
lead to significant increases in surface 
temperature. When mangroves are cleared, the 
exposed soils are prone to absorbing more solar 
radiation, resulting in an increase in land surface 
temperature. Mangrove soils are rich in organic 
matter and water content, both of which help to 
maintain cooler surface temperatures. Once 
disturbed, these soils tend to dry out and lose 
their heat-buffering capacity. Regenerating these 
soil conditions, especially the organic content, 
takes years, during which time the land remains 
hotter. 

Mangrove trees are known to grow slowly, 
especially under harsh conditions such as high 
salinity, nutrient-poor soils, or after disturbances 
like deforestation (Bosire et al., 2008). Studies 
have shown that it can take several decades for 
mangroves to fully recover and regenerate their 
ecological functions, including temperature 
regulation. The cooling benefits that result from a 
mature mangrove forest canopy take time to 
return after restoration or natural regeneration 
begins. Bosire et al., (2008) provided evidence 
that the full recovery of ecological functions in 
restored mangroves, including temperature 
regulation, can take decades depending on the 
extent of degradation, local environmental 
conditions, and management practices. Moreso, 
mangroves are among the most carbon-dense 
ecosystems on the planet, storing large amounts 
of carbon in their biomass and soils (Donato et 
al., 2011). When mangroves are cleared, this 
carbon is released into the atmosphere, 
contributing to the greenhouse effect and global 
warming (Donato et al., 2011). The cooling 
benefits of carbon sequestration provided by 
mature mangroves take time to recover because 
the newly planted or regenerating mangroves 
take years to accumulate carbon at the same 
levels as mature forests (Donato et al., 2011). 
Walters et al., (2008) reviewed the recovery of 
ecosystem services following mangrove 
deforestation and found out that cooling effects 
of mangroves are part of a broader suite of 
ecosystem services, including biodiversity 
support, carbon storage, and water regulation. 
When mangroves are destroyed, these services 
are lost, and while restoration efforts can be 
successful, there is a lag time before these 
benefits are fully restored. This delay is due to 
the time needed for tree growth, soil stabilization, 
and the re-establishment of hydrological and 
microclimate processes that mangroves support 
(Walters et al., 2008).  

 
Across Asia, several metropolitan cities were 
monitored for LST and mangrove depletion by 
several research teams (Grover and Singh, 
2015). Unfortunately no such works have been 
carried out for the small towns especially those 
that have also started nucleating heating 
problem. Monitoring of those can help to provide 
early step for adopting suitable policies for either 
overcoming or minimizing the problems. Keeping 
this concern in mind, the present work is based 
on highly populated and rapidly growing Niger 
Delta Region of Nigeria and the changes in the 
mangroves within its constituent States of Akwa 
Ibom, Bayelsa, Cross River, Delta, Ondo and 
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Rivers (Oke, 1987). Moreover, the average 
meteorological density (likely referring to 
atmospheric density or air density) in the Niger 
Delta region of Nigeria, which is a plain and 
coastal area, is influenced by factors like 
temperature, humidity, and altitude. In general, 
the Niger Delta is a tropical region, with 
temperatures ranging from 24°C to 32°C and 
higher temperatures lead to lower air density 
(Oke, 1987). The region also has high humidity 
levels, which also reduces air density. Being a 
low-lying plain, the Niger Delta is near sea level, 
so its altitude doesn't significantly reduce air 
density. Therefore, using the International 
Standard Atmosphere (ISA) model as a baseline, 
the air density at sea level under standard 

conditions (15°C and 1013.25 hPa) is around 
1.225 kg/m³ (Oke, 1987). However, in tropical 
regions like the Niger Delta, with higher 
temperatures and humidity, the density would be 
somewhat lower and a rough estimate for the 
Niger Delta's air density, given the local 
temperature and humidity, might be around 1.15 
to 1.20 kg/m³ (Oke, 1987). 

 
2. STUDY AREA, DATA TYPE, 

ACQUISITION AND ANALYSIS 

 
Niger Delta Region is situated between longitude 

(5.05E-7.17E) and latitude (4.15 N-7.17N) in 
the southern part of Nigeria and bordered to the 

 

 
 

Fig. 1. Map of Nigeria Showing Niger Delta Region 
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south by the Atlantic Ocean and to the East by 
Cameroon. It occupies a total land area of 
75,000 square kilometres, and it is the world’s 
second largest delta with a coastline of about 
450 km (Awosika, 1995). Niger Delta is 
composed of 9 out of 36 states in Nigeria, (Abia, 
Akwa Ibom, Bayelsa, Cross River, Delta, Edo, 
Ondo, Imo and Rivers), and has 185 out of 774 
local government areas. The predominant 
settlement type in the Niger Delta is small and 
scattered hamlets which spans several villages 
and a gamut of communities (Akpan et al., 2017). 
 
In total, there are 13,329 settlements in the Niger 
Delta Region (Enaruvbe and Atafo, 2014). Data 
from the country’s 1991 census revealed that the 
inhabitants of the Niger Delta region increased 
by 30 million which represented a 2.9% rise in 13 
years. There is an estimated population of about 
41.5 million (about 22% of Nigeria’s population of 
200 million) and characterized by high ethnic and 
cultural diversity (NPC, 2023). The region has 
a maximum elevation of about 3m above mean 
sea level on the sandy barrier islands that border 
the sea and the Montana zone, is confined to the 
north eastern part of Cross River State being a 
high-altitude area approximately 900m to 1500m 
above sea-level (Dangana, 1981). 
 
The study area is the Mangrove Forest in the 
Niger Delta Region, located along the Gulf of 
Guinea in the South-South Geopolitical Zone of 
Nigeria. It extends along the Gulf of Guinea, from 
the mouth of the Benin River for a distance of 
about 450 km, to its eastern flank at the Calabar 
Estuary in Cross River State. It lies between 
latitudes 4° 16′ 22″ and 5° 33′ 49″ N and 
longitudes 5°3′49″ E and 7° 35′ 27″ E (Fig. 1). 
The Niger Delta Mangrove Ecosystem is the third 
largest mangrove in the world, comprising some 
36,000 km2 in area (Wang et al., 2016). It is 
spread across Ondo, Edo, Delta, Bayelsa, 
Rivers, Akwa-Ibom and Cross Rivers (James et 
al., 2013). According to Ayanlade (2012) Niger 
Delta has four ecological zones namely the 
mangrove vegetation, freshwater swamp, 
rainforest, and derived savannah.  

 
The Niger Delta region exhibited an average 
monthly temperature ranging 25oC to 29oC 
coupled to a 2000mm to 4000mm precipitation 
range annually and a relative humidity index 
above 70%, all of which spans its dry and rainy 
seasons (Nwilo and Badejo, 2006). Its dry 
season commences between November and 
February with an intermission of harmattan 
during the months of December and February, 

the lattar triggered by a dense-northern flow of 
air that sweeps across the continent (Ohwo, 
2015). Its evolutionary landforms comprises 
barrier lagoons, mud and strand coasts 
(Agumagu, 2015). Furthermore, aquatic 
distribution of creeks, estuaries and rivers 
measures 2370 km2 of the land mass while its 
swamp environment is estimated at 8600 km2 
with its mangrove swamp cover spans 
approximately 1900 km2 (Uyigue and Agho, 
2007). 
 

3. METHODOLOGY 
 
The details of the procedure have been reported 
(Useh et al., 2025). Satellite imagery to capture 
temperature changes was employed for the 
study area which covered all mangrove areas 
within Abia, Akwa Ibom, Bayelsa, Cross River, 
Delta, Edo, Imo and Ondo states between 1987 
and 2022. Other source data utilized included 
climate data, carbon sequestration and 
socioeconomic assessment. Data generation 
depicting land use and mangrove cover was 
obtained from Landsat Thematic Mapper (TM) 
imaging and verified with ArcGIS 10.8 to 
Universal Transverse Mercator (Useh et al., 
2025). Image processing, classification and 
change detection analysis were done following 
previously used procedures (Useh et al., 2025). 
 
Formulas:  
 
Landsat Satellite image (LANDSAT 5 TM, 1990) 
and (LANDSAT 8 OLI, 2014) images of 1987, 
2002, 2012 and 2022 in the Nigeria Niger Delta 
Biosphere Reserve were used for the land 
use/land cover classification and the thermal 
bands of the corresponding Landsat was used to 
obtain the Land surface temperature. Land use 
land cover maps of the study area from 1997 to 
2022 were generated by supervised classification 
and maximum likelihood method was used for 
this classification. The pixel sample ware 
selected from various spectral classes and run 
the data using maximum likelihood method. Final 
groping of similar pixels was done on the basis of 
sampled pixels for various land use/land cover 
classes. The generalized images were 
reclassified to reduce classification error and 
improve the accuracy of the classification. 
 
Surface temperature was derived from 
geometrically corrected Landsat 5 TM (band 6) 
and Landsat 8 TIRS (band 10 and 11). Spectral 
radiance model was used to retrieve surface 
temperature from Landsat 5 TM and split window 


