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ABSTRACT. Application of GIS and remote sensing to identify changes in 

surface water bodies and wetland depletion in the Kumasi metropolis, 

Ghana. In an era marked by rapid urbanization and environmental 

transformation, the application of Geographical Information System and Remote 

Sensing technologies plays a pivotal role in understanding and mitigating the 

impacts on natural ecosystems. This study aimed to use remote sensing and GIS 

to detect changes in surface water and wetlands in the Kumasi Metropolis over 

a period of 20 years (2002-2022). Landsat images were processed using the 

QGIS software, and the Maximum Likelihood Algorithm was used to perform 

supervised classification of land use land cover, while raster calculator aided in 

detecting wetlands by calculation for NDWI, MNDWI, and AWEI. The results 

showed that the majority of the landscape in the Kumasi metropolis was made 

up of built-up areas (79.4%), followed by agricultural lands (13.3%) and 

wetlands (7.3%). Over the 20-year period, built-up areas had gained 20.7% of 

the total landscape, while agricultural lands and wetlands had lost 16.7% and 

4.0%, respectively. All water index methods recorded an increase in non-water 

cover and a loss of water cover over the period, with surface water decreasing 

by 5% and non-water land cover increasing by 5%. The study concludes that 

there have been changes in wetlands and surface water land use and land cover 

within the Kumasi Metropolis over the past 20 years, and recommends the 

enforcement of legislation on surface water protection in the area to protect 

wetlands 
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1. Introduction 

Surface water bodies and wetlands are essential components of the global 

ecosystem, providing a range of ecological services such as water purification, 

carbon sequestration, and wildlife habitats. However, due to rapid population 

growth, urbanization, and land-use changes, these ecosystems are under 

increasing threat, resulting in their depletion and degradation (Stefanakis, 2019). 

Wetlands make up approximately 6% of the world's land area and can be 

categorized based on factors such as their origin, location, hydro-period, chemical 

composition, and plant diversity (Xu et al., 2019). These ecosystems are 

incredibly diverse and are comparable in terms of biodiversity to tropical 

rainforests and coral reefs (Martínez-Espinosa et al,2021). Due to their 

importance, many countries have designated wetlands as protected areas within 

their waterway systems and have implemented regulations to manage their use. 

However, human activity can complicate the utilization patterns of wetlands, 

making interpretation of their use more complex (Mukherjee et al., 2021). 

Wetlands are areas where water covers or is near the soil surface 

throughout the year or for varying periods, including the growing season (Papa 

et al., 2023). They support both aquatic and terrestrial species, with conditions 

favouring the growth of specially adapted plants and the development of 

characteristic wetland soils. Wetlands are diverse due to differences in soils, 

topography, climate, hydrology, water chemistry, vegetation, and other factors 

(Asomani-Boateng,2019). They are categorized into coastal/tidal wetlands, found 

along coasts and linked to estuaries, and in-land/non-tidal wetlands, common on 

floodplains, isolated depressions, lake and pond margins, and other low-lying 

areas A comprehensive overview of global wetlands reveals a marked decline in 

natural wetlands, particularly accentuated during the 20th and early 21st centuries 

(Davidson,2014). Further quantifying the issue, it is estimated that a minimum of 

33% of global wetlands has been lost, with Asia and Europe experiencing the 

most substantial depletions (Hu et al., 2017). In the specific case of the 

Isimangaliso Wetland in South Africa, a noteworthy reduction in the surrounding 

water is attributed to either natural phenomena or hu-man activities (Orimoloye 

et l.,2020). In China, a concerning loss of 2,883 km2 of wetlands to urban 

expansion between 1990 and 2010 is reported, with the depletion rate on an 

alarming upward trajectory (Mao et al., 2018). Meanwhile, the ineffectiveness of 

wetland protection measures in Ghana's Great-er Accra Metropolitan Area 

(GAMA) is unravelled, pointing to non-implementation and a lack of stakeholder 

participation. . Adade et al. (2017), focuses on the Songor Ramsar Site and finds 

that wetland fragmentation has occurred over a 25-year period, leading to a 

reduction in eco-system composition. Addo et al., (2016) identified forest 

depletion in Ghana and factors such as gold extraction, population growth, and 

logging as contributors to the loss of forest resources. Nonterah et al.,(2015) 

reviewed the eco hydrology of the Sakumo wetland and highlights the negative 
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impacts of urbanization, industrialization, and overexploitation on water quality 

and species diversity. 

 Remote sensing and geographic information systems (GIS) are powerful 

tools that have been used to monitor and assess the changes in surface water 

bodies and wetlands (Chen et al., 2022; Papastergiadou et al., 2008; Bhattacharjee 

et al., 2021). Remote sensing is the science of acquiring data about the Earth's 

surface using sensors onboard satellites, aircraft, or drones (Dunbar et al., 2022; 

Piovan, 2020). The sensors detect and measure the electromagnetic radiation 

reflected or emitted from the Earth's surface, which is used to derive information 

about the land cover, land use, and changes in the environment (Adão et al., 2017; 

Huang et al. 2023). Geographical Information System on the other hand, is a 

computer-based system used to manage, analyse, and visualize spatial data 

(Kirilenko, 2020; Sritart & Miyazaki, 2022). 

The combination of remote sensing and GIS techniques has revolutionized 

the way surface water bodies and wetlands are monitored and managed. Remote 

sensing provides spatial and temporal data that can be analysed and processed 

using GIS tools to derive valuable information about these ecosystems. For 

instance, remote sensing data can be used to identify changes in water bodies' 

extent, water quality, and vegetation cover in wetlands. The use of GIS tools can 

then be used to analyse these data and derive valuable insights into the causes and 

impacts of these changes. 

GIS and remote sensing techniques have been used to develop various 

models and algorithms for the identification and mapping of surface water bodies 

and wetland changes. For instance, the Normalized Difference Water Index 

(NDWI) is a commonly used algorithm for identifying surface water bodies from 

remote sensing data (Gao, 1996). Other algorithms have also been developed for 

identifying and mapping wetlands, such as the Modified Normalized Difference 

Water Index (MNDWI)( Xu, 2006), and the Automated Water Extraction Index 

(AWEI)( Feyisa et al., 2014). 

Traditionally, the monitoring and mapping of surface water bodies and 

wetlands have been done using ground-based methods, which are time-

consuming and expensive. However, with the advancements in remote sensing 

and GIS technologies, it is now possible to map and monitor these resources using 

satellite imagery and other remote sensing data. GIS and remote sens-ing provide 

a cost-effective and efficient way of monitoring changes in surface water bodies 

and wetlands, thereby allowing for timely interventions to be made to protect 

these valuable re-sources. 

The Kumasi Metropolis in Ghana is a rapidly urbanizing city that has seen 

significant changes in its land use patterns over the past few decades. As such 

frequent flooding has been occurring in recent times. The recent flood 

occurrences can be can be linked to the broader environmental issues of wetland 

depletion and climate change. Wetlands, which have been disappearing glob-ally 
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since the 1970s, play a crucial role in absorbing and storing excess rainfall, 

thereby reducing flooding. Wetlands play a crucial role in mitigating climate 

change and extreme weather events as they act as natural sponges, absorbing and 

storing excess rainfall and reducing flooding. However, their depletion can 

exacerbate flooding incidents. On the other hand, climate change, characterized 

by increasing global temperatures, leads to more evaporation and higher levels of 

atmospheric water vapour. This results in more frequent, heavy, and intense rains, 

which vegetation and soil may not absorb fast enough, leading to floods. 

Therefore, the protection and restoration of wetlands, along with addressing 

climate change, are vital for reducing the risk and impact of such flooding 

incidents in the future. As such, it is essential to monitor and manage surface 

water bodies and wetlands to ensure their sustainability and the provision of their 

ecosystem services. Despite the many benefits of using remote sensing and GIS 

technologies for monitoring surface water bodies and wetlands, their application 

in Ghana has been limited especial-ly in the study area. Therefore, this study aims 

to fill this research gap by using GIS and remote sensing to detect changes in 

surface water bodies and wetland depletion in the Kumasi Metropolis. The study 

utilized satellite imagery and other remote sensing data to map and monitor these 

resources, identifying any changes that may have occurred over time. The 

findings of this study will provide critical insights into the current state of surface 

water bodies and wetlands in the Kumasi Metropolis, which can inform policy 

decisions regarding their management and conservation. 

 

2.0 Materials and Methods 

2.1 Description of the Study Area 

Kumasi Metropolitan Assembly, one of Ghana's Metropolitan, 

Municipal, and District Assemblies, is located in the Ashanti Region of Ghana 

(figure 1). The metropolis is characterized by a sub-equatorial climate with a 

double maximum rainfall regime, as well as hills and valleys, and several rivers 

and streams, such as the Owabi, Subin, Wiwi, Sisai, Aboabo, and Nsuben. The 

2021 population and housing census conducted by the Ghana Statistical Service 

(2021) reported a total population of 443,981 in the metropolitan area, with 

diverse employment opportunities available for residents. Kumasi is Ghana's 

second-largest city and a major economic centre, with industries such as 

commerce, manufacturing, agriculture, and services. 

The vegetation in the metropolitan area lies within the moist semi-

deciduous section of the South-East Ecological zone. Kumasi, being part of the 

sub-equatorial climate, experiences average temperatures ranging from 21.5°C to 

30.7°C. The annual average rainfall measures 625mm, with peaks recorded at 

214.3mm in June and 16.2mm in September. The rainfall pattern is generally 

well-distributed throughout the year. Humidity levels are around 84.16% at 09:00 
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GMT and 60% at 15:00 GMT. The primary soil type in the metropolis is the 

Forest Ochrosol, and the geological composition is dominated by middle 

Precambrian Rock. Situated on the plateau of the South-West physical region, the 

metropolitan area ranges from 250 to 300 meters above sea level. The topography 

is mainly undulating. The metropolis is crisscrossed by several major rivers and 

streams, including SubIn, Wewe, Susan, Aboabo, Oda Owabi, Suntre, Akrubu, 

Acheamponmene, and Asuoyeboa. These geographical features contribute to the 

overall ecological diversity of Kumasi and influence local ecosystems and 

biodiversity. Several factors affect water bodies and wetlands in the Kumasi 

metropolis. Uncontrolled urbanization has led to degradation and conversion of 

wetlands to informal settlements. The land ownership system is an impediment 

to the successful management of these wetlands by the city authorities. Flooding, 

poor environmental conditions, and poor management of waste disposal were the 

effects of activities along wetland areas. Human activity has greatly polluted the 

water bodies to the extent that some are near extermination. There is an increasing 

occurrence of floods in the metropolis in recent times and their devastating effects 

on lives and properties. Malaria and typhoid were the most prevailing diseases 
within the study areas. 

 

Figure 1. Study area: (a) shows the land use classes sample data super imposed in 

google earth with the study area boundary. 
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2.2 Materials 

The United States Geological Survey (USGS) Earth Explorer website 

(https://earthexplorer.usgs.gov/) provided the source for the satellite image data 

used for Land Use and Land Cover (LULC) classification. The Landsat 7 TM+ 

and Landsat 8 OLI/ TIRS imagery from 2002 to 2022 at ten-year intervals were 

utilized, with preference given to images with minimal or no cloud cover (all 

product was taken in the month of January of each year from path 194 and row 

055). In addition, the selection of Landsat satellite image dates was influenced by 

the quality of the images. The Kumasi metropolis boundary shape files were 

obtained from the spatial and planning unit of the Kumasi Metropolitan Assembly 

(KMA), while hand-held GPS was used to acquire training samples (Figure 1). 

The QGIS computer software was used for the entire analysis of data. 

 

2.3 Methods 

2.3.1 Image Pre Processing and Classification 

The raster data was projected into UTM zone 30N and pan sharpened to 15m-by-

15m resolution. Because the raster data was collected at level 2-1, radiometric 

correction was not necessary. A classification scheme was adopted in this study. 

The study area was classified into three different classes. A detailed description 

of these classes is shown in Table 1.The sample points were super imposed on 

the raster data and ROI were created and used for the classification of the land 

use in the Kumasi metropolis in QGIS 3.22 software and applying the maximum 

likelihood algorithm. Moreover, the kappa statistics was applied in assessing the 

classification accuracy and all the relevant indicators recorded above 90%. 

However, to improve the accuracy of the changes in the surface water and 

wetland depletion, the water detection index which include NDWI, MNDWI, and 

AWEI were used to perform unsupervised classification of each of the images. 

The images were super imposed on the supervised classified images and pixel 

reclassification was taken to correct errors in each pixel into it respective land 

class. The images were then reclassified into areas where surface water can be 

found and areas they are not (Figure 2).  

Thus, mathematically; 

 
Where: 

• Green represents the reflectance in the green band of the electromagnetic 

spectrum. 

• NIR represents the reflectance in the near-infrared band. 

In the NDWI formula, the subtraction of the NIR band from the Green band helps 

to enhance the contrast between water bodies and surrounding land. Positive 
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values typically indicate the presence of water, while negative values are 

associated with other land cover types making appropriate for areas with much 

water coverage. 

 
Where: 

• Green represents the reflectance in the green band of the electromagnetic 

spectrum. 

• SWIR represents the reflectance in the short-wave infrared band. 

In this formula, the subtraction of the SWIR band from the Green band helps to 

enhance the presence of water bodies in the resulting index. Positive values are 

typically associated with water, while negative values are associated with other 

land cover types. The index is particularly useful in distinguishing water bodies 

from surrounding terrain in remote sensing applications. 

 
Where: 

• Green represents the reflectance in the green band of the electromagnetic 

spectrum. 

• NIR represents the reflectance in the near-infrared band. 

• SWIR represents the reflectance in the short-wave infrared band. 

The AWEI index enhances the contrast between water and non-water features, 

making it useful for mapping and monitoring water bodies in diverse landscapes. 

Positive values of AWEI are typically associated with water, while negative 

values are associated with other land cover types. 

 
Table 1. Details of land use classes 

Land Use Class          Detail Description 

Built-Up A developed or urbanized area, typically consisting of 

buildings, roads, and other infrastructure. 

Agricultural Lands Areas of land that are used for growing crops, raising 

livestock, or other agricultural purposes. These lands may 

include fields, pastures, orchards, vineyards, or other 

areas used for farming. 

Wet Lands Areas of land where water is the primary factor 

controlling the environment and the associated plant and 

animal life. These areas can be characterized by wet or 

waterlogged soil, and can occur in a variety of landscapes 

such as coastal areas, floodplains, and river basins. 
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2.3.2 Change Detection Analysis 

This formula subtracts the pixel values of the same location in Image 1 

from Image 2 to obtain the change value for each pixel. The change values can 

then be classified into different categories, such as no change, positive change, 

and negative change, based on a threshold value. This analysis was carried out in 

the QGIS software to map the depletion trend of the surface water and wetlands 

in the Kumasi metropolis. 

 

3. Results 

3.1. Land Use in the Kumasi Metropolis, Ghana 

 

The study conducted a supervised classification using Landsat satellite data from 

2002, 2012, and 2020, covering a 20-year period. The resulting land-use land-

cover map is visu-ally represented in Figure 3((a)shows land use in the year 2002; 

(b) shows land use in the year 20120; (c) shows land use in the year 2022.), while 

the details of the different land classes are presented in Table 2. The land use in 

Kumasi Metro, Ghana, has undergone significant changes between 2002 and 

2022. In 2002, the Built-Up environment occupied the largest portion of the total 

landscape at 58.7%, followed by Agricultural lands at 30.0%, and Wet lands at 

11.3%. However, in 2012, the Built-Up land had increased to 75.6%, while 

Agricultural land and Wet lands decreased to 14.4% and 10.0%, respectively. By 

2022, Built-Up land had further increased to 79.4%, while Agricultural land and 

Wet lands had reduced to 13.3% and 7.3%, respectively. This trend indicates a 

depletion of vegetation and wet lands within the Built-Up areas. In 2022, 75.6% 

of the total landscape had no vegetation or water 

Table 2. Land Use in the Kumasi Metropolis, Ghana 

Land Use Class 

                    Year 

    2002                2012            2020 

 

  ha       %           ha       %        ha          % 

Built-Up 17520.79 58.7 22545.91 75.6 23702.89 79.4 

Agricultural Lands 8951.75 30.0 4306.13 14.4 3969.32 13.3 

Wet Lands 3367.70 11.3 2988.19 10.0 2168.03 7.3 

Total 29,829.25     100.0 29,829.25 100.0 29,829.25     100 

Note: "Built-Up" includes areas designated for human settlements and infrastructure development. 

"Agricultural Lands" encompass spaces utilized for farming activities. "Wet Lands" comprise areas with 
high water content. Percentages indicate the proportion of each land use class relative to the total land 

area 
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Figure 2. Flow chart of the methodology: shows summary of the 

methodology used in the study. 
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Figure 3 (a): land use in the Kumasi Metropolis in the year 2002 

Figure 3(b): land use in the Kumasi Metropolis in the year 2012 
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Figure 3 (c): land use in the Kumasi Metropolis in the year 2002 

 
3.2 Detecting Surface water and wetlands 

NDWI, MNDWI and AWEI methods were used to detect surface water 

extraction under Landsat satellite images. The indices for the periods, 2002, 2012 

and 2022 are recorded in Table 3 and the spatial images are shown by Figure 4. 

Satellite images using NDWI, MNDWI, and AWEI all showed positive 

surface water ex-traction in 2002, with water cover ranging from 7.9% to 8.3%. 

However, over the 20-year period, there was a decrease in water cover and an 

increase in non-water cover for all methods. By 2022, water cover ranged from 

2.9% to 3.7% while non-water cover ranged from 96.3% to 97.1%.  
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Table 3. NDWI, MNDWI and AWEI methods (2002, 2012 and 2022) 

 

 

 

Indices 

Surface 

Water 

Extract

ion 

Land Cover 

  

Non-Water                  Water 

ha              %          ha       % 

LANDSAT 07 SATELLITE IMAGE (2002) 

Normalized 

Difference Water 

Index (NDWI) 

Positive 27385.71 91.7 2480.78  8.3 

Modified Normalized 

Difference Water 

Index (MNDWI) 

Positive 27322.09 91.8 2444.10 8.2 

Automated Water 

Extraction Index 

(AWEI) 

Positive 27509.46

75 

92.1 2357.03 7.9 

LANDSAT 08 SATELLITE IMAGE (2012) 

Normalized 

Difference Water 

Index (NDWI) 

Positive 28843.29 96.6 1023.21 3.4 

Modified Normalized 

Difference Water 

Index (MNDWI) 

Positive 28232.76 95.9   

1127.350 

4.1 

Automated Water 

Extraction Index 

(AWEI) 

Positive 28466.21 95.3  

1400.287 

4.7 

LANDSAT 08 SATELLITE IMAGE (2022) 

Normalized 

Difference Water 

Index (NDWI) 

Positive 28843.29 96.6 1003.21 3.4 

Modified Normalized 

Difference Water 

Index (MNDWI) 

Positive 28286.13 96.3 1086.36 3.7 

Automated Water 

Extraction Index 

(AWEI) 

Positive 29007.02 97.1 859.47  2.9 
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Figure 4. Surface water land use in the Kumasi Metropolis within 20 years: (a)shows 

surface water detected in the year 2002 using NDWI; (b) shows surface water 

detected in the year 2012 using MNDWI; (c) shows surface water detected in the year 

2022 using NDWI.; (d)shows surface water detected in the year 2002 using MNDWI; 

(e) shows surface water detected in the year 2022 using MNDWI; (f) shows surface 

water detected in the year 2022 using MNDWI (g)shows surface water detected in the 

year 2002 using AWEI; (h) shows surface water detected in the year 20120 using 

AWEI; (i) shows surface water detected in the year 2022 using AWEI. 

 

 

 

 

  

(a) (b) (c) 

 
  

(d) (e) (f) 

 
 

 

(g) (h) (i) 

LEGEND NO SURFACE WATER 

DETECTED 

SURFACE WATER 

DETECTED 



28 

 
Table 4. Wet land and Surface water land use changes in the Kumasi Metropolis 

 

Year Classes 

                   Changes 

                    

 
   ha         % 

2002 

 

to 

 

 

 

2012 

Built-up to Built-up 11,232.4903 62.9 

Built-up to Agricultural lands 101.53 0.5 

Built-up to Wetlands 159.4849 0.9 

Agricultural lands to Built-up 2391.9588 13.4 

Agricultural lands to Agricultural lands 1487.4914 8.3 

Agricultural lands to wetlands 855.1962 4.8 

Wetlands to Built-up 428.5538 2.4 

wetlands to Agricultural lands 910.5167 5.1 

Wetlands to wetlands 297.8536 1.7 

    

2012 

 

 

to  

 

 

2022 

Built-up to Built-up 12,620.3016 73.7 

Built-up to Agricultural lands 121.58 0.7 

Built-up to Wetlands 78.4157 0.4 

Agricultural lands to Built-up 1593.4098 8.9 

Agricultural lands to Agricultural lands 1747.7675 9.8 

Agricultural lands to wetlands 452.2787 2.5 

Wetlands to Built-up 293.7158 1.6 

wetlands to Agricultural lands 778.8944 4.4 

Wetlands to wetlands 178.7121 1.0 

    

2002 

 

 

 

to 

 

2022 

Built-up to Built-up 13255.4031 73.8 

Built-up to Agricultural lands 69.39 0.8 

Built-up to Wetlands 827.311 1.6 

Agricultural lands to Built-up 1046.6815 5.9 

Agricultural lands to Agricultural lands 978.8577 5.5 

Agricultural lands to wetlands 401.1859 2.2 

Wetlands to Built-up 739.3380 4.1 

wetlands to Agricultural lands 277.5469 1.6 

Wetlands to wetlands 269.3613 1.5 

 Total 29,829.25 100.0 
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3.3 Changes in Surface water and Wetlands depletion in the Kumasi 

Metropolis, Ghana. 

This section looks into the conversions in the land classes over the 

stipulated period. Statistical Table 4 shows the changes in land use in terms of 

hectors and percentages from 2002-2022 whiles figure 5 gives a spatial 

distribution of the land use changes. 

 

Figure 5. Depletion of wet land and Surface water land use changes in the 

Kumasi Metropolis within 20 years: (a)shows changes in land use from the 

year 2002 -2012; (b) shows changes in land use from the year 2012-2022; (c) 

shows changes in land use from the year 2002-2022; (d)shows surface water 

changes in the year 2002 -2012; (e) show surface water changes in the year 

2012-2022; (f) shows surface water changes in the year 2002-2022. 

 

Between 2002 and 2012, there was an increase in Built-up & Agricultural 

Lands covering 90.4% of the landscape, while Wet Lands lost 5% of its area to 

Built-up & Agricultural Lands. Between 2012 and 2022, there was further 

increase in Built-up & Agricultural Lands covering 91.6% of the landscape, and 

   

(a) (b) (c) 

LEGEND 

 
 

 
 

 

(d)  (e) (f) 

LEGEND 
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Wet Lands lost 5.5% of its area to Built-up & Agricultural Lands. Overall, from 

2002 to 2022, Built-up and Agricultural Lands have covered 28291.84 ha, nearly 

95% of the total land cover. Wet Lands lost more area to Built-up and Agricultural 

Lands, totaling 715.18 ha, while Built-up and Agricultural Lands lost only 174.38 

ha to Wet Lands. Wet Lands to Wet Lands coverage remained relatively stable at 

685.10 ha or 2.3% of the land cover. 

 

4. Discussion 

Over the past 20 years in the Kumasi Metropolis, there have been changes 

in land use and cover. Most of the land has become built-up areas (79.4%), while 

agricultural land has decreased (13.3%) and wetlands have also decreased (7.3%).  

  Various water index methods were used to analyze water cover, and all 

showed a decrease in water cover and an increase in non-water cover over the 20-

year period. Built-up and agricultural lands now cover almost all of the land 

(95%). Some wetlands have been lost to built-up and agricultural areas, while 

others remain unchanged. These changes are similar to what has been observed 

in other studies (Abass et a., 2018; Asori et al., 2023; Koranteng et al., 2023). In 

their study, Dunbar et al., (2020),   observed water bodies’ decrease by 0.61% 

and 0.134%, slight decrease from 20% to 16% in farmlands and a stable level of 

water share.  

The study findings are consistent with other research that has been 

conducted in the Kumasi Metropolis and other regions as well. For instance, 

Abass et al.,(2018) found that there were significant land use and land cover 

changes in the Kumasi Metropolis over a 30-year period, with negative effects on 

food crop production. Similarly, Frimpong et al., (2023) observed an increase in 

residential land use in Kumasi and decreasing trends in forestlands and 

agricultural while Darkoet al., (2022) discovered an overall increase in built-up 

areas in the region. 

 Regarding water cover, Worden & de Beurs (2020) used similar methods 

to analyse water cover and found that they resulted in the most accurate open 

surface water maps. [33] Found a decrease in water surface and an increase in 

degraded areas when applying water indices. 

The findings of this study have significant implications for land use and 

water management in the Kumasi Metropolis and other regions facing similar 

challenges. The substantial increase in built-up areas and loss of agricultural and 

wetland areas over the 20-year period could have negative impacts on food 

production, biodiversity, and ecosystem services. Therefore, policymakers, urban 

planners, and land managers should take into account the potential impacts of 

land use changes on the environment and develop appropriate strategies to 

mitigate them. 
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The progressive loss of water cover observed in this study highlights the 

importance of water management and conservation efforts in the region. The use 

of water indices can aid in identifying changes in water cover, which can inform 

the development of appropriate water management and conservation strategies. 

In summary, the findings of this study emphasize the need for sustainable 

land use and water management practices to address the negative impacts of land 

use changes on the environment and ensure the provision of critical ecosystem 

services. Policymakers and land managers must take a proactive approach to 

manage land and water resources to ensure their long-term sustainability and 

resilience in the face of future challenges. 

5. Conclusions 

In conclusion, this study highlights significant land use and land cover 

changes in the Kumasi Metropolis over a 20-year period, with built-up areas 

experiencing substantial growth and agricultural and wetland areas experiencing 

losses. These changes could have negative impacts on food production, 

biodiversity, and ecosystem services. Moreover, the study found a progressive 

loss of water cover in the region, highlighting the importance of water 

management and conservation efforts. 

The findings of this study underscore the need for sustainable land use 

and water management practices to address the negative impacts of land use 

changes on the environment and ensure the provision of critical ecosystem 

services. Policymakers, urban planners, and land managers should take a 

proactive approach to manage land and water resources to ensure their long-term 

sustainability and resilience in the face of future challenges. The use of water 

indices can aid in identifying changes in water cover, which can inform the 

development of appropriate water management and conservation strategies.  
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