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Abstract: Wetlands are not wastelands as believed in time past but areas of land that play important roles in climate change 

mitigation through conservation and preservation; poverty alleviation through job creation; as well as food security through 

sustainable wetland agriculture. The importance of wetlands cannot be overemphasized, hence the need to use them wisely and 

sustainably. However, despite the important roles played by wetlands, wetland resources are still endangered by increase in 

population, rapid urbanization, mining and pollution among others. This study is aimed at examining the spatial changes in 

wetland configuration in Akure with a view to providing information that will enhance sustainable development of wetlands in 

the city. Remote Sensing and Geographic Information System (RS & GIS) techniques was used to do a land use classification 

of the study area to determine the extent of the change in the spatial configuration of wetlands over a period of 33 years using 

1986 as the base year; 1999, 2009 and 2019 as the cardinal years. The study revealed a rapid increase in built up throughout the 

study period, a decline in vegetation and rock outcrop and both increase and decline of wetlands at varying times. During the 

2009-2019 periods, wetlands increased substantially to 106.16 km2 which is a significant portion of the study area but with 

clear indications of possible encroachment and degradation in the future if developments are not controlled. The study 

therefore recommends proper monitoring and control of developments in the study area and suggests the use of wetland zones 

as green belts in form of wetlands vegetation or agriculture. 
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1. Introduction 

Wetlands are marshy areas made of soil and water. They 

are places where water meets land; found from the coast to 

the mountains [22], covering about 7% of the earth’s surface 

[1]. They are not wastelands as believed in time past; but 

wealth lands that play a significant role in poverty alleviation 

[6]. Wetland ecosystems, including rivers, lakes, floodplains 

and marshes provide many services that contribute to human 

wellbeing and poverty alleviation [5]. WWT Consulting 

opines that wetlands are essential for human health and 

prosperity providing us with fresh water, ensuring our food 

supply, sustaining biodiversity, protecting against flooding, 

and storing carbon dioxide [22]. Mohammed sees wetlands 

as the life wires to many economic activities such as crop 

cultivation, fishing, livestock rearing etc [6]. 

The importance of wetlands cannot be overemphasized 

especially in the wake of climate change; Gannaway posited 

that wetlands are vital parts of a watershed whose loss and 

degradation will not only affect the existence and health of an 

individual wetland and cause local suffering, but also affects 

the ecosystem as a whole and can contribute to regional and 

even global environmental problems [3]. Xu, et. al 

maintained that wetlands play an irreplaceable role in 

regulating the global climate, maintaining the global 

hydrological cycle, protecting the ecosystem diversity, and 

safeguarding human welfare and bringing direct economic 

values to human beings [23]. Loss of wetlands will therefore 

contribute to regional and even global environmental 

problems. Strengthening of efforts to protect and safeguard 

the world’s cultural and natural heritage is one of the targets 
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of the Sustainable Development Goal (SDG) 11 which 

focuses on cities with the goal that by 2030 cities and human 

settlements are inclusive, safe, resilient and sustainable [19]. 

Wetlands which are natural heritage therefore need to be 

protected, safeguarded and utilized sustainably. 

Wetlands can be found in strips and in large quantities all 

over the earth surface covering about 28000 km2 which is 

about 3% of the 923,768 km2 land surface area of Nigeria [2; 

18]. This submission is in line with that of Orimoogunje and 

Tijani, et. al. on how richly endowed Nigeria is, both with 

coastal and inland wetlands [12; 17]. They however went 

further to say that these wetlands resources are currently 

being threatened by anthropogenic and bio-geophysical 

factors such as increased population pressure, rapid 

urbanization, mining and pollution among others. Numbere 

maintained that globally, more than half of the swhart of 

mangroves and swamps have been lost [9]. 

In Akure, Wetlands are scattered across the town along 

rivers Ala and Elegbin, the two major rivers passing through 

the city. Being an administrative city and the seat for many 

governmental organizations and industries in Ondo state, it is 

fast becoming urbanized and has experienced rapid increase 

in its population from 71,106 in 1963 to 360, 268 in 2006 as 

recorded in the 1963 and 2006 Population Census Reports of 

the National Population Commission (NPC) respectively. 

This increasing population puts tremendous pressure on land 

availability as well as food and other social amenities in the 

city with priority given to developers for buildings rather 

than for conservation or for agriculture thereby leading to 

encroachment of the wetlands and consequently degradation. 

Olajuyigbe, et. al observed that quite a substantial 

proportion of wetlands in Akure have been committed into 

various uses including dumpsites and housing construction 

with little or no plans for conservation [10]. This 

encroachment of wetlands could bring about environmental 

problems such as climate change, flooding, spread of 

diseases through insects breeding and various forms of 

environmental pollution within the city. This study examines 

the spatial changes in the configuration of wetlands in Akure 

South Local Government Area of Ondo State using Remote 

Sensing and Geographic Information System (RS & GIS) 

techniques to do a land use classification of the study area to 

determine the extent of the change in the spatial 

configuration of wetlands over a period of 33 years using 

1986 as the base year; 1999, 2009 and 2019 as the cardinal 

years, with a view to providing information that will enhance 

sustainable development of wetlands in Akure. 

Literature Review 

Wetlands as defined by the United States Environmental 

Protection Agency (USEPA) are areas where water covers 

the soil, or is present either at or near the surface of the soil 

all year or for varying periods of time during the year, 

including during the growing season [20]. Wetlands can be 

coastal wetlands or inland wetlands; they include rivers, 

lakes, floodplains and marshes and provide many services 

that contribute to human wellbeing and poverty alleviation 

[5]. Wetlands are found in and around cities making cities 

liveable by their ability to absorb flood waters from storms, 

rivers, ponds, lakes, marshes and heavy rainfall as well as the 

presence of Mangroves, salt marshes and coral reefs which 

form buffers that protect coastal cities during storms surges 

[16]. A study by Narayan, et. al. revealed that flood damages 

from Hurricane Sandy worth more than $625 million was 

avoided because of the coastal wetlands along the east coast 

of the United States (US) [8; 14]. 

The ability of wetlands to hold water and nutrients makes 

it function as a water filter that absorbs harmful toxins, 

pesticides and industrial waste from water thereby filtering 

the water that goes into ground water aquifers, replenishing it 

and improving water quality [16]. The presence of abundant 

water and rich plants makes wetlands produce moist air 

which naturally provides a cool atmosphere and helps to 

bring relief to tropical and extremely arid regions hence 

improving urban air quality. 

Ramsar opined that urban wetlands are natural green 

spaces where city residents can relax and enjoy access to 

nature which has the ability to improve their physical and 

emotional health so wetlands can be said to promote human 

well-being [16]. Wetlands also attracts tourists to swim or 

bird watch and serves as a source of income for wetland 

farmers, provides wood for building, reeds for weaving, 

plants and fruits for medicinal purposes [16]. 

Ramsar states that the many benefits and services provided 

by wetlands are essential if the Sustainable Development 

Goals (SDGs) would be achieved and suggests the wise and 

sustainable use of wetlands as critical tools for countries to 

achieve their SDG targets [14]. Wetlands International 

reported that all major global policy agreements conclude 

that wetlands are vital ecosystems in the landscape and are 

indispensable to achieve a sustainable and secure world [21]. 

The Ramsar’s 4th Strategic Plan (2016-2021) presents a 

vision that wetlands are conserved, wisely used, restored and 

their benefits are recognized and valued by all [15]. 

Incorporation of wetlands in urban planning, 

minimising encroachment on wetlands and rehabilitating 

wetlands in cities and their surrounding landscapes 

reduces water risks and safeguards valuable wetland 

services [21]. Ramsar recognizes that wetlands in all parts 

of the world play an important role in disaster risk 

reduction if the wetlands are effectively managed and 

restored where necessary [15]. Several studies have been 

done on land use land cover change in Akure but only a 

few streamlined to the importance of conservation and 

preservation of wetlands in Akure South Local 

Government Area of Ondo State to ensure sustainability, 

this study therefore seeks to fill in this gap. 

2. Method 

Being a trend analysis study, Geographic Information 

System and Remote Sensing (GIS & RS) techniques was 

used to do a land use classification of the study area to 

determine the extent of the change in the spatial 

configuration of wetlands over a period of 33 years using 
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1986 as the base year; 1999, 2009 and 2019 as the cardinal 

years. The rate of change in wetlands was determined using 

ArcGIS 10.5. The satellite imagery of the study area which is 

Akure South local government area of Ondo state was 

obtained and delineated using Google Earth Imagery, it was 

thereafter digitized into a polygon feature class using ArcGIS 

10.5. Landsat satellite images of the study area were acquired 

for four (4) years: Thematic Mapper (™) of 1986 and 1999; 

Enhanced Thematic Mapper (ETM) of 2009 and 2019. The 

images were made to pass through processes of image 

enhancement, geo-referencing, re-sampling, image 

classification and digitization and then overlaid on the 

spatially disaggregated land cover dataset and on the 

historical Landsat datasets for the four (4) years with 1986 as 

the base year and 1999, 2009 and 2019 as the reference years. 

A supervised classification was performed on false colour 

composites (band 4, 5 and 7) into the four (4) land use/land 

cover classes which are: built-up area, vegetation, wetland 

and rock outcrop. 

3. Result 

The study revealed as shown in table 1, figures 1a, b, c, d 

and 2 that spatial configuration of wetlands in the study area 

varies for the different years examined. In 1986, which is the 

base year, wetlands in the study area had a land area of 98.90 

km2 representing 30.13% of the total land area, in 1999, 

wetlands configuration increased to 120.32 km2 (36.65%) and 

decreased to 90.33 km2 in 2009 (27.52%); in 2019, there was 

an increase to 106.16 km2 representing 32.34%. Built up had a 

steady increase from 14.06 km2 (4.28%) in 1986 to 27.01 km2 

(8.23%) 36.78 km2 (11.20%) and 63.28 km2 (19.28%) in 1999, 

2009 and 2019 respectively. Rock outcrop initially had an 

increase from 18.91 km2 (5.76%) in 1986 to 27.61 km2 in 1999 

and then experienced decrease to 15.09 km2 and 11.43 km2 

(3.48%) in 2009 and 2019 respectively. There was reduction in 

the vegetation from 196.40 km2 (59.83%) in 1986 to 153.33 

km2 in 2009, a decrease to 186.07 km2 and 147.40 km2 

(44.90%) in 2009 and 2019 respectively. 

Table 1. Statistical Result of Landuse/Landcover classification from 1986 to 2019. 

Landuse/Landcover 

Type 

1986 1999 2009 2019 

Area (Km2) Percentage (%) Area (Km2) 
Percentage 

(%) 
Area (Km2) Percentage (%) Area (km2) Percentage (%) 

Built Up 14.06 4.28 27.01 8.23 36.78 11.20 63.28 19.28 

Vegetation 196.40 59.83 153.33 46.71 186.07 56.69 147.40 44.90 

Wetland 98.90 30.13 120.32 36.65 90.33 27.52 106.16 32.34 

Rock outcrop 18.91 5.76 27.61 8.41 15.09 4.59 11.43 3.48 

 328.27 100.00 328.27 100.00 328.27 100.00 328.27 100.00 

Author’s field work, 2021. 

 

Author’s fieldwork, 2021. 

Figure 1. Land use land cover maps for 1986, 1999, 2009 and 2019. 
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Author’s field work, 2021. 

Figure 2. Statistical Result of Landuse/Landcover classification from 1986 to 2019. 

4. Discussion 

It is evident from the maps and statistical results that Built 

Up is the only one out of the four dominant land use and land 

cover types examined in the study that experienced increase 

all through the study years. Vegetation, Wetlands and Rock 

outcrop had both increases and decreases in their spatial 

configuration. Table 2 shows the details of the changes that 

occurred within the study years which was grouped into 3 

periods; these are 1986-1999, 1999-2009 and 2009-2019 

periods. 

Table 2. Changes in area statistics of Landuse/landcover classifications from 1986 to 2019. 

Landuse/Land 

cover Type 

1986-1999 Period 1999-2009 Period 2009-2019 Period 

1986 1999 Change 2009 Change 2019 Change 

Area (Km2) Area (Km2) (Km2) (%) Area (Km2) (Km2) (%) Area (Km2) (Km2) (%) 

Built Up 14.06 27.01 12.95 92.11 36.78 9.77 36.17 63.28 26.5 72.05 

Vegetation 196.40 153.33 -43.07 21.93 186.07 32.74 21.35 147.40 -38.67 -20.78 

Wetland 98.90 120.32 21.42 21.66 90.33 -29.99 -29.99 106.16 15.83 17.52 

Rock outcrop 18.91 27.61 8.7 46.01 15.09 -12.52 -45.35 11.43 -3.66 -24.25 

Author’s field work, 2021. 

During the 1986-1999 period, built up, wetlands and rock 

outcrop had increase of 12.95 Km2, 21.42 Km2 and 8.7 Km2 

respectively while vegetation had a decline of 43.07 Km2. In 

the 1999-2009 period, built up and vegetation gained 9.77 

Km2 and 32.74 Km2 respectively while wetlands and rock 

outcrop experienced decline of 29.99 Km2 and 12.52 Km2 

respectively. During the 2009-2019 period, built up increased 

again by 26.5 Km2, wetlands gained 17.52 Km2 while 

vegetation and rock outcrop reduced by 38.67 Km2 and 3.66 

Km2 respectively. 

Increase in wetlands and rock outcrop during the 1986-

1999 may be as a result of land gain from expansion of the 

city, while the increase in wetlands during the 2009-2019 

period can be attributed to the loss of vegetation and rock 

outcrop during that period especially with blasting of rocks 

which can open up more water channels, lead to increase in 

its volume and more spread to other parts. Loss of wetlands 

in the 1999-2009 period, rock outcrop in the 1999-2009 and 

2009-2019 periods and that of vegetation in the 1986-1999 

and 2009-2019 periods can be attributed to increase in built 

up during the study periods. 

Figures 3a, b, c and d shows as revealed from the study 

evidence of developments along river banks, figure 3c 

shows some refuse dumped on the set back to the river. 

This shows that wetlands in the study area are being 

encroached upon. 

The implication of this is that when there is heavy rainfall, 

the water levels will rise and flow to the river banks where 

these developments are sited leading to problems such as 

flooding which could bring with it loss of lives and properties 

depending on its intensity, structural damages and loss of 

habitat for wetland animals among others; environmental 

degradation, air and water pollution. Development along the 

river banks also implies loss of green areas in the form of 

vegetation which plays important roles in climate change 

mitigation, urban storm water runoff and ecosystem services 

as a whole among others; cultivation of crops which can help 

provide food and income for the increasing population in the 

study area. There is therefore a need to monitor 

developments along the river banks in the area. 
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Author’s field work, 2021. 

Figure 3. a, b, c, d: Pictures showing development along river banks in the study area. 

5. Conclusion 

The study revealed a rapid increase in built up areas in 

Akure South Local Government Area of Ondo State from 

14.06 in 1986 to 63.28 in 2019 and gives a clear indication 

that the activities of man on the environment has brought 

about in the area which has led to changes in the spatial 

configuration of landuse/landcover types. This expansion if 

not properly monitored and controlled will lead to more 

changes through encroachment of other land uses especially 

wetlands which becomes degraded thereby affecting the 

quality of the environment. This assertion is supported by [11] 

who stated that the disappearance of arable lands, bare lands, 

water bodies and forest reserves have impacts on 

environmental and landscape attributes such as the quality of 

air, land and water resources, poverty, access to food and 

ecosystems processes and functions. [10] also affirmed that 

wetland degradation in Akure is as a result of Urban sprawl, 

expansion of roads, growth of informal settlements and non-

compliance with planning regulations. 

6. Recommendation 

The study recommends that policies which will guide 

development of wetlands in the study area should be formed 

while the Ministry of Urban and Regional Planning should 

monitor and control developments enforcing strict 

compliance to the policies. Enlightenment programs that 

border on topics like the dangers of wetlands encroachment 

and degradation and benefits of wetlands should be organized 

for the residents. The study also recommends that wetland 

areas be turned to green belts where there can be wetlands 

vegetation or wetlands agriculture to improve the quality of 

the environment and livelihoods of the people. 
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