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Abstract  

Un-coordinated urban development, poses many challenges one of which is the 

encroachment of development into wetland ecosystem. The study examined urban growth 

dynamics and wetland loss in Yenegoa, Bayelsa state. The research approach was 

quantitative employing the longitudinal survey design. Both primary and secondary source 

of data were used.  Time series Landsat Imageries of Bayelsa state were downloaded from 

the website repository of the United Geological Survey for the years 1996, 2004, 2012 and 

2021. The Images were clipped in the ArcGIS environment using the clipping tool under the 

Data management tools in ArcGIS toolbox. Findings showed that there is wetland loss in all 

the years investigated attributed to urban growth. A total of 2179, hectares of wetland was 

lost between 1996 and 2004, from a wetland coverage of 31556 hectares in 1996 to 29377 

hectares in 2004 with percentage decrease of -6.91.  There was however 27% gain in built-

up areas to the tune of 4037 hectares from an area of 15194 hectares in 1996 to 19231 

hectares in 2004 with a percentage increase of 26.56. The situation in 2012 was however 

not different as there was further wetland loss of 4423 hectares from a wetland coverage 

of 29377 hectares in 2004 to 24954 hectares in 2012 while built-up gained a land area of 

4019 hectares. (32%) within the same period with a percentage increase of 20.90. The 2021 

analysis revealed further depletion of wetland in the area with a wetland loss of 2085 

hectares from an area of 24954 hectares in 2012, to 22869 hectares in 2021 with a 

percentage decrease of -8.36, while built-up gained 2814 hectares increasing from 23250 

hectares in 2012 to 26064 hectares (32%) in 2021(36%) with a percentage increase of 12.10. 

Strict implementation of extant laws on wetland conservation is a desideratum for ensuring 

the protection of wetland resources in Yenegoa Planning Area. 
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Introduction 

Urban growth challenges are many and 

are the hallmark of global urbanization, 

especially in developing countries (World 

Cities Report, 2020; World Bank, 2021). 

These challenges are even more 

worrisome as it is projected that about 

68% of the world population would live in 

urban areas by 2050 (United Nations, 

2018). Whereas the benefits of urban 

growth are well documented (Weje and 

Ameme, 2018; Montegano et al., 2019; 

Alvis, 2019), un-coordinated urban 

growth, poses many challenges one of 

which is   encroachment of development 

into wetland ecosystem.  

Wetland according to Ramsar 

Convention (2016) refers to areas of 

marsh, fen, past land or water, whether 

natural or artificial, permanent or 

temporary, with water whether static or 

flowing fresh, brackish or salt, including 

areas of marine water, the depth of which 

at low tide does not exceed six waters. 

Wetlands play essential functions that 

sustains the human environment- water 

purification, ground water replenishment, 

flood control among others and thus 

requires effective and efficient 

management. It is for this that Goal 11 of 

the Sustainable Development Goals 

(SDG) emphases on attaining sustainable 

cities and communities in the face of 

rising population and increasing migration 

(United Nations Development 

Programme, 2022).  

Wali (2015) argued that urban 

expansion into wetland ecosystem for 

agriculture, human settlement and 

industrial development is one of the 

biggest threats to wetland conservation 

and management. The World Bank global 

strategies has recognized the need to focus 

on managing urban expansion and land 

use (World Bank, 2021). Empirical 

studies carried out to show the importance 

of urban growth are also well documented 

(Weje and Ameme, 2018; Weje and Dapa, 

2018; Eludoyin et al., 2017; Ekpeyong, 

2020; Nnam, 2020; Iwoha et al., 2020; 

Agbora and Weje, 2019) 

Much of the loss in wetland resources 

is attributed to the rapid urban growth 

which accentuates the demand for land 

space. With the United Nations projection 

that by 2050, 68% of the world’s 

population will be living in urban areas, a 

breakdown of this data show that about 

another 2.5 billion people of the world’s 

population could be added to urban areas 

with close to 90% of this increase taking 

place in Asia and Africa (United Nations, 

2018).  

Bayelsa state was carved out of Rivers 

state in 1996 with Yenegoa town as its 

capital. Since the creation of Bayelsa state, 

Yenegoa has and is still experiencing high 

influx of migrants from rural and other 

urban areas as a result of the economic 

growth and development linked to state 

creation resulting to urban expansion, with 

attendant increase in the demand for land 

space for housing and infrastructural 

development. 

Physical observation shows that there 

is encroachment of development into 

wetland areas within   Yenegoa planning 

area. The nature, extent and level of 

wetland encroachment is subject of 

exaggeration and requires studious 

inquiry. This study examined urban 

growth dynamics with a view to determine 

if there is any relationship between urban 

growth and wetland loss in in the study 

area. 

Study Area 
Yenegoa is the Bayelsa State Capital 

and situates within coordinate are 04° 56′ 
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00″ N, 6° 15′ 00″E   and 5° 15′ 00″ N, 6° 

30′ 00″E. The Yenegoa planning area 

covers a radius of 15,000 meters (15.0km) 

and all towns and villages within the 

defined radius are in the designated capital 

city (Yenagoa Master plan, 2004). The 

Yenegoa planning area is comprised of 52 

settlements (see Figures 1&2) and cuts 

across four Local Government Areas 

(LGAs) to include: Yenagoa City 

(YELGA), Kolokuma/Opokuma 

(KOLGA), Southern Ijaw (SILGA) and 

OGBIA (Ogbalga) (Yenagoa Master plan, 

2004). 

The area falls within tropical rain forest 

of Koppen’s (1918) climate classification. 

The relief of the study area is a low-lying 

wetland environment, and slopes gently in 

a North-South direction to the sea 

(Oyegun, 1999). In same manner, a 

coastal plain topography is observable 

from Joinkrama across Yenagoa toward 

areas in Delta State trending in a 

Northwest-Southeast direction while the 

drainage of Yenagoa is characterized by 

creeks and swamps crisscrossing each 

other as they flow to Epie Creek and 

finally to the Atlantic Ocean (Obafemi and 

Omiunu, 2014). The presence of creeks 

and rivers poses enormous challenges on 

the land resources needed for urban 

development and may account for wetland 

reclamation to meet the demand for land 

The Total Plan Area (TPA) (15km 

radius and 10km radius of Yenagoa) 

comprised of about 55 settlements with a 

combined 1963 census population of 

about 73,346 persons (National Bureau of 

Statistics, 2019).  The 1991 census 

population record of this area is 151,298 

persons (NBS, 2019). Population 

estimates for this area for 1997 stand at 

169,320 using exponential growth model 

assuming an average annual growth rate of 

2.5 percent between 1963 and 1997 

(Yenagoa Structure, 1997). 

Rapid population growth rate 

precipitates siyuation where severe 

pressure is put on land with attendant 

implication of wetland resources in the 

area.
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Fig. 1:   Bayelsa State showing 15km2 Radius of Yenagoa City Urban Area 
Source: Adapted from Administrative map of Bayelsa State, Office of the Surveyor General, 2015 

and Yenagoa Master Plan, 2004 
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Fig. 2: Yenagoa City Master Plan 

Source:  Adapted from Yenagoa City Master Plan, 2007. 

 

Previous Studies 
Wetland are areas submerge in water or 

areas where water is close to the soil 

surface at seasonal periods or all year 

(Obiefuna et al., 2013) could experience 

periodic changes in terms of spatial extent 

which could affect the species diversity of 

the fauna and flora that are sustained by 

the wetland ecosystem. Davidson (2014) 

warned that the global extent of wetland 

ecosystem has decreased to between 64 – 

71% in the 20th century and this could 

account for threats to wetland 

biodiversity. 

In Nigeria, the problem of urban 

growth is further aggravated by the near 

absence of coordinated efforts relating to 

protection of both surface and 

underground water resources. Odine et al. 

(2011) opined that improper 

understanding of the economic values of 

wetlands is one of the leading factors that 

make people attribute wetland as 

wastelands, resulting in massive 

destruction of this highly useful resource. 

Key to wetland destruction is the poor 

control of development in urban areas 

which has created major problems for 

existing tropical wetlands. Obiefuna et al. 

(2013) reported that more than 50% of the 

world’s population currently resides in 

cities and urban settlements. UN Habitat 

(2010) noted that high urbanization rates 

were expected in developing and least 

developed countries while Zhang et al  

(2008) also reported that 95% of the net 
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increase in global population would be in 

cities of the developing world. Activities 

leading to industrialization and urban 

development are land clearing and land 

reclamation which often result to loss of 

wetlands. 

However, wetland change is embedded 

in landuse change overtime and requires 

in-depth analysis in terms of the spatial 

coverage at a given time with the use of 

geo-information technologies. The use of 

geo-spatial information establishes a 

dialogue linking local knowledge and 

science; and national development 

strategies because of the provision of 

automated image processing tasks 

(O’Hara 2001) with the use of high 

spectral resolution data that can provide an 

increased ability to differentiate land 

cover classes. Dahl (2006) viewed that 

remotely sensed imagery provides the 

primary data source for wetland change 

detection and the imagery is used in 

conjunction with reliable collateral data 

such as topographic maps, coastal 

navigation charts, soils information, and 

historic imagery or studies. Thus, the 

identification and delineation of wetland 

habitat through image analysis forms the 

foundation for deriving all subsequent 

wetland status and trend of change. 

Remote sensing techniques have been 

used successfully in the United States and 

Canada to detect and monitor wetlands by 

some studies which include Aldrich 

(1979), Patience and Klemas (1993), 

National Research Council (1995), Tiner 

(1996), Dectika et al. (2002), Watmough 

et al. (2002) and Li and Chen (2005). The 

capability of geoinformation has also been 

demonstrated in some wetland studies in 

Nigeria. 

Amadi et al. (2021) used GIS and 

Remote sensing data to determine the 

relationship between urban growth and 

wetland loss in Port Harcourt Metropolis, 

Rivers State. The findings from the study 

revealed that in 1990 wetland occupied a 

spatial extent of 123.23 km2 (26.89%) of 

the land use of the study area. 

Consequently, in the year 2020, there was 

dramatic change as wetland size reduced 

to 44.61 km2 (9.74%) of the total land-use 

of the study area. Conversely, built up area 

(Urban sprawl) increased dramatically in 

1990 from 85.14 km2 (18.58%) to 213.09 

km2 (46.50%) in 2020. The present study 

sought to examine the trend of and urban 

growth and wetland loss in Yenegoa 

planning area from 1996-2021 using GIS 

and remote sensing technique. 

 

Methods and Materials 

This study leans on positivist research 

paradigm. The research approach is 

quantitative employing the longitudinal 

survey design. Both primary and 

secondary sources of data were used. 

Landsat Imageries of Bayelsa state were 

downloaded from the website repository 

of the United Geological Survey for the 

years 1996, 2004, 2012, 2021. The Images 

were clipped in the ArcGIS environment 

using the clipping tool under the Data 

management tools in ArcGIS toolbox. The 

Images were there after stacked together 

to create a False composite of the study 

area using the Band combination button 

under the Image Analysis tools, Band 4, 

Band 3, and Band 2 were stacked into one 

image.  

The false colour Image was there after 

classified by picking respective training 

polygon as training samples for different 

classes of the analysis (wetland, Built-up, 

Vegetation and Waterbody). The Training 

sites were identified as clusters of 

landcover classes in the study area through 
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ground truthing of various sites in the city. 

A signature file was created to assign 

signature for each class and a classifier 

algorithm (maximum likelihood) was 

choose to classify the image. The result of 

this classification was that each pixel 

belonging to different classes were 

properly indicated and detected. 

To examine if there is any statistically 

significant relationship between Urban 

Growth and Wetland Loss in the study 

area, Pearsons Product Moment 

Correlation Statistical technique (PPMC) 

was used and is given as: 

  

Rho= 
∑������������

�
	
�� .  	
��

 ----------------- 1 

The test of significance was achieved 

using the student t-test given as 

t =
�√���

√�� �� ------------------------- 2 

Where; 

 t = Student t-test 

 r = Correlation coefficient 

 n = Sample size 

 

Result and Discussion 

Wetland Loss in Yenegoa Planning 

Area 1996 to 2021 
Table 1 shows the land use and 

landcover characteristics of Yenegoa 

planning area from 1996 to 2021. The 

result indicates that there are spatio-

temporal changes in the wetland 

characteristics of the area in all the epochs 

studied. For example, between 1996 and 

2004, a total of 2179 hectares of wetland 

was lost, from a wetland coverage of 

31556 hectares in 1996 to 29377 hectares 

in 2004 with percentage decrease -6.91.  

Areas covered by vegetation also 

experienced a downward trend losing 

2210 hectares from 24079 hectares in 

1996 to 21869 hectares in 2004 (34%) 

with a Percentage decrease of -9.18. There 

was however increase (gain) of 27% in 

built-up areas to the tune of 4037 hectares 

from 15194 hectares in 1996 to 19231 

hectares in 2004 with a percentage change 

of 26.56. 

The situation in 2012 was however not 

different as there was further loss of 

Wetland of 4423 hectares from a wetland 

coverage of 29377 hectares in 2004 to 

24954 hectares (30%)  in 2012. 

Vegetation decreased from 21869 

hectares in 2004 to 21797 hectares in 

2012, while built-up gained a land area of 

4019 hectares  from 19231hectares in 

2004 to 23250 hectares (32%) in 2012 

with a percentage increase of 20.90 (table 

2). Further analysis showed a more 

frightening result all of which points to the 

continuous decrease in wetland as against 

increasing area devoted for built-up. A 

total of 2085 hectares of wetland was lost 

from 2012 to 2021 as wetland reduced 

from 24954hectares in 2012 to 22869 

hectares in 2021 with a percentage 

decrease of -8.36. Vegetation also lost 406 

hectares. from 21797hectares in 2012 to 

21391 hectares in 2021 (29%) while built-

up gained 2814 hectares increasing from 

23250 hectares.in 2012 to 26064hectares 

(32%) in 2021(36%) with a percentage 

increase of 12.10. 

While there is spatial-temporal 

dimension to wetland loss for all the 

period examined, it is fascinating to note 

that more wetlands were lost between 

2004 and 2012 accounting to   

4423hectares followed by the period 

2012-2021 with a loss of 2085 hectares. 

Incidentally these periods correspond to 

the era that Yenegoa city also witnessed 

increased urban built-up covering an area 
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4,019 hectares and 6,186hectares 

respectively. 

What can be gleaned from the analysis 

made above is the fact that there appears 

to be negative correlation between 

increase in size of built-up and a 

corresponding decrease in wetland loss all 

of which are attributed to undue pressure 

for land space in the face of increasing 

urban growth. For example, in 1996 when 

Bayelsa state was created, Yenegoa had a 

wetland area of 31556 hectares with a 

built-up area of 1594 hectares (table 3). 

Fourteen years later, (2000), the wetland 

area decreased to 30861 hectares as built-

up increased to 17213 hectares. In 2021 

following the changes in the socio-

economic and political life of the city, 

there was further decrease in wetland of 

22869 hectares even though built-up 

increased to 26064 hectares in the same 

period (figure 3). 

Findings from this study corroborates 

those of Weje and Dapa, (2018) and 

Kwesaba et al. (2014) that concluded that 

urbanisation as been accompanied by 

structural and demographic changes of the 

area concerned resulting to high pressure 

in the demand for land space. More so, 

land as a fixed resource has an elastic limit 

which cannot be exceeded without 

environmental repercussions.  

 

Table 1: Land-use coverage of Yenegoa: 1994-2021 
Landuse/cover Area coverage in hectares Percentage Coverage 

 1996 2004 2012 2021 1996 2004 2012 2021 

Wetland 31556 29377 24954 22869          44          40       35 32 
Vegetation 24079 21869 21797       21391          34          30      30         29           

Water bodies 894 1247 1723 1400             0.7 1.7      2.4         1.9 
Built-up 15194          19231 23250 26064            21        27      32           36 

Total 71724 71724 71724 71724          
 

Table 2: Percentage Change in area coverage 1996-2021 
Landuse/Cover Change in land-use in Hectares Percentage Change 

 1996-2004 2004-2012 2012-2021 1996-2004 2004-2012 2012-2021 

Wetland 2,179 4423 2085 -6.91 -15.06 -8.36 
Vegetation 2,210 72 406 -9.18      -0.33 -1.86 
Water bodies 353 476 323 39.49 38.17           -18.75 
Built-up               4,037 4,019 6,186 26.56         20.90 12.10 

 

Table 3:  Proportion of Wetland loss and built-up areas (Hectares) 1996 – 2021  
Year Wetland (hectares) Built-up (hectares) 

1996 31556 1594 

2000 30861 17213 

2004 29377 19231 

2008 27166 21241 

2012 24954 23250 

2016 23912 24657 

2021 22869 26064 
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Fig. 3: Wetland and built-up trend of Yenegoa planning Area (1996 – 2021) 

 

To ascertain if there is any statistically 

significant relationship between urban 

growth and wetland loss in the study area, 

a Pearson Product Moment Correlational 

analysis was carried out. The null 

hypothesis stated is of this form: 

H0: there is no statistically significant 

relationship between urban growth and 

wetland loss in Yenegoa planning area 

H1: there is  

A correlation coefficient (r) of -0.82 

was obtained indicative of a strong but 

negative correlation between urban 

growth trend and wetland loss at 0.05 

significant level (table 4). The t critical 

value of 0.24 is less than 0.05 alpha level 

hence the H0 was rejected while accepting 

the H1. Thus, the conclusion is that there 

is statistically significant relationship 

between urban growth and wetland loss in 

Yenegoa planning area such that as urban 

growth trend increases, there is a 

corresponding decrease (loss) of wetland 

resource in Yenagoa planning area.  

 

Table 4: Summary table for correlation 

Correlations 

 Wetland 

(hectares) 

Built-up 

(hectares) 

Wetland 

(hectares) 

Pearson Correlation 1 -.819* 

Sig. (2-tailed)  .024 

N 7 7 

Built-up 

(hectares) 

Pearson Correlation -.819* 1 

Sig. (2-tailed) .024  

N 7 7 
*. Correlation is significant at the 0.05 level (2-tailed). 

 

 

Wetland BuiltUp
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Conclusion and Recommendation 

One of the characteristic features of 

cities in most developing nations is rapid 

growth of its urban areas both 

demographically and in spatial extent. The 

situation is accentuated by the very weak 

planning regime needed to ensure 

balanced growth among areal units. The 

creation of Bayelsa state in 1996 with 

Yenegoa as its capital is a factor in the 

rapid growth of Yenegoa area. The state 

creation led to the provision of amenities 

which in turn accentuates rural-urban 

migration into Yenegoa. The influx of 

people and firm into the city puts more 

pressure on the land resources creating a 

disequilibrium between demand and 

supply for land. One of the ways to meet 

the increasing institutional and private 

demand for land in Yenegoa area have 

been through wetland reclamation. 

The result of our study showed that 

there is spatio-temporal variation in 

wetland loss in all the periods investigated 

(1996-2021). There was also a strong but 

negative relationship between urban 

growth and wetland loss in Yenegoa 

planning area such that, as urban growth 

trend increases, there is a corresponding 

decrease (loss) of wetland resources in the 

area. With a wetland of area of 31556 

hectares in 1996, finding revealed that in 

2021 the wetland area reduced to 22869 

hectares. Results also showed that more 

wetland was lost between 2004 and 2012 

accounting to wetland loss of 4423 

hectares. Since wetlands play essential 

roles in the sustenance of the ecosystem, 

there is need to reduce the pace of wetland 

reclamation in the area. Strict 

implementation of extant laws on wetland 

conservation is desideratum for ensuring 

the protecting of wetlands resources in 

Yenegoa city.  
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