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ABSTRACT 
 
Urban wetlands make cities livable in many important ways. They reduce flooding, replenish 
drinking water, filter waste, provide urban green spaces, and are a source of livelihoods in most 
urban areas. This study aims to geo-spatially analyze urban wetland loss in Obio/Akpor Local 
Government Area (LGA), Rivers State, Nigeria. The study analyses land use /land cover changes 
(LULC) using Landsat7 UTM images of 2000, 2009 and 2018. The satellite images covering the 
area were acquired and analyzed using ArcGIS10.6. A total area of 25,773.39 sq km was 
delineated in the study area. After processing the imagery, five LULC classes where developed in 
ArcGIS environment, such as wetland, built-up area, vegetation, water bodies and bare surface. 
The study shows that the urban land-use of Obio-Akpor LGA had changed dramatically during the 
period of 18 years. In 2000, wetlands occupied the second-lowest classes with 9.12% (2352.15 
sq.km) of the total classes due to high level of urban development in the area while built-up areas 
occupied the third-highest classes with 17.62% (4543.83 sq.km) of the total classes. In 2009, the 
study revealed that the built-up area (urban land use) rose to 19.3% (4975.11 sq.km) and 
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maintained an increase in urban growth due to changes from constructions of many roads and 
houses while wetlands also surprisingly experienced an increase and occupied the third-highest 
classes with 19.17% (4942.26 sq.km). Evidence from the study show that 2018 witnessed an 
expansion in terms of developmental activities in all facets as the built-up area increased in three-
fold size within the year, bare surface reduced to a class of 15.47% (4057.29 sq.km) forcing 
developers to develop towards the wetland ecosystem. The wetlands, therefore, experienced a 
sharp decline to 4.91% (1266.75 sq.km) due to rapid conversion of wetlands for housing 
development and excessive urban sprawl and its associated problems of inefficient use of land, 
urban space and the development of shanty towns/slums. The study concluded that there is a need 
for the wise use of wetland resources and improvement of institutional arrangement so that wetland 
policies can be fully integrated into the planning process across all disciplines.  
 

 

Keywords: GIS; land use/land cover; Nigeria; remote sensing; urban wetland. 
 

1. INTRODUCTION 
 
Urban wetlands consist of a wide diversity of 
inland habitats such as marshes, peatlands, 
floodplains, rivers and lakes, and coastal areas 
such as salt marshes, mangroves, intertidal 
mudflats and seagrass beds, and also coral reefs 
and other marine areas no deeper than six 
meters at low tide, as well as human-made 
wetlands such as dams, reservoirs, rice paddies 
and wastewater treatment ponds and lagoons 
[1,2,3,4]. In addition, Ramsar convention on 
wetlands (Article 2.1) also provide that they may 
integrate riparian and coastal zones nearby to 
the wetlands, and islands or bodies of marine 
water deeper than six meters at low tide lying 
within the wetland [1,2,3]. 
 
The world’s wetlands continue to be lost and 
degraded at an alarming rate as a result of 
human activities. Consequently, the essential 
benefits provided by wetlands to people continue 
to be seriously eroded. These benefits, derived 
from wetland ecosystem services, are unique, 
varied and extend across many sectors, but their 
contribution and value are not always fully 
captured in wetland management decision-
making. A better understanding of wetland 
benefits is required in order to make the case for 
halting further loss and degradation and to 
support activities that assist in the recovery of 
their biodiversity and ecosystem functioning. 
Removing the stressors or pressures on the 
ecological character of wetlands is the best 
practice for preventing further loss and 
degradation; when this is not feasible, however, 
or when degradation has already occurred, 
wetland restoration must be considered as a 
potential response option [5]. 
 
Urban wetlands make cities livable in many 
important ways. They reduce flooding, replenish 
drinking water, filter waste, provide urban green 

spaces, and are a source of livelihoods. These 
urban wetland benefits continue to be crucial as 
the number of people living in cities has now 
passed the 4 billion mark and continues to rise. 
By 2050, 66% of humanity will live in cities, as 
people move into urban areas searching for 
better jobs. Unfortunately, most people are 
unaware of the value and importance of urban 
wetlands. In fast-growing cities, wetlands are 
often viewed as wasteland; places to dump 
rubbish, fill in or convert to other uses. Scientists 
estimate that at least 64% of the world’s 
wetlands have disappeared since 1900, while in 
parallel, cities have exploded in growth [6].  

 
A rapidly growing urban population comes with 
enormous challenges for city planners and 
managers. They have to ensure that cities today 
can deliver not only basic services such as 
accommodation, transport and water but that 
these cities are safe, resilient and 
environmentally friendly. During storms, urban 
wetlands absorb excess rainfall, which reduces 
flooding in cities and prevents disasters and their 
subsequent costs. The abundant vegetation 
found in urban wetlands acts as a filter for 
domestic and industrial waste and this 
contributes to improving water quality. Urban 
wetlands supply cities with water and are green 
spaces for recreation which helps to promote 
human wellbeing. Today`s current development 
of human settlements is a major concern for 
wetland conservation and wise use. As cities 
grow and the demand for land increases, there is 
always the tendency to encroach on urban 
wetlands.  They are often viewed as wasteland 
available to dump waste or be converted for 
other purposes. Yet when preserved and 
sustainably used, urban wetlands can provide 
cities with multiple economic, social and cultural 
benefits. They are prize land, not wasteland and 
therefore should be integrated into the 
development and management plans of cities [7]. 
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Scientist /Environmentalist in the last decades 
have detected a trend of diminishing wetlands in 
terms of areal extent and health or quality, 
primarily linked to numerous anthropogenic 
interactions and indirect forces of the changing 
climate [8,9]. Ecological fragmentation is often 
linked to human development in wetlands, 
generating a desire for management to establish 
a reasonable degree of land use that will 
generate a state of sustainability in these areas 
[8,10,11,12]. As the impacts of climate change 
and land-use practices in the environment have 
become more abundantly apparent, remote 
sensing becomes a vital tool for the assessment 
of the status and well-being of wetlands [13], and 
in maintaining accurate records of the state of 
wetlands which is crucial in their preservation 
[14,15,12].   
 

Umeuduiji et al., [16] investigated the perception 
of indigenous people to wetland conservation 
and protection in Rumuagholu community in 
Obio/Akpor. The study made use of both 
experimental and survey research design. The 
study also revealed that wetland within the period 
of the study lost 10.64% of its original state 
moving from 11 km

2
 to 6 km

2
 and that the loss of 

wetland in the community can be categorized as 
a major wetland loss. In a likewise manner, 
Wali et al. [17] studied wetland changes overtime 
in Port-Harcourt metropolis using remote sensing 
techniques from 1984-2013. The study shows 
that total percentage of change and total rate of 
change for the entire trend after conversion are 
thus: Saltwater Wetland 23.44% to -2.17%, 
Freshwater Wetland -26.44% to -11.49%, Fallow 
land -47.13% to -5.41%, Built-up Area 43.33% to 
7.41% and Water bodies 43.36% to 3.06%.The 
study recommended that activities shrinking 
wetlands size should be thoroughly put in check 
by the government and better efforts should be 
concentrated on those activities that encourage 
wetland conservation. 
 

This present study, therefore, aims at mapping 
and identifying wetlands loss for different study 
epochs in Obio/Akpor Local Government Area of 
Rivers State, Nigeria for 18-years period (2000-
2018) using GIS data and Remotely Sensed 
Image interpretation data to ascertain wetland 
loss within the study period. 
  

2. MATERIALS AND METHODS 
 

We adopted the longitudinal and survey research 
design in the conduct of the study; here remote 
sensed data, GIS and satellite imageries of the 

area for 2000, 2009 and 2018 were used and 
classification was done to ascertain the extent of 
wetland loss in Obio/Akpor LGA. The Data for 
this study was presented using an image map, 
tables and graphs. The maps were projected 
using Universal Transverse Mercator (UTM) and 
datum WGS 84 of zone 32. Also, ArcGIS 10.6 
was used in developing, display and processing 
of the location maps and to classify the aerial 
photographs into various land uses. A Global 
Positioning System (GPS) was used to locate the 
various wetlands in the study area and to collect 
coordinates.   

 
3. STUDY AREA 
 
Obio-Akpor is a local government area in the 
metropolis of Port Harcourt, one of the major 
centres of economic activities in Nigeria and one 
of the major cities of the Niger Delta, located 
in Rivers State. Obio-Akpor LGA is constituted 
mainly by the people of Ikwerre ethnic nationality. 
Specifically, there are four (4) prominent Ikwerre 
Kingdoms that constitute the LGA, which are: 
Akpor, Apara, Evo and Rumueme Kingdoms. 
The LGA is rich with land and natural resources, 
such as land, soil, vegetation, water, coal, 
petroleum, gas, animals, wildlife, air, wind and 
atmosphere, clay, sand and gravel [18]. 
 
The area is influenced by urbanization and urban 
sprawl whereby smaller communities have 
merged together and formed a megacity. The 
reason is due to the high influx of people 
resulting in the rapid growth of the population. 
This, in turn, is largely due to the expansion of 
the oil and allied industries, which have also 
attracted many varied manufacturing industries. 
The population of the area, therefore, increases 
on a daily basis. It has an average of 2.82% 
growth rate which puts the population of the LGA 
as at 2006 to be 464,789 people (National 
Bureau of Statistics, 2006). The original 
indigenous occupants of the area are the Ikwerre 
people. The LGA has its headquarters 
at Rumuodomaya.  

 
3.1 Location / Extent 
 
Obio-Akpor LGA is bounded by Port Harcourt 
LGA to the south, Oyigbo and Eleme LGAs to the 
east, Ikwerre and Etche LGAs to the north, 
and Emohua LGA to the west (see Fig. 1). It is 
located between latitudes 4°45'N and 4°60'N and 
longitudes 6°50'E and 8°00'E (see Fig. 2). The 
LGA covers 260 km2 (100 sq mi) [18].   
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Fig. 1. Rivers State showing Obio-Akpor Local Government Area 
 

The study area enjoys a tropical hot monsoon 
climate due to its latitudinal position. The tropical 
monsoon climate is characterized by heavy 
rainfall from April to October ranging from 2000 
to 2500 mm with high temperature all the year-
round and a relatively constant high humidity 
[18]. 
 

4. RESULTS 
 

4.1 Classification and Mapping of Urban 
Wetlands in the Study Area 

 

The study was divided into three epoch years 
(2000, 2009, and 2018) for easy classification 
(See Figs. 3,4 and 5). After processing the 
imageries, five land use/land cover (LULC) 
classes such as wetlands, built-up areas, 
vegetation, water bodies and bare surface were 
developed.  

4.2 Land Use Change Process/ 
Distribution  

 
This section addresses urban land use maps 
delineated from change distribution data of 2000, 
2009, and 2018 study periods. The urban land-
use change of Obio-Akpor LGA had changed 
dramatically during the period of 18 years. The 
data interpretation analysis/discussion is based 
on the comparison between urban land use 
(built-up area) and wetland ecosystem for 
different timelines, in 18 years’ period. The 
spatial patterning of land use/ land                       
cover distribution area of 2000, 2009, and 2018 
as derived from the image maps is presented in 
Table 1 and Figs. 3-5. The total area                      
under   study is 25,773.39 (Sq.km). The analysis 
and discussion on the result are presented 
below: 
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A review of the table shows that in 2000, 
wetlands occupied the second-lowest classes 
with 9.12% (2352.15 sq.km) of the total classes. 
This could be connected to a high level of urban 
development, more pressure on wetlands, 
people not having enough space to occupy and 
therefore encroaching on the wetlands.                
Built-up areas occupied the third-highest classes 
with 17.62% (4543.83 sq.km) of the total  
classes. In 2009, the built-up area (urban land 
use) rose to 19.3% (4975.11 sq.km) and 
maintained an increase in urban growth due to 

change from constructions of many roads and 
houses. Wetlands experienced an increase and 
occupied the third-highest classes with 19.17% 
(4942.26 sq.km). The increase could be 
attributed to the 2006 flooding incident in the 
study area and its environs that over                        
flooded most rivers, creeks, ponds and streams. 
From 2006 to 2009 these over flooded rivers           
had drained into the nearest wetlands as              
water bodies saw a slow decline in 2009 
occupying the lowest classes with 1.59% (411.75 
sq.km).  

 

Table 1. Size and proportion of land cover classes from 2000-2018 
 

Class Name 2000 image 
Area (Sq.km) 

% 2009 Image 
Area (Sq.km) 

% 2018 Image 
Area (Sq.km) 

% 

Wetlands 2352.15 9.12 4942.26 19.17 1266.75 4.91 
Built-up Areas 4543.83 17.62 4975.11 19.3 14543.01 56.42 
Vegetation 10694.61 41.49 9796.5 38.01 5487.21 21.28 
Water Bodies 694.44 2.69 411.75 1.59 419.13 1.62 
Bare Surface 7488.36 29.05 5647.77 21.91 4057.29 15.47 
Total 25773.39 100 25773.39 100 25773.39 100 

Source: Author’s Computation 
 

 
 

Fig. 2. Rivers State showing Obio-Akpor local government area 
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Fig. 3. 2000 Landsat TM Image 
 

 
 

Fig. 4. 2009 Landsat TM Image 
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Fig. 5. 2018 Landsat TM Image 
 
The year 2018 witnessed an expansion in terms 
of developmental activities in all facets. Here, the 
built-up area increased in three-fold size within 
the year. As development rate increased 
drastically, bare surface reduced to a class of 
15.47% (4057.29 sq.km), people, therefore, 
tended to develop towards the wetland 
ecosystem. The table shows that wetlands saw a 
sharp decline to 4.91% (1266.75 sq.km). This is 
to say that there is a reduction in the size of 
wetlands ecosystem due to rapid conversion of 
wetlands for housing development and  
excessive urban sprawl and its associated 
problems of inefficient use of land, urban               
space and the development of shanty 
towns/slums. 
 
Water bodies over the years maintained a 
constant decline in volume from 2000 with a 
volume of 2.69% (694.44 sq.km) to 2009 with a 
lower volume of 1.59% (411.75 sq.km). However, 
2018 saw a slight increase in volume with a class 
of 1.62% (419.13 sq.km) due to the various 
flooding incidents that plagued the area in 
previous years. Similarly, the result presented 

indicates that in 2000, bare surface occupied 
29.05 % (7488.36 sq.km) of the land-use area, 
and decreased to 21.91% (5647.77sq.km) in the 
year 2009, and to 15.47% (4057.29 sq. km) in 
2018. Vegetation also saw a steady decline            
from 41.49% (10694.61sq.km) in 2000, to 
38.01% (9796.5 sq.km) in 2009 and finally to 
21.28% (5487.21 sq.km) in 2018 (See Figs. 6– 
8). 
 

4.3 Result of Accuracy Assessment of 
Land Use/Land Cover Map of the 
Study Area  

 

In order to correctly perform a classification 
accuracy assessment, it is necessary to 
systematically compare two sources of 
information, the first one is pixels or polygon in 
remote sensing-derived classification map and 
the second one is ground reference test 
information. The relation between these two sets 
of data is usually summarized in an error matrix. 
The error matrix compares, on a category-by-
category basis, the relation between known 
reference data and the corresponding result of 



an automated classification [19]. Jensen [20] has 
proposed that two ways to evaluate and validate 
the error matrix are descriptive statistical and 
multivariate analytical statistical methods. 
 
Kappa analysis is a multivariate analytical 
statistical method used and introdu
remote sensing community in 1981 and was first 
published in Remote Sensing Journal in 1983 
[21,22]. It measures accuracy between the 
remote sensing derived classification map (in this 
study LULC map of the study area) and the 
ground-truth data by the major diagonal of the 
error matrix, as well as the chance agreement, 
which is indicated by the row and column total 
referred to as marginal [23,24]. According to 
 

 
Fig. 6. Percentage of Image Area of Classes for 2000

Table 2. Accuracy Total Report (2000) of Obio
 
Class Name  Wetlands Built-up 

Areas 
Wetlands 15 0 
Built-up 
Areas 

0 40 

Vegetation 0 0 
Water 
Bodies 

0 0 

Bare Surface 1 1 
Total 16 41 
P Accuracy 0.9375 0.97561
Kappa 0 0 

 

9.12

17.62

Wetlands Built-up AreasP
e

rc
e

n
ta

g
e
 (

%
) 

o
f 

Im
a

g
e

 A
re

a

Collins and Elekwachi; AJGR, 3(1): 35-48, 2020; Article no.

 
42 

 

sification [19]. Jensen [20] has 
proposed that two ways to evaluate and validate 
the error matrix are descriptive statistical and 
multivariate analytical statistical methods.  

Kappa analysis is a multivariate analytical 
statistical method used and introduced to the 
remote sensing community in 1981 and was first 
published in Remote Sensing Journal in 1983 

It measures accuracy between the 
remote sensing derived classification map (in this 
study LULC map of the study area) and the 

y the major diagonal of the 
error matrix, as well as the chance agreement, 
which is indicated by the row and column total 
referred to as marginal [23,24]. According to 

Landis and Koch [25], a Kappa value >0.80 
represent a strong agreement or accuracy 
between the classification map and the ground 
reference, a Kappa value between 0.40 and 0.80 
is considered moderate, and a Kappa value < 0.4 
represents a poor agreement.  
 
Accuracy assessment for 2000 shows an overall 
kappa statistic of 0.985947, which represen
strong agreement between the ground
the remotely sensed image acquired.
 
Accuracy assessment for 2009 shows an overall 
kappa statistic of 0.986392, which represents a 
strong agreement between the ground
the remotely sensed image acquired.

Percentage of Image Area of Classes for 2000 
 

Table 2. Accuracy Total Report (2000) of Obio-Akpor LGA 

up Vegetation Water 
Bodies 

Bare 
Surface 

Total U 
Accuracy

0 0 0 15 1 
0 0 0 40 1 

77 0 0 77 1 
0 4 0 4 1 

0 0 62 64 0.96875
77 4 62 200 0 

 1 1 1 0 0.99005
0 0 0 0 0 

Source: Author’s Computation 

17.62

41.49

2.69

29.05

up Areas Vegetation Water Bodies Bare Surface

Class Name

2000
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Landis and Koch [25], a Kappa value >0.80 
represent a strong agreement or accuracy 

en the classification map and the ground 
reference, a Kappa value between 0.40 and 0.80 
is considered moderate, and a Kappa value < 0.4 

Accuracy assessment for 2000 shows an overall 
kappa statistic of 0.985947, which represents a 
strong agreement between the ground-truth and 
the remotely sensed image acquired. 

Accuracy assessment for 2009 shows an overall 
kappa statistic of 0.986392, which represents a 
strong agreement between the ground-truth and 

quired. 

 

Accuracy 
Kappa 

0 
0 

0 
0 

0.96875 0 
0 

0.99005 0 
0.985947 

29.05

Bare Surface
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Fig. 7. Percentage of image area of classes for 2009 
 

 
 

Fig. 8. Percentage of image area of classes for 2018 
 

Accuracy assessment for 2018 shows an overall 
kappa statistic of 0.921883, which represents a 
strong agreement between the ground-truth and 
the remotely sensed image acquired. 
 

5. DISCUSSION  
 
The analysis shows the increase of built-up 
areas throughout the period of study and the 
depreciation of wetlands. The high rate of 
urbanization in the area has led to the 
construction of more roads, houses, industries 
and other infrastructural facilities. Urban land use 
and other activities have put pressure on the 
wetland in the study area. The study of Wali et al. 

[26] and Asibore [27] corroborates this finding. 
Urbanization and encroachment to the wetland 
due to the high population and the suitability of 
the areas for infrastructural development have 
increased stress to the wetland in the study area. 
For instance, the population of the local 
government area has increased rapidly over the 
years. As a result of population explosion, areas 
that were known as wetlands (see Figs. 3-5) 
have been converted into built-up areas and 
areas for other infrastructures, which is 
consistent with the findings of Akpofure [28] and 
Wali [29]. This rapid development has led to the 
encroachment of wetlands, vegetation, bare 
surface and water bodies. These depreciating 
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ecosystems have led to the loss of biodiversity, 
wildlife and a deteriorating environment.  

 
From the analysis of land use land cover 
between 2000-2018, it was observed that there is 
an increase in built-up area by 9999.18 sq.km. 
This is mainly due to housing and           
infrastructural development that has already 
taken place and will continue to take place 
because of the development in the study area. 
The implication of this change will definitely have 
an adverse impact on the urban environment and 
proper urban management strategies are 
necessary to mitigate these effects. Wetlands, 
however, saw a reduction throughout the period 
of study from 2000-2018 by 1265.4 sq.km. The 
results above also indicate that from 2009-2018, 
other land use classes such as vegetation saw a 

two-fold decline by 5207.4 sq.km, water bodies 
experienced a reduction by 275.11 sq.km, and 
bare surface also saw a reduction by 3431.09 
sq.km. With the rapid rate of urbanization in most 
cities of the global south, housing and 
infrastructural development will continue 
unabated while wetland loss will be very glaring 
[30,31]. 
 
In summary, no other land use classes 
experience this magnitude of change except the 
built-up area. This extensive growth creates 
difficulties in the lack of adequate infrastructure 
and creates various negative environmental 
impacts.  

 
Plate 1 - 4 shows wetlands ecosystems under 
threat in the study area.  

  
Table 3. Accuracy Total Report (2009) of Obio-Akpor LGA 

 

Class 
Name  

Wetlands Built-up 
Areas 

Vegetation Water 
Bodies 

Bare 
Surface 

Total U 
Accuracy 

Kappa 

Wetlands 42 0 0 0 0 42 1 0 

Built-up 
Areas 

0 44 0 0 0 44 1 0 

Vegetation 0 0 69 0 1 70 0.985714 0 

Water 
Bodies 

0 0 0 3 0 3 1 0 

Bare 
Surface 

0 1 0 0 38 39 0.974359 0 

Total 42 45 69 3 39 198 0 0 

P Accuracy 1 0.977778 1 1 0.974369 0 0.989899 0 

Kappa 0 0 0 0 0 0 0 0.986392 
Source: Author’s Computation 

 
Table 4. Accuracy Total Report (2018) of Obio-Akpor LGA 

 

Class 
Name  

Wetlands Built-up 
Areas 

Vegetation Water 
Bodies 

Bare 
Surface 

Total U 
Accuracy 

Kappa 

Wetlands 8 0 0 0 0 8 1 0 

Built-up 
Areas 

94 2 0 0 0 96 0.090833 0 

Vegetation 42 0 0 0 0 42 1 0 

Water 
Bodies 

6 0 0 1 0 7 0.142857 0 

Bare 
Surface 

28 0 0 0 2 30 0.066667 0 

Total 16 41 77 4 62 200 0 0 

P Accuracy 0.44944 1 0 1 1 0 0.070138 0 

Kappa 0 0 0 0 0 0 0 0.921883 
Source: Author’s Computation 
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Plate 1. Wetland ecosystem experiencing seasonal high tide at Choba during the authors’ 
fieldwork (25

th
 November 2019) 

 

 
 

Plate 2. Wetland ecosystem experiencing seasonal high tide at Choba, during the authors’ 
fieldwork (25th of November, 2019) 
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Plate 3. Wetland Ecosystem at Rumuigbo, being encroached by the urbanization process 
during the authors’ fieldwork (22nd of November, 2019) 

 

 
 

Plate 4. Wetland Ecosystem at low tide at Rumuigbo, during the authors’ fieldwork (22nd of 
November, 2019) 

 
6. CONCLUSION AND RECOMMENDA-

TIONS 
 

This study was designed to demonstrate the 
capacity of remote sensing and GIS in capturing, 

retrieving and analyzing Spatio-temporal data. 
The study displays the extent of changes in land 
use/ land cover from 2000-2018 with a major 
highlight on urban wetlands loss. Comprehensive 
land use and land cover maps were developed 
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for the three separate years for a period of 18 
years to study urban development in Obio-Akpor 
Local Government Area. Thus, land use and land 
cover were strongly developed for each land use 
and land cover class but with more emphasis on 
wetlands and built-up areas which are used to 
measure urban growth and development. 
 
Based on the findings of the study, the following 
are suggested: 
 

a. The land-use system in the study area 
should integrate environmental 
consideration and establishment of urban 
management plans as designed for 
Ramsar sites are strongly advocated. 

b. Wetlands study should be reviewed based 
on inventory and conservation priorities.  

c. Efforts should be made to increase 
knowledge and awareness on the 
wetlands’ values through the dissemination 
of information, using traditional techniques 
and training of appropriate staff.  

d. There is a need for appropriate wetland 
laws and legislation policies for sustainable 
management in the conservation of 
wetland. There is a need for improvement 
of institutional arrangement so that wetland 
policies can be fully integrated into the 
urban planning process.  
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