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ABSTRACT  
apid urbanization in cities and urban centres 

has recently contributed to notable land 

use/land cover (LULC) changes, affecting both 

the climate and environment resulting to flooding. 

Therefore, this paper seeks to analyze changes in 

LULC and its Impact on Urban Flooding in Parts of 

Bwari Area Council, Federal Capital Territory, Nigeria. 

To achieve this, Multi-temporal Landsat data was 

employed to monitor the study area’s LULC pattern 

lover the last 30years. The data used were Landsat 

TM, ETM+and OLI images (path and row 189/54 

respectively) with a 30m spatial resolutions; for the 

periods 1990,2010 and 2020; and sourced from earth 

explore website of NASA. Idrisi and ArcGIS software 

were used for analysis, the maximum likelihood 

classification (MLC) algorithm was used for the urban 

Land cover classification. Also 144 questionnaires 

were distributed and analysed. The results of the 

analysis showed that the built up area was more 

prominent in the urbanized areas with that built-up 

areas have been on increase from (13.37%) in 1990 

to (30.90%) in 2020 which has resulted in 

encroachment into the flood plain. 29.16% of the 

respondents says unplanned settlements is 

responsible for flooding. Owing to the constraints 

posed by availability and quality of data; to study the 

dynamics of city land cover; satellite based sensors 

with very high spatial resolution were recommended 

to enable highly detailed land use/cover, and 

ecological characterization of the urban environment 
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Introduction: 
Urban areas are home to more than 

half of the global population, and this 

proportion is projected to be 60% by 

2030 (United Nations (UN), 

Department of Economic and Social 

Affairs (DESA), Population Division 

2011). Numerous cities are growing 

in size at a phenomenal rate 

(Pathirana et al., 2014). 

Urbanisation-driven land use change 

influences local hydrometeorology 

by modifying surface and boundary 

layer atmospheric properties (Ren et 

al., 2008; Zhang et al., 2015), which 

changes the urban microclimate and 

significantly affects urban flood 

processes (Muis et al., 2015). Land 

use and land cover (LULC) changes 

associated with urbanisation also 

extensively affect hydrological 

processes by altering the partitioning 

of rainwater through the vegetation 

and soil into interception, 

infiltration, evaporation, surface 

runoff, and groundwater recharge 

(Warburton et al., 2012). 

The world has recently witnessed an 

increased urban population due to 

perceived socio-economic 

opportunities in cities, contributing 
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of the city. Also, building close to the river banks and other vulnerable areas to floods should be 

discouragedto mitigate the adverse influence of LULC changes by ensuring sustainable land-use 

practices across the study areas 
 

Keywords: Land Use and Land Cover, Flooding, Remote Sensing, Geographic Information System, 

Landsat image, MLC, OLI, TM, ETM+. 

 

o rapid urbanization (Sarif, Rimal and Stork, 2020). The global population in urban centers 

and cities has grown from 1.731 billion inhabitants (39.35%) in 1980 to 3.968 billion 

(53.91%) in 2015, and is further predicted to over 9.725 billion (68%) by 2050 (United 

Nations, 2019) 
Flood risks do not look likely to subside in the near future, and coupled with the recent incidence 

of climate change, flood intensity and frequency will continue to pose as threats to many parts of 

the world (Ouma and Tateishi, 2014). 

Globally, flooding has displaced more people than any other hazard or disaster. About 20% of the 

Nigerian population is at the risk of flooding as concluded by (Etuonovbe, 2011) who also 

acknowledged flooding as a perennial problem in Nigeria which consistently causes death and 

displacement of communities. In 2010, lives were lost as about 1,555 people were killed and 

258,000 more displaced while properties worth billions of naira were destroyed. Flooding is a 

recurring phenomenon in most cities of Nigeria. On the 26th of August 2011, the flooding disaster 

which occurred in Ibadan metropolis caused monumental destructions in the city. 

The consequence of this growth is the tremendous changes in land use/land cover (LULC) pattern 

and the alteration of various biophysical climatic conditions, particularly flooding. The 

transformation of land-use such as wetlands, vegetation, and agricultural areas into built-up and 

impervious surfaces can considerably influence flooding. Therefore, this study seeks to assess the 

impact land use/land cover change dynamics and flooding in parts of Bwari Area Council. 

Although several studies exist on LULC scenarios of selected cities in developing countries such 

as Nigeria (Wang and Maduako, 2015; Mahmoud et al., 2016; and Koko et al., 2020) 

comprehensive studies on the spatiotemporal analysis of LULC changes and their influence on 

flooding in  Nigeria’s rapidly growing cities are still relatively limited to non-existent. The 

objective of the research is (1) to examine the land use and land cover dynamic and (2) examine 

the causes of flooding in the area. 

 

The Study Area 

Bwari area council of the Federal Capital Territory (FCT) lies between 9° 08' 25" North and 7° 22' 

25" East. Abuja has an area of 8,000km2 and it lies wholly within the geo-political region referred 

to as the middle belt, and it forms part of the Guinea Savannah ecological zone (Chup, 2004). 

Abuja is bounded to the west and north by Niger State. It also shares boundary with Kaduna State 

in the North East, Nasarawa State. The basement complex rocks and the sedimentary rocks, cover 

a total land area of about 48% and 52% respectively (Boboye & Abumere, 2014),  Bwari has base 

of complex rocks are occupied majorly by hills and terrain with rocks of schists, gneiss and older 

granites.The major soil types include the gleysols, fluvisols, luvisols, combisols, regosols and 

lithosols.The rainy season begins from about April and ends in October with an annual total 

t 
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rainfall in the range of 1100 mm to 1600 mm (Boboye & Abumere, 2014). Highest temperatures 

in Abuja occur during the dry season months which are generally cloudless. Maximum 

temperatures in March and vary from 39°C in the south west to about 34°C in the north east. 

 
Figure 1: Location of Bwari Area Council, FCT, Nigeria 

Source: Department of Geography, FUT Minna, 2022 

 

Materials and Methods 

The materials used for this study include global positioning system for picking of coordinates, 

computer, recording book, pen and paper. The types of data used comprise of both primary and 



12.31.2022  Pg.92  
   
         Vol. 20, No. 2 
 
 

BERKELEY RESEARCH & PUBLICATIONS INTERNATIONAL  
Bayero University, Kano, PMB 3011, Kano State, Nigeria. +234 (0) 802 881 6063,  
  

 
ISSN: 1213-4977 

International Journal of African Research & Sustainability Studies 

secondary. The primary data was collected from the study area through the field work. Itinvolved 

personal observation, structured questionnaire and the used of handheld GPS, while secondary 

data include satellite imagery (Landsat) for three (3) decade (1990-2010-2020) other data was 

obtained through library and internet search.IDRISITerrset was used for the development of land 

use and land cover maps for the study areas. ArcGIS 10.3 was used in developing, displaying and 

processing of the location maps. 

 

Analysis of the trend in the land use and lane cover change in the study area 

Three (3) multi – date satellite images of Landsat, they include Landsat Thematic Mapper, 

Enhanced Thematic Mapper and Operational Land Imager with a resolution of 30m of 1990, 2010, 

and 2020 respectively was used for land use/ land cover classification. These datasets were 

imported to IdrisiTerrset. Digital image analysis was carried out. The major image processing 

steps include image layer stacking, resampling, and image enhancement of the datasets which are 

of utmost importance for LULC analysis. The types of land use land cover feature that was  

identified in this study includes; (built up area, agricultural land, vegetation, water bodies). 

summary of satellite images used are indicated on Table 1.  

The study area was extracted from the scene, and a supervised maximum likelihood classification 

method was carried out based on level 1 classification of Anderson et al. (1976) three basic 

operations namely image reconstruction to extract area of interest from the general satellite 

scene, image enhancement to improve visual interpretation by increasing apparent contrast 

among various features in the image and image classification to classify the various land use and 

cover types. The spatial resolution of the land satellite image of (30m)makes it very useful for 

land use and land cover classification and general mapping. In regards to causes of flood in the 

area, 144 questionnaires were distributed across the study locations to elicit responses from the 

respondent regarding what causes flood in the area 

 

Table 1: Details of Satellite Data Used 

S/N Sensor 

 

Path / Row 

 

Source  Year of 

Acquisition 

Scale/resolution 

       

1 TM 189/054 earth 

explorer 

1990  30 

2 ETM+ 189/054 earth 

explorer 

2000  30 

3 OLI 189/054 earth 

explorer 

 

2020  30 

Source: Author’s Analysis, 2022 

 

Results and Discussion 

The land use/ land cover map gives an account of the spatial distribution and areal extent of 

various categories of land use/land cover over the study area. Figure 1 presents the classified 

land use/land cover map of the study area for the year 1990.  
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Figure 2: 1990 Land use and land cover Map 

 

The map portrays four (4) categories of land use/land covers; built-ups, grassland, agricultural 

land and water bodies. The areal extent of these classes reveal that the dominant class is 

Agricultural land which covers 110.10 km2 (50.15%), this is followed by grassland with 70.00 

km2 (31.89%), built up areas covers 29.35 km2 (13.37%). This is seen more at the Centre, and 

water bodies with 10.08 km2 representing (4.59%) of the total area as the less dominant land use 

and land cover class. 

 
Figure 3: Classified 2010 Land use and land cover Map 
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The land use and cover map of Bwari for 2000 (Figure 3), reveals that there was a drastic increase 

in built up areas. Result shows that built up area increase from 29.35 km2 (13.37%) in 1990 to 

42.17 km2 (19.20%) in 2000. The built up expands towards the centre due to continuous influx 

of people. This sharp increase can be attributed to continuous influx of people as a result of the 

mark of a new era of democracy and the quest for people to get better job opportunities so as to 

improve their standard of living and improved socio-economic development in the area. 

This is followed by agricultural land area; findings reveal that Agricultural land also increases 

from 110.10km2 (50.15%) in 1990 to 112.21 km2 (51.09%) in 2010. The large proportion of 

Agricultural land area indicates that most of the marginal dry and wetlands have been converted 

to agricultural land. However, there was a decrease in grassland area as findings indicate that 

grassland areas decreased from 70.00 km2 (31.89%) in 1990 to 55.21 km (25.14%) in 2000. This 

may be attributed to conversion to build up areas, agricultural land and other land use and land 

cover categories. Furthermore, water body remains relatively stable with 10.04 km2 (4.57%) 

respectively. 

 

 
Figure 4: Classified 2020 Land use and land cover Map 

 

Figure 4 shows the land use and cover map of Bwari for 2020, findings reveal that Agricultural 

land is the most dominant land use and cover type and continues to increase across the study 

area, an indication of increased urbanization. Result also shows that built up area increase from 

42.17 km2 (19.20%) in 2000 to 67.86 km2 (30.90%) in 2020. The built up expands towards the 

city Centre, western, southern, north west and south western section of the study area as more 

people to influx the area. 

This is followed by grassland areas as findings reveal that there was an increase in cultivated land 

but still occupies more land area than other land use category. Findings shows that grassland 
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increased from 55.21 km2 (25.14%) in 2000 to 58.93 km2 (26.83%) in 2020. Similarly, there was 

also a decrease in grassland area as findings indicate that grassland areas decreased from 

974.76km (28.29%) in 2010 to 963.89 km2 (39.07%) in 2020.  In addition, water body witnesses 

a slight increase with 11.13km2 (5.07%) respectively as shown on figure 5. This agrees with the 

work of (Sarif, Rimal and Stork, 2020) who carries out similar work. 

 

 
Figure 5: Trend in Land use and Land cover change 

 

Additionally, Table 2 shows the areal extent of each of the land use and land cover categories, 

from 1990 to 2020.Findings reveals that there was continuous increase of built up areas from 

13.37% in 1990 to 30.90% in 2020, an increase of 17.53% within the period of study. 

 

Table 2: land use and land cover Distribution of Bwari (1990, 2010 and 2020) 

LULC 1990 2010 2020 

Land Cover 

Category 

Area 

(Sqkm) 

Area 

covered 

(%) 

Area 

(Sqkm) 

Area 

covered 

(%) 

Area 

(Sqkm) 

Area 

covered 

(%) 

Build up 29.35 

 

13.37 

 

42.17 

 

19.20 

 

67.86 

 

30.90 

 

Grassland  70.00 31.89 55.21 25.14 58.93 26.83 

1990, Built up, 
29.35

1990, Grassland, 
70.00

1990, Agric lands, 
110.10

1990, Water 
Bodies, 10.08

2010, Built up, 
42.17

2010, Grassland, 
55.21

2010, Agric lands, 
112.21

2010, Water 
Bodies, 10.04

2020, Built up, 
67.86

2020, Grassland, 
58.93

2020, Agric lands, 
81.72

2020, Water 
Bodies, 11.13

A
re

as
 in

 S
q

.k
m

Land Use Types

1990

2010

2020
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Agricultural 

Lands 

110.10 

 

50.15 

 

112.21 

 

51.09 

 

81.72 

 

37.21 

 

Water bodies 10.08 

 

0.10 

 

10.04 

 

4.57 

 

11.13 

 

5.07 

 

Total 219.63 

 

100 

 

219.63 

 

100 219.63 

 

100 

Source: Author’s Analysis, 2021 

 

On the other hand there was a decrease in grassland and agricultural areas from 31.89% to 

26.83% and 50.15% to 37.21% respectively (Table 2). The increase in built up areas has resulted 

to increase impervious surfaces which has resulted to frequent flooding across the study 

locations. Also water bodies increased form 0.10% in 1990 to 5.07% in 2020 which can be 

attributed to the expansion of the Usman Dam to meet the water demands of the inhabitant of 

Bwari and FCT in general. 

 

Magnitude and Percentage of Change in Land Use/Landover between 1990 and 2020 

The magnitude of change of forest area for 30 years between 1990 to 2020showed that grassland 
decreased further by -11.07Sq. km representing a change (-15.81%) of the total change for the 
period as shown on Table 3 Built up had an annual rate of change of 4.37% within the study years 
while Agricultural land had the least annual rate of change of -0.85%. 
The period witnessed more increase in Built up and water bodies area. The built up land increased 
by 38.51Sq. km representing 131.20% of the total change, while water bodies increased by 1.05 
sqkm (10.41%) at an annual growth rate of 4.37% and 0.34% respectively as shown on table 3. 
This is in line with the works of (Wang and Maduako, 2015; Mahmoud et al., 2016; and Koko et 
al., 2020) who carried similar work and find out that urbanization is on high level as people 
continues to move to urban centres. 
 

Table 3: Magnitude and Percentage of Change in Land Use/Landover between 1990 and 2020 

LULC Class 1990 Extent 

(Sq. km) 

2020 Extent 

(Sq. km) 

Magnitude of 

Change (Sq. km) 

Percentage 

of Change 

Annual Rate 

of Change % 

Built up 29.35 67.86 38.51 131.20 4.37 

Grassland 70.00 58.93 -11.07 -15.81 -0.52 

Agricultural land 110.10 81.72 -28.38 -25.77 -0.85 

Water bodies 10.08 11.13 1.05 10.41 0.34 

Total  219.53 219.65 79.01 183.19 6.08 

 

In summary, findings reveal that it is not only precipitation or rainfall that cause of flooding in the 

study area but human activities that have encroached the drainage path way has resulted to 

increased flooding in the study area. this is seen on the classified land use and land cover of the 

study; the rate of urban expansion has greatly increased across the study locations.  

 

Causes of flood  

As regards the causes of flood across the study areas, 19.44% of the respondents agree that 

building on/close to water courses result to flooding the study the study locations, 13.88% are of 
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the opinion that bad refuse disposal causes flooding, 29.16% of the respondents says unplanned 

settlements is responsible for flooding while 11.80% says lack of/inadequate drains causes 

flooding. On the other 20.83% agree that due to the low lying nature of relief of the area flooding 

is inevitable in the area as reveal on figure 6. 

 
Figure 6: Percentage of responses on causes of flood 

Table 3: Cause of Flood in the Study Area 

Causes Frequencies Percentage  

Building on/close to water courses 28 19.44 

Bad refuse Disposal 20 13.88 

Unplanned Settlements 42 29.16 

Lack of/Inadequate Drains 17 11.80 

Poor design of Drains 7 4.86 

low lying nature of relief 30 20.83 

Total 144 100 

 

Conclusion and Recommendation 
The present study analysed the spatiotemporal impact of LULC change on flooding inpacts of 
Bwari Area council of Abuja metropolis over the last 30 years (1990–2020) with the aid of 
multitemporal satellite data. The change dynamics were mapped and quantified for three periods 
(1990, 2010, and 2020) using three different LULC classes comprising built-up areas, grassland, 
agricultural land and water bodies. To achieve the study’s objectives, we examined the spatial 
distribution of land use and land cover change. The LULC change analysis indicates a rapid urban 
growth in the study areas with a considerable built-up area increase from 29.35sq. km 13.37% in 

Series1, Building 
on/close to water 

courses, 19.44, 19%

Series1, Bad refuse 
Disposal, 13.88, 14%

Series1, Unplanned 
Settlements, 29.16, 

29%

Series1, Lack 
of/Inadequate 
Drains, 11.8, 

12%

Series1, Poor design 
of Drains, 4.86, 5%

Series1, low lying 
nature of relief, 

20.83, 21%

Building on/close to water
courses

Bad refuse Disposal

Unplanned Settlements

Lack of/Inadequate Drains
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1990 to 67.86 sq. km 30.90% in 2020 with an increase of 17.53%. On the other hand, grassland 
and agricultural land decreased significantly during the study period from 31.89% to 26.83% and 
50.15% to 37.21% respectively in 2020. The most remarkable land cover transition in the study 
location was the conversion of grassland and agricultural land to built-up areas. 
This implies that higher flood is experienced along with a decline in vegetation and an increase in 
built-areas. This study’s findings suggest that LULC changes in the study location have 
substantially influenced the city’s increase in flood, therefore contributing to the development of 
surface runoff. The present study only examined the historical period between 1990 and 2020. 
Also, 29.16% of the respondents agree to the fact that unplanned settlementsare responsible for 
flooding as most structures are on floodplain. Therefore, further research is needed to investigate 
the city’s future LULC change dynamics and its potential consequence using various geospatial-
modelling techniques. The study concluded by recommending various strategies such as Blocked 
or damage drainages can lead to accumulation of runoff waters after rainfall; therefore, attention 
should also be given to it and building close to the river banks and other vulnerable areas to floods 
should be discouragedto mitigate the adverse influence of LULC changes by ensuring sustainable 
land-use practices across the study areas. 
 

References 
Boboye, O. A. & Abumere, I. O. (2014). Environmental impact of elemental concentration and distribution in waters, soils 

and plants along the Lokoja–Abuja pipeline routes of Bida Basin, northwestern Nigeria. Journal of African Earth 
Sciences, 99, 694-704. 

Chup, C. D. (2004). Analysis of agroforestry practices in the guinea savannah ecological zone: A case study of the Federal 
Capital Territory of Nigeria (Doctoral dissertation). 

Etounovbe, A.K. (2011). “The Devastating Effect of Flooding in Nigeria”  
Grace, U. M., Sawa, B. A., &Jaiyeoba, I. A. (2015). Multi-temporal Remote Sensing of landuse dynamics in Zaria, 

Nigeria. Journal of Environment and Earth Science, 5(9),  121-138. 
Ibrahim Mahmoud, M., Duker, A., Conrad, C., Thiel, M., & Shaba Ahmad, H. (2016). Analysis of settlement expansion and 

urban growth modelling using geoinformation for assessing potential impacts of urbanization on climate in Abuja 
City, Nigeria. Remote  Sensing, 8(3), 220. 

Koko, A. F., Yue, W., Abubakar, G. A., Hamed, R. & Alabsi, A. A. N. (2020). Monitoring   Predicting Spatio-Temporal Land 
Use/Land Cover Changes in Zaria City, Nigeria,  through an Integrated Cellular Automata and Markov Chain Model 
(CA-Markov). Sustainability, 12(24), 104-112. 

Muis, S., B. Guneralp, B. Jongman, J.C.J.H. Aerts, and P.J. Ward. (2015). Flood risk and adaptation strategies under climate 
change and urban expansion: A probabilistic  analysis using global data. Science of Total Environment 538: 445–
457 

Ouma, Y. O. & Tateishi, R. (2014). Urban flood vulnerability and risk mapping using integrated multi-parametric AHP and 
GIS: methodological overview and case study assessment. Water, 6(6), 1515-1545. 

Pathirana, A., H.B. Denekew, W. Veerbeek, C. Zevenbergen, and A.T. Banda. (2014). Impact of urban growth-driven landuse 
change on microclimate and extreme precipitation—A sensitivity study. Atmospheric Research 138: 59–72. 

Ren, G., Y. Zhou, Z. Chu, J. Zhou, A. Zhang, J. Guo, and X. Liu. (2008). Urbanization effects on observed surface air 
temperature trends in north China. Journal of  Climate 21(6), 1333–1348. 

Sarif, M. O., Rimal, B., & Stork, N. E. (2020). Assessment of changes in land use/land cover and land surface temperatures 
and their impact on surface urban heat island phenomena in the Kathmandu Valley (1988–2018). ISPRS 
International Journal of Geo-Information, 9(12), 726 

United Nations, Department of Economic and Social Affairs, Population Division. (2011). World population prospects: The 
2010 revision. Volume I: Comprehensive tables, ST/ESA/SER.A/ 313.  

Wang, J. & Maduako, I. N. (2018). Spatio-temporal urban growth dynamics of Lagos Metropolitan Region of Nigeria based 
on Hybrid methods for LULC modeling and prediction. European Journal of Remote Sensing, 51(1), 251-265. 

Warburton, M.L., R.E. Schulze, and G.P.W. Jewitt. (2012). Hydrological impacts of land use change in three diverse South 
African catchments. Journal of Hydrology 414–415: 118–135. 

WPP. (2019). United Nations, Department of Economic and Social Affairs, Population Division. World Population 
Prospects 2019: Highlights (ST/ESA/SER. A/423). 

Zhang, S., Y. Guo, and Wang, Z. (2015). Correlation between flood frequency and geomorphologic complexity of rivers 
network–A case study of Hangzhou China.  Journal of Hydrology 527: 113–118. 

  


