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Abstract

T

he city of Abuja is expanding rapidly in almost all directions, along the major highways,
extending at a faster rate towards the adjacent rural areas thereby replacing the natural
vegetation cover surrounding the main city. However, adequate attention has not been
given to monitoring the spatio-temporal trend and also measuring the rate and pattern of the urban
encroachment into the forest resources and farmlands of the adjacent villages. As a result, synergy
was formed with Landsat imageries of 1986, 2001 and 2016 covering the study area. Change detection
analysis reveals that, there was an increase in the built-up area by 61.19km2 and 78.20km2 between
1986 and 2001and 2001 and 2016 respectively with a corresponding annual rate of expansion of
32.9% and 7.09%. The analysis reveals that urban growth within the Federal Capital City (FCC)
during the first period (1986-2001), encroached and replaced about 12.05km2 (16.38%) area of
agricultural land, 49.23km2 (66.91%) of forest, and 3.00km2 (4.08%) of open and bare area. However,
in the second period (2001-2016), 59.54km2 representing 39.23% of the total forest and shrubs was
converted to built-up. Also, 22.32km2 (14.71%) of agricultural areas and 15.31km2 (10.09%) of
open/bare area were converted to urban structures. About 33km2 of agricultural land and over
110km2 area of forest resources have been converted to urban throughout the study period. The study
finds out that there is a direct relationship between urban growth and demand for agricultural land in
the study area and an inverse relationship between urban growth and forest resource area. This by
implication means that, increase in urban growth have led to increase in the demand for agricultural
land (i.e urban area increased from 12.37km2 – 151.8km2, with a corresponding increase in
agricultural area from 38.90km2 -88.35km2 between 1986 to 2016 respectively).The study predicts
that at this rate of growth, the forest resources will be totally depleted by 2046 (in the next 30 years).
The study recommends that the current growth pattern needs to be monitored and managed
effectively through strategic planning so as to avoid total depletion of the natural environment as well
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as emergence of unplanned settlements such as slums and ghettos. Serious attention should be geared
towards providing more facilities to support the growth and job opportunities to avoid the emergence
of social vices.
Key Words: Urban Growth, Landsat, Image classification, Landuse, Change detection
1. INTRODUCTION
Since about the year 2000, more than half of the world’s population lives in urban or highly
urbanized areas (Swanson, 2007). The World Bank estimates that by 2030 the built-up area
of industrialized countries will have expanded to some 500,000 square kilometers (Angel et
al., 2005). The prevailing process of globalization is fuelling the rate of urbanization
especially in many developing countries, particularly Africa where many countries are
already moving towards having 40 to 50 percent of their population living in cities
(Mabogunje, 2011). He further stated that Nigeria for instance, is estimated as likely to reach
this half way point by 2015. Yet, there is little indication that the standard of urban
governance in the country is ready to absorb such large increase of persons without simply
condemning many more of them to living in squalid, peri-urban settlements. This is
corroborated by the assertion made by Aguda and Olayiwola (2011) that the most noticeable
problems in many African countries are those that relate to economic, political and social
challenges. The economic problem, according to them, relate to poverty and political
problems which have to do with bad governance and corruption while the social problems
is more of the rapid population increase especially within the major urban areas where more
than half of the population live.
The increasing cluster of population in the urban areas with prevailing inadequate
institutional framework in addition to the above stated problems to a large extent, tend to
have triggered unguided and unsystematic urban expansion not only in the big cities but
also in the fast growing medium-size cities, most especially around the urban fringe areas of
these cities. Urban fringe denotes a dynamic area occasioned by spontaneous developments
which is propelled by rapid urban population growth. Though there is no consensus
definition of urban expansion but it is defined as a "physical pattern of low-density
expansion of urban areas, under market conditions, mainly into the surrounding
agricultural areas" (European Environmental Agency, 2006). According to the same source,
this results in a patchy, scattered, strung out, discontinuous and leapfrogged landscape.
Several studies have addressed urban expansion dynamics in big cities in developing
countries particularly Nigeria (Okewole, 2002; Oyinloye, 2003; Adesina, 2007; Adegboyega,
2008; Olujinmi, 2009 and Mabogunje, 2011). The fast growing medium size and small cities
are however neglected despite the UN-HABITAT (2008) observation that African cities with
less than 500,000 inhabitants are absorbing two-third of all urban population growth. It has
been argued that to understand the impact of new urbanization on the environment and
people, these processes need to be examined in these cities rather than restricting our
inquiries to the largest and frequently over-studied megacities (Redman and Jones, 2004).
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The city of Abuja has been expanding rapidly almost in all directions, along the major
highways, extending at a faster rate into the adjacent rural areas, which resulted in largescale urban expansion. However, attention has not been given to the detailed measurement
of the rate of urban expansion and pattern in Abuja. Moreover, in view of the problems
associated with urban expansion, the study of such a dynamic phenomenon is necessary
using Remote Sensing and GIS techniques rather than a mere descriptive approach. The aim
is to examine the spatio-temporal pattern of Federal capital city expansion with special
attention to the effects on socio-economic and ecological environment.
2. STUDY AREA
The study area is the Federal Capital City (FCC), which is one of the six area council in the
Federal Capital Territory (FCT) and it covers a total land area of 385.59 square kilometres
while the rest of the territory of the city region covers about 7,065 SqKms. Abuja is the
capital city of Nigeria. It is located between latitude 8° 50’ and 9°10' North of the equator;
and longitude 7° 15' - 7° 32' East of the Greenwich meridian. FCC is a planned city and it is
the heart of the FCT as it was built in the 1980s and officially became Nigeria's capital on 12
December 1991, replacing the role of the previous capital Lagos. Federal Capital Territory
(FCT) was carved out of Niger, Plateau, and Kwara states. Figure 1 shows the map of the
study area.
Abuja under Köppen climate classification features a tropical wet and dry
climate (Köppen: Aw). The FCT experiences three weather conditions annually. This
includes a warm, humid rainy season and a blistering dry season. In between the two, there
is a brief interlude of harmattan occasioned by the northeast trade wind, with the main
feature of dust haze and dryness.
The rainy season begins from April and ends in October, when daytime temperatures reach
28 °C (82.4 °F) to 30 °C (86.0 °F) and night time lows hover around 22 °C (71.6 °F) to 23 °C
(73.4 °F). In the dry season, daytime temperatures can soar as high as 40 °C (104.0 °F) and
night time temperatures can dip to 12 °C (53.6 °F). Even the chilliest nights can be followed
by daytime temperatures well above 30 °C (86.0 °F). The high altitudes and undulating
terrain of the FCT act as a moderating influence on the weather of the territory.
Rainfall in the FCT reflects the territory's location on the windward side of the Jos
Plateau and the zone of rising air masses with the city receiving frequent rainfall during the
rainy season from April to October every year.
The FCT falls within the Guinean forest-savanna mosaic zone of the West African subregion. Patches of rain forest, however, occur in the Gwagwa plains, especially in the rugged
terrain to the south south eastern parts of the territory, where a landscape of gullies and
rough terrain is found. These areas of the Federal Capital Territory (FCT) form one of the
few surviving occurrences of the mature forest vegetation in Nigeria.
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Figure:1 Federal capital city

Source (Dept of Geo, BUK, 2016)

3. MATERIALS AND METHODS
Landsat images of 1986, 2001 and 2016 with 30m spatial resolution were used as primary
data for the study. These images included Landsat TM of 1986, Landsat ETM+ of 2001 and
Landsat OLI of 2016 acquired from the USGS Earth Explorer Website. Further information
about the images used is presented in table 1.The rate of urban growth within the study area
at the interval of 15 years (1986-2001 and 2001-2016) was examined. For the analysis,
landuse/land cover classification was conducted and also change detection analysis to
determine the extent and rate of changing of each of the landuses and land covers between
the period of study. The analysis further identified various landuses that replaces others
over space and time. The results are presented in maps and tables and recommendations on
strategic planning and monitoring of the growth were provided.
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Table1: Satellite Images and Dates
S/N Data type
Date

Resolution

Acquisition Source

1.

Landsat (TM) 189/54

Jan-08-1986

30m

USGS
Earth
Website

Explorer

2.

Landsat (ETM+) 189/54

Jan-09-2001

30m

USGS
Earth
Website

Explorer

3.

Landsat (OLI) 189/54

Jan-27-2016

30m

USGS
Earth
Website

Explorer

Source (USGS, 2016)

3.1 Image Classification Scheme
The land cover classes used in this research are defined based on the Coordination of
Information on Environment(CORINE)established by the European Union in 1985 to create
pan- European database on land cover, biotopes (habitat), soil maps and acid rain. The land
cover project in CORINE programme works with land cover nomenclature at three levels:
first level having five headings; second level having fifteen headings and third level having
forty-four headings. Initially, 15 land cover classes were selected and these were further
grouped into five classes as shown in Table 2 below. Hence, the subsequent spatial and
temporal land use/land cover change analyses are based on these classes.
Table: 2 Land Cover Nomenclature Based on CORINE
S/N
Land cover classes
Descriptions
1

Built up(Artificial) surfaces

This classes includes urban fabric, industrial, commercial, transport units
and other related built up areas of non-agricultural, vegetated areas

2

Agricultural areas

Crop, pasture, irrigated land and plantation are included in this class,
heterogeneous agricultural areas and agro-forestry areas

3

Forest, shrubs and seminatural Areas

It comprises forest land, shrub and other mixed forest land, herbaceous
vegetation associations

4

Open/barren area

Open spaces with little or no vegetation, beaches, dunes sands, bare rocks,
sparsely vegetated areas

5

Water bodies

Water courses, water bodies, sea and ocean areas, coastal lagoons
Source (EEA, 2006)

3.2 Landuse/land cover classification
After preprocessing operations, the images were composited in to a color infra-red
composite (432 and 321) for landsat 8 and landsat 7 images respectively. Using the shapefiles
of the Federal capital city, image subsetting was performed to extract only the region of
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interest. In order to get more familiar with the nature and distribution of landuses and
landcovers types, Unsupervised classification was performed (ISODATA) which
automatically categorises landcovers based on spectral characteristics into about 9 classes.
Information classes were determined from the generated spectral classes, from which
training samples were gathered and used for supervised classification specifically based on
the parallelepipeds maximum likelihood classification algorithm to produce the land cover
maps. The Para-ML method combines parallelepiped and maximum likelihood classification
method,and uses a decision rule to evaluate each pixel. The categorization is based on a set
of lower and upper threshold reflectance determined for a signature on each band. The
classification was categorized based on the CORINE Land Cover nomenclature and consists
of five classes as presented in table 2. The major classes identified are artificial/built up
areas, agricultural areas, forest, shrubs and semi-forest areas, open/barren surface, wetlands
and water bodies.
3.3 Change Detection Analysis
Change detection analysis determines the changes that occurred on a particular area
between two or more time periods. After image classification, change detection analysis was
conducted using ENVI 5.1 software to determine the change patterns, the total area and
percentage of each land cover. The analysis enables the detection of the extent of changes
between landuses and covers. For example, the extent in square meter of area covered by
forest previously that have been converted to built-up area. Table 5 depicts various land
covers in 1986-2001 and 2001-2016 that were converted into built-up areas.
4. RESULTS AND DISCUSSION
After image classification, among all the land cover types identified, the class including
forests, shrub and semi natural surface constituted the predominant type of land cover with
an area of about 89.72%, 62.67% and 44.19% in the region for the years 1986, 2001 and 2016
respectively. This trend shows a continuous decrease in forest areas as they are replaced by
built-up areas and also cleared for agriculture. Secondly, open/bare areas change from
0.94% in 1986, to 7.64% in 2001 and then to about 11.29% in 2016. By implication, the trend
shows that increase in human activities in a particular area can increase land exposure due
to degradation and other activities. Thirdly, water bodies covered an area of about 0.26%,
0.24% and 0.32% over the period of study. The increase in surface water area as at 2016 is as
a result of construction of artificial structures including dams and other related water
resources management strategies to increase surface water availability. Fourthly, built-up
area was covering only about 2.19% in 1986, then increased to about 13.02% in 2001 and
doubled to about 27.93% in 2016. The drastic growth between 1986 and 2001 was as a result
of the relocation of the country’s capital city from Lagos to Abuja. The growth rate persisted
until the present time. Finally, the growth of agricultural area is on the increase because the
more the growth of the urban, the more the demand for agricultural land. The relationship
between the growth of built-up area, agricultural land and forest is described as ‘invasion’
pattern where the built-up area grow and invades into the adjacent farmlands, and the
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farmlands also expands outward invading into the forests. Table 3 below provides clearer
picture of the trend through the period of study.
Table: 3 Landuse /Land Cover Changes of the Study Years
Land use/cover
1986Area
Percent
2001 Area
(km2)
(%)
(km2)

Percent
(%)

2016 Area
(km2)

Percent
(%)

Agricultural areas

38.90

6.88

92.88

16.4

88.35

16.26

Built-up areas

12.37

2.19

73.56

13.0

151.8

27.93

507.0

89.7

354.2

62.7

240.1

44.19

5.33

0.94

43.16

7.64

61.36

11.29

Water bodies

1.49

0.26

1.35

0.24

1.74

0.32

Total

565.2

100

565.2

100

543.3

100

Forest, shrubs and
semi-natural
vegetation
Open/Bare areas

Figure 2 depicts the relative trend of land cover from 1986 to 2016 in the Federal Capital
City, Abuja. The major land use which is the urban-built up surface is having an increasing
positive trend in its areal extent. There has been also an observable declining trend of
change in the other land cover class of forest, shrubs and semi-natural vegetation.
Open/Bare area is increasing while agricultural areas increases in the first period and start
to decline in the second period. With regards to surface water, there wasn’t any significant
change throughout the study period.
600.00

AREA (SQ. KM)

500.00

400.00

300.00
Year 1986

200.00

Year 2001
Year 2016

100.00

0.00
Agricultural
areas

Built-up areas

Forest, shrubs
and seminatural
vegetation

Open/Bare
areas

Waterbodies

LAND USE/COVER

Fig: 2 Relative land cover change between 1986 to 2016 (Source: Data analysis, 2016)
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Figure 2 depicts the graphical relationships between different landuses and land covers
within the study area with urban growth as the influencing factor. The growth of the builtup area have led to increase and at the same time decrease of land uses and land covers
over time.

Fig: 3 and 4 Landuse/cover maps of 1986and 2001 (Source: Data analysis 2016)

Figures 3 and 4 compares the changes detected between 1986 to 2001 within the study
area. It is clearly noticeable that the extent of built-up area has increased in 2001 when
compared to that of 1986. Many factors including the relocation of the capital city in 1991
were attributed to this drastic growth. Significant changes were not observed especially
with regards to surface water bodies.
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Fig: 5 Landuse/cover map of 2016

(Source: Data analysis 2016)

The growth of the urban by 2016 was obvious and almost domination the entire study area.
Greater part of the forest resources has been depleted and replaced with buildings. Equally,
the distribution of agricultural lands has also been influenced and expanded. About 80% of
the total study area has been converted to built-up area. Based on the current growth rate,
the study predicted that by 2046, more than 90% of the area will be urban and more than
90% of the forest will be cleared.
4.1 Rate of Urban expansion of the Study Area
From the analysis of built-up areas in 1986, 2001 and 2016, there was an increase in the builtup area by 61.19km2 between 1986 and 2001 which was found to be 4.95% increase in extent
with an annual rate of expansion of 32.97%. Between 2001 and 2016, there was an increase in
the built-up area by 78.20km2 which represents an increase in extent of 1.06% which an
annual rate of 7.09% (Table 4).
Table: 4 Statistics of Urbanization in Abuja City
Statistics
1986 – 2001

2001 – 2016

Change Area

61.19km2

78.20 km2

Change Extent

4.9%

1.06%

Annual rate of change

32.97%/annum

7.09%/annum
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Fig 6: Showing Urbanization through the years of study(Source: Data analysis 2016)

The changes detected on built-up areas between the periods of study were extracted and
presented in figure 6. This enables the clear visualisation of the patter of changes and the
direction of growth.
4.2 Effect of Urbanization on other land uses and the Environment
From the analysis of the effect of urbanization on the other land uses, it was discovered that
in the first period (1986-2001), a total area of 12.05km2 (16.38%) of agricultural areas was
converted to Built-up, 49.23km2 (66.91%) of forest, shrubs and semi-natural vegetation was
converted to built-up while 3.00km2 (4.08%) of open and bare area was converted to builtup.
However, in the second period, the same pattern as that of the first period was noticed.
59.52km2 representing 39.23% of the total forest, shrubs and natural vegetation was
converted to built-up. Also, 22.32km2 (14.71%)of agricultural areas are urbanized while
15.31km2 (10.09%) of open/bare area was converted to urban lands in the same period. This
significantly affect the ecological system resulting in destruction of massive amount of fauna
and flora. The concretisation of surfaces havelead to decrease in rain water infiltration, but
on the other hand increase surface run-off. Ecological hazards including erosion and
flooding especially at the newly developed areas becomes inevitable. Table 5 summarises
the effect of urbanisation on the land uses and land cover of the study area over the period
of study.
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Table: 5 Other Land Uses/Land Cover affected by Urbanization in the Study Area
Land Use/Cover

1986-2001

2001-2016

Area (Km2)

%

Area (Km2)

%

Agricultural areas

12.05

16.4

22.32

14.71

Forest, shrubs and semi-natural vegetation

49.23

66.9

59.54

39.23

Open/Bare areas

3.00

4.08

15.31

10.09

Waterbodies

0.07

0.10

0.04

0.03
(Source: Data analysis 2016)

Figure 8 and 9 depicts the spatio-temporal dynamics of urban growth as it occupies other
land uses and land covers within the federal capital city of Nigeria from 1986 to 2016.

Fig: 8 Land Cover converted to urban within the study period (Source: Data analysis 2016)

From the figures (8 and 9), there was no significant change in the area of surface water. This
shows that the available water resources have been consistent throughout the study period.

5. SUMMARY
The study has addressed the effects of urban growth on other land covers of the Federal
Capital City of Nigeria using remote sensing and GIS technology. The objective of the study
is to examine the land use land cover change pattern, determine the rate of urban expansion
and examine the effects of urbanization on land use land cover. Synergy was formed with
Landsat imageries of 1986, 2001 and 2016 covering the study area. The datasets were
subjected to supervised classification and change detection analysis was conducted to
determine the rate of expansion between 1986 and 2016. The annual rate of expansion was
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then computed and the impact of urban growth on the other land use/ land cover of the
study area was determined. The study showed that the major land use (built up surface)is
having a positive trend of change in its areal extent. There has been also an observable
declining trend in terms of change in the other land cover classes.
5.1 CONCLUSION
This study has shown that information from satellite remote sensing and integrated with
GIS can play a useful role in understanding the nature and extent of changes in land use/
land cover, where they are occurring and monitoring these changes at local scale and
regional scale. It has been concluded that urban growth in the federal capital city is
inevitable and has inverse relationship with other land covers especially the forest resources
surrounding the city. Resultant consequences include destruction of flora and fauna with its
habitat. Convergence of ecological hazards such as erosion and flooding are other
consequence.
5.2 RECOMMENDATION
In order to alleviate the dramatic social and environmental impact of urban growth within
the study area, the current growth pattern needs to be monitored and managed through
effective land use planning and development. This would be useful to protect the remaining
forest resources, fertile agricultural land in the region and further reduce environmental
degradation in the form of soil erosion, flooding and pollution. The government through
both national and international agencies should pursue social and economic development
alongside with protection of the environment and natural recourses to achieve sustainable
development.
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