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ABSTRACT 

Anthropogenic drivers such as the urbanization and economic dependence have being a major force shaping

various landscapes. Kaduna town is no exception of such landscapes. This study uses remote sensing and GIS

techniques with survey to identify the various land uses, their various transformations over the a period of 11

years (1990-2000)and to measure the rate of urban expansion and loss of vegetation cover in  the study area.

The study revealed that built-up area is expanding at about 167.86 hectares annually vegetation covers

declining at a faster rate of 297.5 hectares annually. It also revealed that bare land a component of urban

expansion also increased 183.5%. The implication of this unprecedented growth is the resulting environmental

and ecological problems associated with unplanned urban growth and development such as flooding, urban heat

island etc. However, Greening and due adherence to development control were suggested as amelioration to

impending environmental crisis. 
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Introduction

Increase in population, destructions of environmental resources, environmental pollution, introduction of

various forms of land use planning are the various issues threatening    the environment today (Vernon, 2002).

Increased in urbanization is recently becoming a global phenomenon instigating various environmental problems

(UN-Habitat, 2003). Over the years man’s interaction with his environment have been recognized as a major

force shaping the biosphere, most its landscape. Human actions rather than natural phenomena are the source

of  most  contemporary  changes  in  the  state  and  flow of the biosphere (Fasal, 2000; Ifatimehin and

Ufuah, 2007).

Globally, urban centers over a half century ago have continued to witness unprecedented growth in its

population in most developing countries. This growth is premised on the perceived improvement in living

conditions and the environment (Kombe and Kreibich, 2000). Thereby triggering high level migration usually

one way from the rural areas to the urban areas. This phenomenon comes with high level population increase

in the urban areas as well as consistent decline in economic opportunities in  rural  areas  (Gardner,  2001;

UN-Habitat, 2004).

The United Nation Center for Human Settlement in 1996 reported that about 45 percent of the world

population currently lives in urban areas - 75 percent in more developed countries and 37 percent in less

developed  ones.  The  Report asserted that every year urban areas gains approximately 67 million people

(more than one million per week).  Thirty years ago, only one Western African city (Lagos) had a population

of more than a million but recently most urban areas are having population above 1 million thereby instigating

various forms of changes on the urban landscape and the environment as a whole (UN-Habitat, 2003).
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This uncontrolled growth of urban areas in terms of population and area coverage have  become a very

crucial issue stressing  town planners all over the world because of the escalating   problems of  urban

congestion, poor housing, crowded transportation, lack of basic services, ill health, low educational status and

high unemployment. The complication is increase due to poor urban planning and uncontrolled land use, lack

of financial resources and inadequate investment in environmental management is leading to the increase urban

area coverage causing more impact on the environment. This is becoming a glaring issue in Western Africa

and Nigeria in particular (UNCHS, 1996; Fekede, 2002).

Thematic Committee (2001) opines that in Nigeria the growth and complexity of human settlements and

in particular the process of urbanization has been phenomenal. 1950, the percentage of the total Nigerian

population living in urban centers was less than 15 per cent; by 1975, this proportion had risen to some 23.4

per cent. By year 2000, the proportion had gone up to more than 43.5 per cent and it is been projected to be

more than 50 per cent by the year 2010.

The growth in urban and populations leads to various population pressures, climatic variability, and

fragmentation of tenure and traditional systems, contribute to degradation of soil and vegetation, diminishing

yields and worsening food insecurity in rural areas mostly at the fringe of the rapidly growing urban

settlements due to the conversion of arable land built environment to incorporate growing residential and

industrial estates (Vernon, 2002; UN-Habitat, 2003; Ifatimehin and Ufuah, 2007).

Such problems in the less developed countries may become acute from its current state of being chronic.

It is therefore essential that studies should be undertaken on the patterns of urbanization to keep a tab on the

process so as to minimize its adverse consequences. Nigeria, one of the most populous countries in the Africa

has  reached  a  state where urban problems have assumed serious proportions and require urgent attention

(UN-Habitat, 2003). 

In the world today there is hardly any vegetation that has not been affected by human activities. Activities

of man such as farming, logging, grazing, hunting, urbanization and other development activities induced by

the rapidly increasing population have together reduced natural vegetation cover to patches on the surface of

the earth (Heimlich and Anderson, 2001; Kaya and Curran, 2005).

Adesina, et al. (1999), observed that in Nigeria, 400,000 hectares of vegetation cover is lost annually and

most of this vegetation is deliberately removed to make way for mineral exploiting, development of

infrastructure such as roads and railway and expansion of settlements as well as high level of household

dependent on fuel woods for the supply of domestic energy most especially among the low income earners

(Adesina, 2005). 

The loss of natural vegetation has great implications such as destruction of wildlife habitat, depreciation

or outright wiping off of genetic pool, loss of food and medicinal herbs and promotion of desertification and

drought among others, building up of green house gasses (Adesina, 2005).

The main aim of this study is to employ Remote Sensing and GIS techniques in urban studies. The study

intends to achieve the following objectives:

C Identify the various land uses;

C Measure the various land use transformation within the study period; and

C Justify the lost of vegetation cover in the study area.

Study area

The town of Kaduna, the capital of Kaduna State, is one of the largest cities in northern Nigeria. Kaduna

town is located on latitude 10  32’58.83’’N - 10  25’36.79’’ N and longitude 7  22’14.65’’E - 7  28’00.41’’E.0 0 0 0

Kaduna town is the administrative headquarters of Kaduna State (Figure 1).  

Kaduna urban center was created long by the colonial government. Previously a small town during the pre-

colonial era, Kaduna became the colonial capital of the Protectorate of Northern Nigeria. Colonial authorities

invested in building major road and rail transport routes, along which the main markets developed. The town

is a center for trade in cotton, livestock, durra sorghum, corn, groundnut, and ginger. Kaduna is one of

Nigeria’s leading manufacturing centers, specializing in textile production, petroleum refining, vehicle assembly,

brewing, food processing, and printing and publishing in Northern Nigeria. Presently it is well connected and

accessible through state and Federal highways and it still remain the heart beat of most economic activities

in the northern Nigeria. The town also housed the prominent Kaduna refinery.

The mean annual rainfall is about 1525mm and the length of the rainy season period is about 200 days.

The mean monthly temperature reaches 28C in March and drops to 23.3C in December. The vegetation is

shrub savannah interspersed with orchard bush, which represents a degradation of the natural vegetation. The

drainage network is dominated by River Kaduna flowing southwest to join the River Niger.
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Fig. 1: The study area. 

Materials and methods

In carrying out this study, remotely sensed satellites imageries (data) supported with serious ground truth

exercise was done for checking. Apart from the fact the remote sensing is an effective and efficient tool for

urban studies; it is consider being highly, economical easy to acquired and flexible, to use in rapid updating

of maps than aerial photographs.

The time span of this study covers 11 years (1990-2000). The choice of this span of time for study is to

help project the impact of urbanization on the vegetal cover of the town. The Kaduna urban land use change

detection mapping was archived using 30 meter Landsat TM satellites imagery on a scale of 1:250,000

acquired in the year 1990 and 30 meter Landsat TM satellites imagery on a scale of 1:250,000 acquired in

the year 2000. 
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Field survey was first done to identify land types and land use types. The use of a hand-held GARMIN
III GPS receiver facilitates navigation and identifications of locations on the ground. GPS readings help in
positioning visual observation.

Landsat TM 1990 Landsat TM 2000 Geometric correction

The images were georeferenced with coordinates in latitude and longitude. All the images were sampled
to 30m to 30m pixel size using Nearest Neighbour.

Visual Interpretation of Satellites Images

The images were displayed in False Colour Composite (FCC) for a better visualization and identification
built up areas, bare lands, forest lands, rangelands, river, vegetation, and wetland vegetation.

Classification of Remotely Sensed Data

Mather (1999) considered classification to be the process of pattern recognition of the pattern associated
with each pixel position in an image in terms of the characteristics of the objects or materials present at the
corresponding point of the Earth’s surface. It’s major functions are spatial, spectral and temporal pattern
recognition (Syed and Abdulla, 2002). Maximum likelihood classification algorithm was used.

Training sample sets were collected based on the ground truth data gathered during field checks. Following
completion, it was run on mosaic. Statistical data was then extracted from the classified sample set.

Most of the work was done in a GIS environment provided by ILWIS academia 3.2 software. Because
the use of GIS techniques coupled with remote sensing are essential elements for the preparation of an
integrated development plan. Fasal (2000) asserted that both can provide the means for the rapid production
of accurate and up to date databases for planners at all levels.
 
Result and discussion

Kaduna town springs from its colonial origins with its development over the years due to the economic,
educational and administrative role as a seat of government. Over the few past decades, Kaduna town has been
transforming due to population increase thereby causing vegetation land cover changes, including the expansion
of it’s built up area.

Kaduna Urban Land Use 1990 and 2000

The 2000 Landsat Tm Imagery considered Kaduna town to have a total of 12503.8 hectares, The areal
coverage and percentages of the various land use  will be use for the objective of the study. This includes all
the urban expansion that has taken place in different parts of the town within the study year’s span. As shown
in Table 1 and Figures 2 and 3, it is glaring that, there is tremendous expansion of built up area at the fringe
of the town as well as significant dominant of built up area in the central part of the town. 

Table 1: Different Land Uses in Kaduna Town, 1990 and 2000.

1990 2000

Various Land use types --------------------------------- ------------------------------------------- % change 1990-2000

Area (Hectares) % Area (hectares) %

Bare Land 2001.76 16 3673.76 29.4 183.5

Built Up Area 4887.28 39.1 6733.16 53.8 137.8

Forest Land 399.04 3.2 98.21 0.76 -406.3

Range Land 830.136 6.6 104.43 0.91 -794.9

River and water Body 349.36 2.8 103.78 0.83 -336.6

Savannah Vegetation 3264.48 26.1 1586.08 12.7 -205.8

W et Land Vegetation 771.744 6.2 204.38 1.6 -377.6

Total 12503.8 100 12503.8 100

Source: Ishaya, Ifatimehin and Okafor, 2008 [Landsat Tm Imagery (2000) and Landsat Tm Imagery (1990)]

The findings show that some of the various land use classes in the study area recorded significant increase
during the study period with the exception of Range land, Savannah vegetation and Wet Land Vegetation
which are declining. Table 1 shows a significant increase of Bare lands with 183.5% and Built Up Area with
137.8%.  While  other  land  uses decreased within the study period such as Range land (-794.9%), Forest
Land (-406.3%), Wet land vegetation (-377.6%), River and Water body (-336.6%), and savannah vegetation
with -205.8%. 
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Fig. 2: Urban Land Cover In 1990. 

Kaduna town has recorded a significant increase in the built-up area and in the fringe of the town mainly
due to population growth and development in its formal and informal sector of the economy. One of the
critical issues associated to this expansion in Kaduna town over the years has been the haphazard and
unplanned nature as well as distortion of the existing plans common in the southern and northern part of the
town. Even the recent Government developmental projects in the town are being swallowed in this haphazard
expansion beyond recognition. Associated with this is road traffic congestion, high level of crime, stream
constriction, clogging of drains, high rate of waste generation and improper waste disposal. Despite this growth
in population and the increase in the built-up area, the development in infrastructures provision and services
in the town has not been made sufficient.

Comparing Figure 2 and 3, Kaduna town is expanding in every direction but with more concentration in
the south. Important aspect in the town land use change is the large extent of increase of bare land from 16%
to 29.4%. Land of such nature are being cleared and fenced for future development of infrastructures.
Presently, such lands are neither used for urban development nor for agricultural purposes with the single aim
of awaiting increase in the values of lands by the landowners. 
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Fig. 2: Urban Land Cover In 2000. 

Land Transformation in Kaduna Town

Natural and Human processes make land to be in a continuous state of transformation. Table 2 below

shows land transformation during the period of study.

C Bare land increased from 2001.76 hectares to 3673.76 hectares, gaining land from the built-up area

(1068.56 ha), Forest land (167.23 ha), Range land (203.34 ha), River and water body (77.71 ha), Savannah

vegetation (442.86 ha) and Wet land vegetation (107.1 ha). However, Bare land losses about 394.8 ha of

its land area to built-up area.

C The built-up area increased from 4887. 28 ha to 6733.76 ha of the total area in 2000, gaining a total

1846.48 ha from other land uses and also losing 1068.56 ha to Bare land. This lost is as a result of urban

renewal.

C Thick forest land cover decreased from 399.04 ha to 98.21 ha, losing 167.23 ha to Bare land, 106.34 ha

to Built-up area and 27.27 ha to Range land. 

C Range land decreased from 830.136 ha to 104.43 ha, losing 203.34 ha to Bare land, 522.23 ha to Built-up

area and gained 27.27 ha from Forest land. 
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C Areas cover by river and water bodies in the study area decreased from 349.36 ha to 103.78 ha. 
C Savannah vegetation coverage of the study area decreased from 3264.48 ha to 1586.08 ha, losing about

1235.54 ha to Built-up area. 
C Wetland Vegetation within the study area which coverage was 771.744 ha in 1990 decline to 204.38 in

2005 losing 650.34 ha of the initial area coverage.

Loss of Vegetation covers due to urban expansion

Table 3 shows that the area under vegetation cover (Forest land, Range land, Savannah vegetation and wet
land vegetation) had declined tremendously. A total of 3272.3 ha of vegetation cover is loss to urban
expansion.

Table 2: Land Transformation in Kaduna town (1990-2000)

Bare Built-up Forest Range River & Savannah W et land 2000

land Area Land land water body vegetation vegetation

Bare Land 2001.76 1068.56 167.23 203.34 77.71 442.86 107.1 3673.76

Built-up area 394.8 4887.28 106.34 522.23 167.87 1235.54 543.24 6733.76

Forest land 399.04 98.21

Range Land 27.27 830.136 104.43

River & water body 349.36 103.78

Savannah vegetation 3264.48 1586.08

W et Land vegetation 771.744 204.38

Source: Ishaya, Ifatimehin and Okafor, 2008 [Based on Landsat ETM imagery (2000) and LandsatTM  Imagery (1990)]

Notes: Figures in Bold (diagonal) are area under that particular land use in 1990, while figures in the same column represent the shift

in area to other land uses. Similarly, figures in the same row are increase in area captured from the land uses.

Table 3: Loss of vegetation cover in Kaduna town environs

Loss of Vegetation cover Arithmetic mean loss per year

Year Vegetation cover area (Hectare) ------------------------------------ Time in years ------------------------------------------

Hectares % Hectares %

1990 5265.4 3272.3 264.2 11 297.5 9.1

2000 1993.1

Source: Ishaya, Ifatimehin and Okafor, 2008

Table 2 and 3 show  that  of the 3272.3 ha of vegetation land cover lost, 864.95 ha area recoverable
(Land where no permanent construction has taken place in the transformation to Bare land) and 2407.35 ha
are not recoverable.  It is evident that about 297.5 ha of vegetation cover is lost annually to various processes
of urban transformation and Kaduna town is expanding at the rate of 167.8 ha annually since 1990. This
implies that within the study area, the vegetation covers will be completely lost in few years from now. The
implication of this rapid loss in vegetation covers and expansion of built-up area is the thermal properties of
built-up land surfaces result in more solar energy being stored and converted to sensible heat and the removal
of vegetation covers reduces those natural cooling effects of shading and evapotranspiration. 

The average ambient temperature in urban areas is generally 2 – 3 degrees higher than in non urban area
(Nowak et al, 2002), which can cause discomfort and even health risks in locations such Shanghai in China
(Zhou et al, 2004, Ifatimehin, 2007) The exposure of the soil to surface run-off would perhaps make erosion
to increase steadily (Jimoh, 2003). Also in no distance time run off will increase thereby exacerbating the
occurrence and impact of flood disaster beyond the River Kaduna floodplain to the interior of the town. 

Conclusion

This study exploits the possibility of Remote Sensing and Geographical Information Systems (GIS)
techniques in the drive towards sustainable environmental development with particular respect to urban
expansion, vegetation lost and also on the exploitation of other environmental natural resources.

In this some of the major findings include:

C There has been fast transformation of savannah vegetation, range land, wetland vegetation cover to other
land uses such as bare lands and built-up area.

C Bare lands and Built-up area have increased more than any other land uses.
C Bare lands and Built-up area have increased in all directions with most of built up expansion in both the

northern and southern part of the town.
C The study reveals that about 297.5 ha of vegetation cover is lost annually and the built-up area is

increasing at 167.86 ha annually. 
C Expansion of the urban area is highly related to the socio-economic and industrial potentials of the town.
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Finally despite the fact that lost of vegetal cover to urban expansion cannot be totally halted, but
sustainable planning and management will go a long way towards reliable and sustainable way of protecting
the vegetation cover which always serves as the ecosystem service provider to the urban centres and also
policy makers should incorporate afforestation and establishments of green belts and parks into the town
planning schemes.
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