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Abstract

This project analyzes satellite images from 1976, 1985 and 2000 of Dutse, Jigawa
state, in north-western Nigeria. The analyzed satellite images were used to
determine land-use and vegetation changes that have occurred in the land-use
from 1976 to 2000 will help recommend possible planning measures in order to
protect the vegetation from further deterioration.
Studying land-use change in north-western Nigeria is essential for analyzing
various ecological and developmental consequences over time. The north-western
region of Nigeria is of great environmental and economic importance having land
cover rich in agricultural production and livestock grazing. The increase of
population over time has affected the land-use and hence agricultural and
livestock production.
On completion of this project, the possible land use changes that have taken place
in Dutse will be analyzed for future recommendation. The use of supervised
classification and change detection of satellite images have produced an economic
way to quantify different types of landuse and changes that has occurred over
time.
The percentage difference in land-use between 1976 and 2000 was 37%, which is
considered to be high land-use change within the period of study. The result in
this project is being used to propose planning strategies that could help in
planning sustainable land-use and diversity in Dutse.
Key words: change detection, satellite images, land-use, land cover, Dutse,
Jigawa, supervised classification, livestock, sustainable.
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1 Introduction

The need for sustainable land-use planning cannot be underestimated since an
environment badly planned will have a long term effect on the users. Planning can
be traced back to early civilization when men engaged themselves in planning
what to eat, where to live, what to cultivate and so on. Subsequently, urban
expansion and population growth will see the growth of the urban area to about
70% by 2025 and will affect areas that has not been effectively planned (KollSchretzenmayr et al. 2004).
There is a need for studying landuse changes in order to have a comprehensive
plan over the landuse area for future planning towards sustainability. The use of
landuse detection tools which helps involves multi-temporal data sets, can help to
discriminate different areas of land cover changes that has occurred between
different years in an imaging (Lillesand et al. 2004).
Previous studies have been carried out in different part of Africa, and other parts
of the world to analyze satellite images and detect landuse changes which is very
essential in planning. Jovanovic et al. in 2007 used Erdas imaging to analyze
landuse change in the area of Vojvodina in Serbia. In their analysis, Landsat
ETM+ and TM between 1987 and 2000 data were used. They investigated the
landuse change for forest, agriculture urban, and water bodies using supervised
classification. In their results, there was a decrease in water, forest and urban
settlement, but an increase in agricultural area.
In 2003, Goetzke et al. analyzed Landsat satellite images between 1975 and 2005
over north Rhine-Westphalia in Germany. The need for the analysis was as a
result of urban sprawl and growing human population which has induced
consumption of land in the area. In their analysis, they used unsupervised
classification to group the classes. It was realized during their analysis that much
grassland and agricultural areas had been used-up.
The use of satellite images in detecting land-use changes and planning is now
being used in most part of Africa. Kundu et al. (2004) analyzed and detected land
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cover and land-use changes that have occurred in eastern Mau in Kenya over 40
years. The area acts as water catchments for the lake Nakuru basin where wheat,
barley and dairy products were produced. The area was originally covered by rich
high vegetation of evergreen forest. In analyzing the change in land-use and land
cover, photos of the eastern Mau from 1964 and 1969, spot image of 1987,
Landsat image of 1989 and ground survey of (2003) were used. In the result of
their analysis, deforestation, land fragmentation, cultivation of wetlands and rapid
increase in human settlements has caused a decrease in the land cover from forest
to agricultural land.
The use of remotely sensed data and GIS technologies has also helped in detecting
land-use changes in the National park of Ghana. A research carried out by
Twumasi et al in 2002 using Landsat TM and ETM+, showed that there was
deforestation in the National park of Ghana caused by the lake Volta, human
settlement, extension of illegal farming activities e.t.c. The results of the analysis
were used as a guide in proposing planning policies that could help mitigate the
land-use change in the National park.
Despite the great economic importance of the north-western region of Nigeria
with agricultural and livestock production, there is a great neglect to the
deteriorating state of the vegetation. Previous studies by Dr Raji in 2004 showed
an increase in land-use in the north-western part of Nigeria. It has been difficult
for Nigerians to access satellite images in the past, but with the launching of
Nigeria SAT-1 in 2003, it will be much easier to obtain satellite images for
effective land-use mapping and planning.
For the purpose of this project, Landsat 4 and 7 TM satellite images were obtained
and analyzed to determine the change in vegetation over the area of study. The
images, 235 km by 213 km over the area of study for this project were obtained
from the Landsat home page http://www.landsat.org/org/index.htm. The satellite
images over the area of study were obtained from the WRS II path/row 188052
and WRS I 20252, and the images used for the analysis were of the year 1976,
1985 and 2000. The 1976 image has six bands and the 1985 image seven bands.
The 2000 image is equivalent to the 1985 image except that it has nine bands.
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The original satellite images were reduced to 114 km by 148 km to cover the
specified area of the project.
In actualizing this project, geographic information systems (GIS) was used with
the help of Erdas software in stacking the image layers, analyzing and interpreting
the images using supervised and unsupervised classification and change detection
in order to determine the land-use changes
1.1

Aims of the project

The aim of this project is to analyze the land-use change that has occurred in
Dutse Jigawa state Nigeria from 1976 to 2000 in order to find out the percentage
change in vegetation and determine if the changes have increased or decreased. In
actualizing this, supervised classification as well as change detection analysis will
be carried out on the satellite images.
The results obtained from the image classification will be used to distinguish
differences between the supervised and the unsupervised classification while the
results from the change detection analysis, will be used to determine the
percentage change in vegetation between 1976 to 2000 in the area of study.
1.2

About Nigeria

Nigeria is located in West Africa with latitude and longitude100.00´ N and 80.00´
E. The country has an area of 923 770 km2, land area of 910 770 km2, and water
area 13 000 km2 (Wikipidia free encyclopedia 2007c).
Nigeria presently has 36 states with Abuja as the federal capital city. Nigeria has a
population of about 131.9 million people after the 2005 census (Oluwatosin
1999). Figure 1 shows map of Nigeria with some of the 36 states and the federal
capital territory Abuja.

5

Abuja,
capital of Nigeria

Figure 1: Location of Abuja on the map of Nigeria, Source: Wikipidia the free encyclopedia 2007c

1.3

Description of the study area

The study area for this project Dutse is located in Jigawa state. Jigawa state is one
of the thirty-six states of Nigeria, located in the north-western part of the country
with its capital city as Dutse. Figure 2 shows a map of Nigeria with the red area
indicating the location of Jigawa state.
The state has latitude and longitudes between 11°N and 13°N and longitudes 8°E
and 10°35'E. Jigawa had a population of 2 829 929 million people as of the 1991
census and increased to 4 988 888 million as of the 2005 census. Jigawa covers an
area of 23 154 km2 making it the 18th largest area in Nigeria. The state was carved
out of Kano state on the 27th of August 2007 and it has 27 local government
councils (Wikipidia the free encyclopedia 2007b)

Location of Jigawa State
on the Map of Nigeria

Figure 2: Location of Jigawa, Source: Wikipidia the free encyclopedia 2007b
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The people of Jigawa state are mainly farmers producing food crops like maize,
millet, guinea corn and cash crops like cotton and groundnuts. Most part of the
state is covered by Sudan savanna and the southern part of the state has guinea
savanna. Jigawa state is not characterized with forest cover is below the national
average of 14.8%. The small forest in Jigawa has been destroyed by human and
natural factors (wikipidia the free encyclopedia 2007b).
Dutse which is the area of case study of this project is the 4th largest city in Jigawa
state having a population of 17 697 million inhabitants (wikipidia the free
encyclopedia 2007d). The location of Dutse is shown on figure 3 below.

Red spot on map shows
location of Dutse

Figure 3: Location of Dutse in Jigawa State, Source: Wikipidia the free encyclopedia 2007
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2 Materials and methods

The monitoring of earth resources using traditional survey techniques is time
consuming. Unlike the traditional survey method were surveys are directly carried
out manually in the field, remote sensing employs the use of electromagnetic
energy, light heat and radio waves in its measurements (Sabins 1996).
2.1

Data

The original satellite images used for this project were Landsat TM (Thematic
Mapper) from the Landsat home page http://www.landsat.org/ortho/index.htm.
These images are representations of the available features and land covers over
the particular area covered. The images consist of different bands and each band
register wavelengths that are used for different purposes. Tables 1 to 3, shows the
basic characteristics of Landsat TM for the three images.
Table 1: Different bands, wavelengths, colors main purpose and resolution of 1976 satellite image

Band

Wavelengths

Color

1

0.45-0.52 μm

Blue

Main Purpose

Resolution

Maximum penetration of water, 30m
which is useful for bathymetric
mapping in shallow water, useful
for

distinguishing

soil

from

vegetation and deciduous from
coniferous plants
2

0.52-0.60 μm

Green

Matches green reflectance peak of 30m
vegetation, which is useful for
assessing plant vigor

3

0.63-0.69 μm

Red

Matches a chlorophyll absorption 30m
band

that

is

important

for

discriminating vegetation types
4

0.76-0.90 μm

NIR

Useful for determining biomass 30m
content

and

for

mapping

shorelines
Note, NIR = Near Infrared, MIR = Mid Infrared, TIR = Thermal Infrared
Source: Sabins (1996, p74)
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Table 2: Different bands, wavelengths, colors main purpose and resolution of 1985 satellite image

Band

Wavelengths

Color

1

0.45-0.52 μm

Blue

Main Purpose
Maximum

Resolution
of 30m

penetration

water, which is useful for
bathymetric

mapping

in

shallow water, useful for
distinguishing

soil

from

vegetation and deciduous
from coniferous plants
2

0.52-0.60 μm

Green

Matches green reflectance 30m
peak of vegetation, which is
useful for assessing plant
vigor

3

0.63-0.69 μm

Red

Matches

a

absorption

chlorophyll 30m

band

that

is

important for discriminating
vegetation types
4

0.76-0.90 μm

NIR

Useful

for

determining 30m

biomass content and for
mapping shorelines
5

1.55-1.75 μm

MIR

Indicates moisture content 30m
of

soil

and

vegetation.

Penetrates thin clouds, and
provides

good

contrast

between vegetation types.
6

10.40-12.50 μm

TIR

Nighttime images are useful 120m
for thermal mapping and for
estimating soil moisture

7

2.08-2.35 μm

MIR

For

mapping

hydrothermally
rocks

associated

altered 30m
with

mineral deposits.
Source: Sabins (1996, p74)
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The 2000 has two extra bands. These bands represent bands 6 and 8. Table 3
shows the different bands, wavelengths, colors, main purpose and their resolution.
Table 3, wavelengths, colors main purpose and resolution of bands 6 and 8, in satellite image 2000

Band

Wavelengths

Color

6

10.40-12.50 μm

TIR

Main Purpose

Resolution

Cloud detections
60m

8

0.52-0.90 μm

Panchromatic

Large area mapping
and

urban

change 15m

studies
Source: Boggione et al. (2003)

2.2

Stacking layers

In the image preparation, the 1976, 1985 and 2000 images obtained from the
Landsat home page were in .tif format. Although these files are readable by Erdas,
they are individual bands that have to be stacked together in order to obtain an
image file with all bands in one image for Erdas software to be able to read the
image and use it for analysis.
The stacking of the .tif files was achieved by using a model maker as shown in
figure 4. The model is obtained by clicking on Modeler in the Erdas software. The
model maker tools are then used to produce the required icons: input icon,
function icon and output icon. The input icons contains the different bands of the
.tif images arranged sequentially from band 1 to the last band depending on the
number of bands in the image, the function icon is used for the calculation of the
image stacking as while the output icon contains the final stacked image file with
all layers. Further help on the use of model maker can be found in the Erdas help.
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Figure 4, model maker for stacking images

2.3

Subsetting images

Since Landsat satellite images usually are large images with different layers
covering a particular area of interest over a specific period of time, raw images
need to be processed before they can be analyzed to achieve the desired results.
For example, the images might be covering areas that are not of interest to the
particular area of interest. Therefore, there is a need to process the images to cover
only the specified area of interest in order to enhance productivity and better
handling.
The preparation and cropping of the images to cover the specified area required
was achieved using subset under data preparation in Erdas software. The subset
window was used to control the specific three images used for this analysis to
ensure that they are covering the same area. The original area of the three satellite
images was 236 km by 213 km. This covered area was not of interest to this
particular project. The three satellite images were cropped to an area of 114 km by
148 km.
2.4

Image and edge enhancement

Image enhancement techniques help to improve the quality of the image and
increase the possibilities of image interpretation. Landsat images have intensity
values ranging from 0 to 255 in its different bands but the satellite sensor can
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record this intensity values within a shorter spectral range, for example 5 to 100
(Sabins 1996).
There are different ways in which an image can be enhanced which includes
contrast stretching, histogram equalization, and standard deviation stretching.
Stretching an image usually helps to increase the contrast of the image and it is
automatically applied to images using Erdas software unless the user chooses not
to stretch the images. With histogram equalization, the darkest pixel is assigned
the value 0 (black) while the highest value is assigned 255 (white) hence
spreading the intensity values between 0 and 255 (Sabins 1996).
Histogram equalization was chosen as the image enhancement method for this
project.

The

histogram

equalization

can

be

controlled

using

interpreter/radiometric enhancement, and then histogram equalization to display
the window used for the image enhancement. The differences in the pixels are
compensated for to produce uniformly distributed pixels along the output axis
(Sabins 1996). The number of bins which is 256 helps to specify the distance with
which the image is to be stretched.
The histograms of the images were stretched between 0-255 to increase the grey
levels. Figure 5 a-f, shows the result of the histogram equalization of layer 1 in the
three images. The histograms of the other bands in the images are also affected
when the image is stretched.

Figure 5a: 1976 non-stretched histogram
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Figure 5b: 1976 stretched histogram

Figure 5c: 1985 non-stretched histogram

Figure 5e: 2000 non-stretched histogram

Figure 5d: 1985 stretched histogram

Figure 5f: 2000 stretched histogram

Edge enhancement of an image can be carried out by increasing the intensity
value differences across feature, or expanding the width of the linear feature
(Sabins 1996). By the application of digital filter, the edges of objects in the
image are enhanced (Sabins 1996). ``In reality, edged enhancement only increases
the perceived sharpness. It actually makes the picture less detailed because fine
details are covered by the resulting "halo" artifacts. As such, purists swear off the
filter as something that ruins a picture and only makes it look appealing on lowend displays ´´ (wikipedia the free encyclopedia 2007a). The light pixels become
lighter and the dark pixels darker in the boarders. This image can not be use for
further digital analysis because the information has been changed.
In this project, edge enhancement was carried out on the three images to
determine the difference between edged enhanced images, and the original
images. This is achieved using Interpreter/Spatial Enhancement/Convolution. The
convolution window is used to control the image edge enhancement.
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2.5

Image classification

Classification of an image involves sorting the image pixels into a specified
number of classes or categories based on the intensity values of the data file.
Images can be classified in two ways which includes unsupervised and supervised
classification (Lillesand and Kiefer 1999).

2.5.1

Unsupervised classification

The classification of images using the unsupervised classification method is a fast
method but do not give the exact classes that are required (Lillesand and Kiefer
1999). Unsupervised classifications do not utilize training areas as its base for
classification; instead it uses algorithms which examine the unknown pixels in an
image. These pixels are then aggregated together into a number of classes based
on the natural grouping or clusters present in the images spectral class (Lillesand
and Kiefer 1999).
Erdas software was used to perform the unsupervised classification. This is
achieved by clicking on Classifier/Unsupervised classification and the
unsupervised classification window to be used for controlling the classification is
displayed. In the classification window, the number of needed classes is specified
and the maximum number of iterations is specified. The number of iterations
helps to ensure that the operation approximates the desired result more closely
when it reaches the specified iteration.
The unsupervised classification can be controlled by opening the classified
satellite image raster attribute table as shown in figure 6 below. In the raster
attribute table, the parameters are arranged in order to easily see the class names
and colors. By assigning different colors, the classified area is displayed on the
satellite image and the class name is specified.

Figure 6: Attribute table
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In the unsupervised classification, the overall classification is automatically
carried out by grouping all pixels in an image into land cover classes in which
they belong (Lillesand and Kiefer 1999). To improve unsupervised classification,
it is advisable to create a lot more classes than needed and put classes containing
similar types of objects together into preferable classes.

2.5.2

Supervised classification

Supervised classification is unlike the unsupervised classification. In supervised
classification, training areas are manually digitized for each class and the statistics
of the training area are calculated with the Erdas software deciding which raster
cell belongs to which class.
The signature editor in Erdas software is used to control the supervised
classification of an image followed by an evaluation control. Training areas are
manually created by the user around the areas of interest and the areas created are
assigned classes in the signature editor. Figure 7 shows example of training areas
created around the rainfed agriculture, shrubs and city.
A

B

C

A, rainfed agriculture, B, shrubs, C, cities
Figure 7: Training areas around the areas rainfed agriculture, shrubs and city

When the response characteristic is plotted against the wavelengths of a certain
cover type, the spectral signature of that cover is determined. Figure 8 shows the
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spectral signatures. By comparing the responses of different features, we may be
able to distinguish between them, but might not be able to if compared at one
wavelength.

Rainfed
Agriculture

Shrubs
Floodplain
Reservoir
Cities

Lake
Figure 8: Spectral signature

On completion of the training areas, pixels of the raster cells were automatically
grouped together as one class by the Erdas software. Figure 9 shows part of the
training areas.

Figure 9: Training areas

The training areas make up different classes of the same features which needs to
be merged together to form individual classes. The Thematic Recode window as
shown in figure 10 is used to merge together all sub classes.

Figure 10: Thematic recode window
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The different single classes are assigned their corresponding names and colors.
These names and colors are saved and coupled with the satellite image so they
remain permanent in the attribute table and can be assessed any time needed. The
land-use map used as a guide for the classification is shown in figure 23 in the
appendix.
2.5.3

Classification evaluation

On completion of the supervised classification, the percentage of accuracy of the
classification was determined. In the manual method of classification, field survey
may be needed and compared to the land use map to determine the accuracy of the
classification which might be time consuming. Erdas software can be used to
determine classification accuracy in a much faster method rather than visiting the
study area directly. In the classification, 145 reference points were considered.
The accuracy of the classification was 90.34%.
Table 4: The percentage accuracy table
Class name

Reference totals

Classified

Number

Producers

Users

totals

Correct

accuracy

accuracy

Class 0

0

0

0

----

Class 1

2

2

2

100.00%

Class 2

2

0

0

----

----

Class 3

5

0

0

----

----

Class 4

22

23

22

100.00%

95.65%

Class 5

88

97

86

97.73%

88.66%

Class 6

5

0

0

----

----

Class 7

21

23

21

Totals

145

145

131

100.00%

---100.00%

91.30%

Overall classification accuracy = 90.34%
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2.6

Change detection and vegetation index calculation

In change detection, multitemporal data sets are used to discriminate areas of land
cover change that has occurred between dates of the imaging (Lillesand et al.
2004). The change detection calculation was analyzed in order to know the
percentage change in vegetation index of the images.
Since the images are from different dates, the atmospheric conditions have been
different leading to systematic differences of the images’ pixels values. Therefore,
first step in calculating change detection is to compare the intensity mean value of
the images. The average intensity values of each band have to be the same for all
images before the calculation. Table 5 is the original intensity values of bands 1 to
4 of the images that were used for the change detection calculation (Sabins 1996).
Table 5: Original intensity mean values of 4 bands

Band Number

Mean intensity values

1976 Image

1985 Image

2000 Image

1

35.630

130.666

95.909

2

48.344

62.363

88.966

3

56.130

83.133

91.184

4

49.382

91.252

97.719

To ensure that the intensity mean values are the same in the three images, the
intensity mean values of one image has to be chosen and the intensity values of
the other two images computed so that the three images will have the same
intensity mean values. This is manually calculated by adding or subtracting the
mean values of one image with another as shown in table 6.
Table 6: Calculated intensity mean values of 4 bands

Band Number

Mean intensity values

1976 Image

1985 Image

2000 Image

1

+95.036

130.66

+34.757

2

+14.019

62.363

-26.603

3

+27.003

83.133

-8.051

4

+41.870

91.252

-6.467
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The use of model maker in Erdas software can be used to achieve this image
computation to produce images with similar intensity mean values as shown in
figure 11. The model consists of four input icons, four function icons were
intensity values are added to or subtracted to according to table 6 and four output
icons. The model also consists of one extra function icon and one output icon for
stacking the layers into a final image.
For calculation of vegetation change, bands 3 and 4 are the only bands that are
usually considered. This is because these bands are mainly use to detect healthy
vegetation and the amount of crop biomass. Bands 1 and 2 were added to the
calculation because it is an advantage to do the same when comparing the images
visually.

Figure 11: Model maker used in the computation of the vegetation mean intensity values

The vegetation index was computed to be able to determine the percentage change
in vegetation that has occurred between 1976 and 2000. The formula used in the
calculation of vegetation index is
Vegetation index = The near infrared band 4 – the red band 3
the near infrared band 4 + the red band 3.
The calculation of vegetation index helps to determine the percentage difference
in vegetation between the images. The use of Erdas software in the calculation
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could be achieved using a model maker consisting of two Input icon, one Function
icon and one Output icon. The vegetation index of 1976 image was computed
against 1985 image to determine the change in vegetation.
To determine the final change in vegetation between 1976 and 2000, the
difference in vegetation change of both images were computed using a model
maker. In calculating the difference in vegetation change, the vegetation index
1975 was subtracted from the vegetation index 1985, and finally vegetation index
1975 subtracted from vegetation index 2000 using the model maker.
The result of the vegetation index computed with the 2000 vegetation will help to
determine the final change in vegetation from 1976-2000. The model maker used
in the calculation of the difference in vegetation index is shown in the appendix
figure 20a and the equation used in the function icon is shown in figure 20b in the
appendix.
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3 Intermediate result

Before arriving at the final result, some intermediate results were obtained during
the processing and handling of the different images, and these results contributed
to the actualization of the needed analysis to obtain the final result.
3.1

Stacked and cropped images

The satellite images were stretched using same the coordinates for all layers 1976,
1985 and 2000. The satellite images produced after stacking covers areas that are
not of importance to the project work. Therefore, the satellite images were
cropped in order to contain specifically the needed area for the project. Figure 12b
is the result of the reduced satellite image of 1976 after processing. Similar
methods were applied to the other images and the results obtained are shown in
the appendix figure 21a and 21b.

Figure 12a: 1976 original image

3.2

Figure 12b: Cropped 1976 image over area of study

Image and edge enhancement

The image enhancement helped to improve the interpretability or perception of
the information in the images for human viewers. The quality of the original
image is improved after the enhancement and makes it much easier for the viewer
to understand. Figure 13a and b, shows 1976 original satellite image, and the
enhanced image.
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Figure 13a: 1976 satellite image

Figure 13b: 1976 enhanced satellite image

The edged enhanced image appears crisper than the original image. Figure 14a is
the 1985 satellite image and figure 14b is the edged enhanced image of same
satellite image. The area circled with red color was used to differentiate results in
both images. In figure 14a which is the original image of 1985, the area circled
seems a little dark, and on figure 14b of same satellite image, the same area
becomes brighter after edge enhancement. Image enhancement was applied to the
three images. The enhanced imaged of 1976 and 2000 are on the appendix as
figure 22c and 22d respectively. Note that the edged enhanced images have not
been used for classifying the images. They are only used for visualization
purpose.

Figure 14a: 1985 original satellite image showing an area before edge enhancement

22

Figure 14b: Edged enhanced 1985 satellite image showing the same area after enhancement

3.3

Unsupervised classification

The unsupervised classification was carried out using 6 and 21 classes. The
purpose of using these two different numbers of classes was to show the
difference in results when using more classes.
The use of few classes in unsupervised classification usually does not give a good
result because classes with similarities are classified together as an individual
class. Figure 15 is an image classified using 6 classes. In the result, some of the
swamps were classified as reservoirs. The yellow circles indicate areas were
swamp exist.
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Class belonging to swamp but classified as lake
Figure 15: Classification using 6 classes showing classes belonging to swamp, classified as lake

The classification using 21 classes as shown in figure 16 (over the same area as
that on figure 15 with 6 classes) shows that the use of more classes can be
distinguished.
The same circled area on figure 15 as indicated on figure 16 shows that the area
classified as lake in the classification using 6 classes, was actually swamp with
classification using 21 classes as shown on figure 16 with red circle. One
disadvantage of unsupervised classification is that when few classes are specified
other classes that are not specified are grouped along side other pixels having
similarities and classified as same class. The result obtained from unsupervised
classification can not be completely trusted as pixels are not completely grouped
in their actual classes.
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Area showing class of swamp initially classified as lake when using 6 classes
Figure 16: Classification using 21 classes showing actual classes of swamp

3.4

Vegetation index

The vegetation index calculation was carried out on the images to analyze the
amount of vegetation that has been changed from 1976 to 2000. The results as
shown in figure 17, for the three images are intermediate results that were used to
determine the final vegetation change that has occurred over the period of study.
From the vegetation index images, the bright areas indicate areas with fresh
vegetation while the dark areas are areas with no vegetation. The percentage of
vegetation lost can then be calculated.
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Figure 17a: Vegetation Index 1976

Figure 17b: Vegetation Index 1985

Figure 17c: Vegetation Index 2000
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4 Final result

4.1

Supervised classification

The supervised classification result as shown in figure 18 was achieved with the
use of training areas to classify pixels of similar values into same classes. The
supervised classified may not be perfectly accurate, but it is better than the
unsupervised where some unwanted results were revealed, like areas of swamp for
example.

Figure 18: Supervised classification

In the supervised classification, areas that were difficult to distinguish from each
other in the unsupervised classification could now be easier to differentiate
because the user defined the wanted classes by making appropriate training areas.
Some of the areas that were been recognized as lake in the unsupervised
classification are not completely lake as some class belongs to swamp. Areas like
reservoir as shown with yellow circles were revealed in the supervised
classification because the user decided to show it.
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Unsupervised classification using more classes can help to obtain a better
classification but the results are not as accurate as when using a supervised
classification.
The result of the supervised classification may not be completely perfect as a
result of clouds in the satellite image or errors that might have arise during the
computation of training areas.

4.2

Vegetation index

In the result of the vegetation index calculation, the areas with much vegetation
were classified to one and the areas with little or no vegetation were classified to
another class.
Figure 19a shows the vegetation index between 1976 and 1985. The percentage
change in vegetation was 18%. This showed that the available vegetation was still
high.

Figure 19a: Vegetation change 1986, circled area with bright pixels indicates increase in vegetation
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To determine the final change in vegetation, the vegetation change between 1976
and 2000 was computed. This was to determine if there has been an increase or
decrease in the vegetation between 1976 and 2000.
Unsupervised classification was used to determine the percentage change between
the 1976 image and 2000. From the result analysis the percentage change in
vegetation from 1976 to 2000 is estimated at 37%, indicating a decrease in the
vegetation. Figure 19b shows the final image of the percentage change between
1976 and 2000.

Figure 19b: Vegetation change 2000, circled area with dark pixels showing a decrease in vegetation

From the final result of the change in vegetation, it could be visibly observed that
some of the bright areas that were visible in the vegetation change image of 1985
have been turned dark in the 2000 change vegetation image. A noticeable area
was indicated using a red circle on the change in vegetation image of 1985 and
2000. This shows that between 1985 and 2000, the vegetation in the area has been
used up and there is little or no vegetation available.
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5 Discussion

The use of Erdas software has proven to be an efficient tool in land use analysis.
The software may not be limited only to land use determination as it may be used
for other purpose. This can be exploited by interested researchers as this project
was limited to land use mapping. The satellite images usually are very difficult to
analyze without the availability of land use map for comparison.
Visitation of the actual area of study would have a great positive impact on this
project as image classification was based on land-use map provided by Mr.
Fashola M.J, and Omojola A.S, but the land-use classification was not detailed
enough for better understanding and interpretation and did not cover the entire
area of study hence making it impossible to use as a complete reference when
classifying some parts of the image. Community opinion was also not put into
consideration in making planning recommendations for sustainability in this
study.
Over population and concentration on agriculture is a major force in land use
change over the area of study. Overgrazing has also affected land use in Jigawa
state and this conform to the earlier studies carried out by Dr Raji in 2003. In his
studies, he has specified that rainfed agriculture accounted for about 50% of the
total land use in north-western Nigeria. This is the case with Jigawa state which is
also a part of the north-western part of Nigeria with 37% of the vegetation been
used up since 2000.
Dr Raji’s (2004) carried out a similar study in 2003 over the same area. However,
he used Nigeria sat 1 images which have not been used for comparison in this
analysis. In his analysis using satellite images of 2003, the north-western region of
Nigeria is decreasing in vegetation and he recommended that proper planning
strategies should be made to avoid further loss in vegetation. Need for more recent
studies over the north-western region of Nigeria with recent satellite images will
help determine if the vegetation is regaining or depreciating. If this is not done,
there will be continual lost in vegetation in Jigawa state and other north-western
regions of Nigeria and the states that are known for high agricultural produce and
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animal grazing might end up with no or little agricultural products in years to
come.
In the classification of images, it was observed that both the supervised and
unsupervised classifications have their disadvantages and advantages. Supervised
classification is not necessarily better than unsupervised classification just that
both classification methods use different strategy. The unsupervised classification
needs less human interaction and runs quickly. With a lot of classes in the
unsupervised classification, the image can be classified and used as a reference for
supervised classification. The combination of the unsupervised and supervised
classifications could possibly yield a better result.
By looking at the result of the change in vegetation analysis, it can be visibly
observed that some bright areas which indicated healthy vegetation in the 1985
image are now dark in the 2000 image. This indicates that the vegetation around
that area has been used up. During previous method of land-use classification in
Nigeria, observation can only be certified through field survey to analysis the
vegetation changes. With the availability of software’s, percentage change in
vegetation can be computed without any direct contact to the area of study.
The deterioration in land use might be caused by human factors like bush burning
and overgrazing, and natural factors like earthquakes and landslides. Humans
have more impact on land-use more than natural factors. The result obtained
corresponds with results obtained by others authors mentioned in this report like
Dr Raji, Roland Goetzke et al. (2003). They have used satellite images and
software’ to determine land-use changes that has occurred over time which helped
in planning the affected areas for sustainability.
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6 Conclusion and recommendation

The mapping of land use changes over a reasonable period of times usually helps
in prospering possible recommendation that could help prevent further misusage
of the land cover type. In an attempt to have a sustainable land use over the area
of study, I have suggested the following recommendations which I hope will be
put into consideration in order to prevent further lost of vegetation in Dutse,
Jigawa state:
1 It is recommended that new study of land use in Jigawa state should be carried
out using much more recent satellite images together with a field survey in order
to determine the change in vegetation.
2 Immediate planning strategies should be designed to regulate the use of land in
Jigawa state for agricultural and other purposes. These planning strategies could
be designed in order to rotate cropping and grazing according to zones, and also
share the land use into different purpose governed by law. This will help stabilize
the land use cover for sustainability.
3 Provision could be made for supplementary jobs in Jigawa state. This will help
reduce the concentration of the citizen in agriculture as a means of survival.
4 The movement of people from neighboring cities to concentrate unlawfully in
Jigawa state could be checked. This can be achieved by creating internal
immigration officers that will occasionally check citizen’s right of stay. This will
help prevent over populations and sustainability of the planning strategies.
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9 Appendix

Figure20a: Vegetation calculation model maker

Figure 21a: 1985 satellite image
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Figure 20b: Vegetation index calculation equation

Figure 21b: 2000 satellite image

Figure 22c: Edged enhanced 1976 image

Figure 22d: Edged enhanced 2000 image

Figure 23: Land use map of Kano-Jigawa state 1989, provided by Fashola and Omojola
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