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Abstract 
 

se of multi-temporal satellite remote sensing data provides effective way of assessing changes in land 

use and land cover over spatial and temporal scales. Satellite remote sensing data for 1986, 1996, 2006 

and 2011 were used to assess changes in land use/land cover (LULC) of an  in Nigeria's semi-arid 

area. Post-classification change detection was also used to assess extent of change, percentage of change and rate 

of change in the area. The results revealed that over study period (i.e. 1986 and 2011),  woodland with an 

estimated land area of about 254.81km2 as at 1986 decreased to about 71.92 km2 in 2011 indicating a loss of 

about 182.89 km2 at an annual rate of 7.32 km2 with 71.78% of loss over the study period.  while water body, 

bare surface, permanent cultivation and built-up areas  shows significant increases. However, between 2006 

and 2011, Built-up areas  also exhibited tremendous increase from 69.95 km2 as at 1986 to 183.93 km2 gaining 

an estimated area of about 113.98 km2 representing about 162.95% of change. Overall rates of changes in LULC 

show much faster rates of changes compared to 1986 and 1996-a situation that resulted a devastating effects on 

the environment. It was concluded that more negative changes have occurred in LULC in the area, facilitating 

further clearance of all forms of vegetation. It was recommended that monitoring of LULC through remote 

sensing and GIS should be institutionalized at local and state levels in order to provide co-ordination in 

environmental monitoring at all levels. Community forest reserves should be introduced and encouraged so as 

to ensure sustainable management of environmental resources. 
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Introduction 

Land use refers to the manner in which the biophysical attributes of the land are manipulated and 

the intent underlying such manipulation for which the land is used, while land cover refers to the 

biophysical state of the earth’s surface and immediate subsurface including biota, soil, topography, 

surface and groundwater, human structures (Meyer et al., 1994; Lambin et al., 2003). Land use change 

U 
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implies the conversion of land use due to human intervention for various purposes such as 

agriculture, settlement, and transportation (Williams, 1994; Meyer, 1994; Turner et al., 1995).  Land 

cover change on the other hand, refers to modification of the existing land cover or complete 

conversion of biophysical cover of the land to a new land cover type (Abebe, 2005).  

 

People have been using and modifying land to obtain food and other essentials for thousands of 

years, current rates, extents and intensities of LULC change are far greater in current times than ever 

in history, For example, the area under crop cultivation in the world has increased globally from an 

estimated 300–400 million ha in 1700 to 1500–1800 million ha in 1990, a 4.5- to fivefold increase in 

three centuries and a 50% net increase just in the twentieth century. The area under pasture increased 

from around 500 million ha in 1700 to around 3100 million ha in 1990 (Ramankutty and Foley, 1999). 

These increases are largely due to population increase-induced intensification in human activities 

such as clearances or conversions of forests cover and the transformation of natural grasslands, 

steppes, and savannas. Forest area decreased from 5000–6200 million ha in 1700 to 4300–5300 million 

ha in 1990. Steppes, savannas, and grasslands also experienced a rapid decline, from around 3200 

million ha in 1700 to 1800–2700 million ha in 1990 (Ramankutty, et al., 2002). 

 

Studies have shown that LULC changes have important environmental consequences at local, 

regional and global scales, with profound implications at regional and global levels particularly for 

global radiation and energy balance, alterations in biogeochemical cycles, perturbations in 

hydrological cycles and loss of biodiversity. Changes at local levels on the other hand have proven to 

have some profound effects on watershed runoff, micro-climatic resources, groundwater tables, 

processes of land degradation and landscape level biodiversity (Lambin et. al. 2003; Steffen et. al., 

2004; Lambin and Geist, 2006; Bewket and Abebe, 2013). Perhaps the most glaringly visible LULC 

changes is occurring in forested areas of the world. The focus of much of the completed research 

works has been on tropical deforestation, which is known to be ‘one of the primary causes of global 

environmental change’ (Bewket and Abebe, 2013). Consequently, much remains to be done on 

documenting the changes in LULC occurring at local scales for many areas outside the tropical forest 

zones.  

 

Nigeria was once covered by extensive vegetation varying from humid tropical forests in the south 

to savannah grasslands in the northern parts (Federal Department of Forestry, 1998). A greater 

percentage of this luxurious vegetation cover has been removed in the course of various human 

activities such as crop cultivation, urbanisation and other forms of developments (FDF, 1998). The 

first forest inventory project that was completed in Nigeria in 1977 put reserved forest at 

approximately 10% of the total land area. Between 1981 and 1985, deforestation, being a fundamental 

land cover change, was estimated at an average rate of 400,000 ha (3.48%), per annum; while between 

1986 to 1990, it increased at an estimated average rate of 3.57%, including the loss of some forest 

reserves (FDF, 2001). Much of the available research information on LULC change in the country 

focussed on forest and sub-humid zones located in the southern parts of the country. Unfortunately, 

over 60% of the country is either dry or dry sub-humid with low or very low vegetation cover but yet 

supporting over 70% of the country’s population.  
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The objective of this study was to use remote sensing and GIS techniques to evaluate LUCC changes 

that have occurred in Nigeria’s semi arid between 1986 and 2011 for which satellite data coverage 

was available for the area.  

 

Materials and Methods 

 

Study Area 

The study was conducted in part of Katsina state ( see Figure 1). It covers a landmass of about 2,377.38 

km2 approximately (or about 9.8%) of the entire state. The area stretched between longitude 70 18’’E 

to 70 55’’E and latitude 120 28’’N to 120 47’’N.  Rainfall is highly seasonal and controlled by the 

irregular movement of the Inter-Tropical Discontinuity (ITD). The mean long-term annual rainfall 

(1906±1985) is 822 mm, which falls during a 5 month rainy season (May-September). Average daily 

temperature is about 360C. During the Hamattan season, daily minimum temperature falls below 

200C.  Between the months of March and May which serve as the peak of the hot season, temperature 

recorded stands about 440C (Ifabiyi and Eniolorunda, 2011). Farming in the area is based on crop, 

livestock and tree production. Generally, the vegetation comprised mainly of few trees and short 

shrubs and grasses. Traditional agroforestry system is being practiced within farmland, tree crops 

such as neem (Azadritcha indica), ParkiaBiglibosa, Adansoniadigitata among others for fruit, fuel wood, 

and browse for animals. Farmlands are over-cultivated and thus threatening the fertility status of the 

soil. Grazing is also a common land use practice in the area. (Mortimore et al., 1990)  
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Methods    

 

Data used 

Table 2.1 describes the Landsat data types utilised for this research. Landsat satellite images were 

used in this research due to its availability through the USGS and GLOVIS websites. The Landsat 

images correspond to path/row 189/051 and have the following characteristics:  

 
  Table  2.1: Landsat satellite data utilized for this study 

 

S./No. 

 

Data 

Spatial 

Resolution 

Time/Dateof 

Acquisition 

 

Source 

1 Landsat TM 30m 3rd April, 1986 NRSC, Jos-Nigeria 

2 Landsat ETM 30m 30th March, 1996 NRSC, Jos-Nigeria 

3 Landsat ETM+ 30m 25th March, 2006 USGS/GLOVIS 

4 Landsat ETM+ 30m 8th April, 2011 USGS/GLOVIS 

 

Other ancillary materials used for data capture, pre-processing and analysis comprised of ILWIS 3.7, 

Idrisi Taiga 16.0, Standard Garmin 78s (GPS) and topographical map (1: 50 000) of the study area. 

 

Ground Truth Exercise 

Ground–truthing was conducted to gather field data useful for the classification and verification of 

the satellite imagery. In this study, ground truth exercise was conducted to collect GCP used for both 

training sample set for the classification and reference data for accuracy assessment. Some of the 

GCPs served as training sample set which were subsequently used for the classification of the most 

recent image of 2011. A useful rule of thumb is 30×n (n = number of bands) (Janssen and Gorte, 2004) 

was applied in this research, A total of 220 GCPs using stratified random technique on the LUC map 

produced through unsupervised classification. 

 

Image Pre-processing  

  

Radiometric and Geometric correction 

The metadata of these images in Idrisi Taiga environment reported zero cloud covers; however, haze 

correction was still performed due to the assumption that haze effect is uniform over satellite images 

(Eastman, 2009), and thus, haze suppression was carried out using Dark Object Subtraction within 

Idrisi Taiga environment. The1986, 1996 and 2006 satellite images were geo-rectified to the most 

recent image of 2011, using image to image re sampling procedure. Bands 4 (NIR), 3 (RED) and 2 

(GREEN) of the Landsat sensor satellite images, considered most appropriate for vegetation 

identification, were used for all images. The images were all geo-referenced to a UTM projection, 

Zone 32 North, (WGS) of 1984 datum (Minna-Nigeria) and Ellipsoid (Clarke 1880).  

 

Image enhancement and transformation 

 

Digital Image Classification 
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Unsupervised Classification 

Unsupervised image classification was carried out to produce a map showing different classes of LUC 

within the study area. This was necessary to guide in sampling on-screen the Ground Control Points 

(GCPs) to be visited during the Ground Truthing data collection exercise. The 2011 image being the 

most current image was used for the unsupervised classification. Therefore, bands 4, 3 and 2 of the 

image were subjected to clustering that produced 5 classes which were labelled using the 

topographical map of the area. Classes obtained are: Bare Surface, Water body, Riparian vegetation, 

Built-up areas, Cultivation, Woodland and Scrubland. For the GT exercise, GCPs were selected as 

aforementioned and uploaded unto the global positioning system (GPS) hand-held receiver. The 

synergy of the GPS instrument and topographical map assisted in locating each GCP during the GT 

exercise. 

 

Supervised classification  

Supervised image classification procedure which to some extent depends on the inputs of the user 

and a priori information of the classes of interest was subsequently performed on the basis of 

identified clustered classes. This procedure identifies homogenous areas or samples of known LULC 

classes which implies that pixels were automatically assigned to known cover classes (Jensen, 1996). 

With the supervised approach, calibration pixels were selected and statistics automatically produced 

for the individual classes of interest. Seed calibration strategy was adopted for this study, because it 

selects spectrally similar pixels. These areas are known as training sites containing numerical 

properties that were used to train the classification algorithm. Thus a classification scheme was 

adopted in this research based on the National Land use/Land cover Project guidelines (2008) with 

seven LULC classes (Table 2). The maximum likelihood classifier (MLC) appeared to be the most 

widely used per-pixel algorithm, and was thus applied in ILWIS 3.     

 
Table 2:   Land use/Land Cover Classification Scheme Adopted 

S/No

. 

LULC Category Remarks 

 

1 

Water body Natural /man-made stagnant water body usually created by damming 

streams. 

 

2 

Riparian Vegetation Forests adjacent /along water courses characterised by dense canopy cover. 

 

3 

Bare surface Exposed rock out crop without vegetation, bare sand surface along river beds. 

 

4 

Permanent Cultivation Small scale subsistence farming usually of house hold or arable crops. 

 

5 

Scrubland Dominantly shrubs with Permanent trees and sub dominant grass 

component. 

 

6 

Built-up areas Settlements such as cities, towns, smaller urban centres and villages. 

 

7 

Woodland Dominantly trees of open canopies, shrubs with sub dominant grass 

component. 

 Source: Ground Truth and Field Validation (2011); NLULCP/NCRS (2008) 
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The tables of the classification results were subsequently compared in post classification comparison 

(PCC) in order to estimate and compute temporal and spatial changes as well as rate and area extent 

of changes among the four satellite images.   

 

Accuracy Assessments  

Classification accuracy centered on the correspondence between a classified data and the actual field 

observations. It was maintained that if results of remote sensing derived LULC maps in post 

classification change detection were to be useful, quantitative assessment of the classification 

accuracy must be performed (Jensen, 1996). Classification Accuracy (CA) in this research was 

determined using Error/confusion Matrix or contingency table. In CA, classified training pixels were 

compared with training (reference data) pixels selected prior to classification. This was done by first 

computing classification accuracy of individual classes in order to estimate user’s accuracy (UA) due 

to commission of classification error and producer’s accuracy (PA) due to omission error as well as 

overall classification accuracy (OCA) of the entire classification exercise. A random stratified 

sampling method was used to create test sites of each LULC class for classification accuracy 

assessment.  

 

Digital Change Detection  

Post-classification comparison (Delta classification algorithm) of classified land use/land cover 

statistics were employed using cross tabulation approach in detecting and assessing for changes of 

the various LULC parameters in this study. The statistics for each of the LULC classes were 

automatically extracted from the classification of the images for each date (1986, 1996, 2006 and 2011) 

separately. These results were copied and exported to Microsoft Excel window for computations and 

determination of areal extent of each LULC class, based on which extent of change, annual rate and 

percentage of change in LULC among the four different data sets as well as the pattern of changes 

(positive or negative) in each land use/land cover type between 1986 and 1996, 1996 and 2006, 2006 

and 2011 as well as between 1986 and 2011 were statistically estimated and compared. Annual Rate 

of Change was estimated by the formula adopted from Chen, (1998); Wang and Buo, (1999) as:         

 

K=
𝐔𝐛−𝐔𝐚

𝐔𝒂
х
𝟏

𝐓
х 100 

 

where, K represent the change rate for a single land use/land cover type (in percentage), Ua and Ub 

represent the areas of the land use/land cover type at the beginning and at the end for a period, 

respectively. T is time intervals (in years) betweenUaandUb. 

 

Results and Discussion 

 

Rates and Extent of Changes in LULC in 1986 and 1996 Periods 

Variable annual rates of change in land use/land cover types were noticed in the study area within 

this period. It could be noticed from table 3.1 that scattered cultivation and Scrubland had the highest 

annual rate of change within this period having 45.20 km2 and 42.77 km2 respectively. Similarly, it 

could also be observed from table 5.5 that Water body, Bare sand surface, Permanent cultivation and 
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Built-up areas had increased over the ten year period by 2.75 km2, 29.79 km2, 452.01 km2, and 37.81 

km2 with annual rates of 0.275 km2, 2.979 km2, 45.201 km2, and 3.781 km2 respectively. However, the 

same table 5.5 also revealed that Riparian vegetation, Scrubland, and Woodland had decreased by 

27.78 km2, 427.70 km2, and 78.86 km2 with annual rates of 2.78 km2, 42.77 km2 and 7.886 km2 over the 

ten year period respectively. 

  
Table 3.1:   Land use/Land cover Status and Change Statistics (1986-1996) 

 

 

 

 

 

LULC Types 

 

 

 

1986 

(Km2) 

 

 

 

1996 

(Km2) 

Extent of 

Change 

(Km2) 

(1986-1996) 

 

%  Change 

(1986-1996) 

 

 

Annual Rate of 

Change 

(Km2/Annum) 

Waterbody 4.87 7.62 +2.75 56.5 0.28 

Riparian Vegetation 113.77 85.99 -27.78 24.4 2.78 

Bare Sand surface 89.98 128.77 +29.79 33.1 2.98 

Permanent Cultivation 723.60 1175.61 +452.01 62.5 45.20 

Scrubland 1120.40 695.70 -427.70 37.9 42.77 

Built-up areas 69.95 107.76 +37.81 54.1 3.78 

Woodland 254.81 175.93 -78.86 31.0 7.89 

Source : Digital Image classification                 + Indicate increase, and   – Indicate decrease 

 

The case of increase in bare sand surface could be attributed to increased aridity and drought as a 

result of high variability in rainfall condition (i.e. early 1980s) particularly around the northern fringes 

of the area as well as excessive human activities in the study area such as over grazing, and 

widespread wood fuel logging and infrastructural development activities across the state. 

          

Accuracy assessment  
Table 7: Error matrix table comparing digitally classified data with Ground truth data 

 

 

 

 

 

 

Groun

d Truth   

Data 

Digital Classification Data 

  

Bare 

surface 

 

Built-up 

areas 

 

Permane

nt  

cultivatio

n 

 

 

Scrubla

nd 

 

 

Woodla

nd 

 

Water 

body 

 

 

Total 

 

 

Accuracy 

Bare surface 40 03 08 0 0 01 54 0.78 

Built-up 

areas 

02 47 02 0 0 0 51 0.92 

Permanent  

culivation 

10 04 54 0 13 03 86 0.63 

Scrubland 4 2 3 48 07 0 64 0.65 

Woodland 1 03 14 16 50 05 72 0.69 

Water body 2 02 07 0 08 59 76 0.78 

            Total 56 59 85 64 71 68 403 81.3% 

     

Reliability 

0.75 0,79 0.76 0.77 0.70 0.87 79.7  

Overall Accuracy of the classification =76%, Reliability=77.4% 

Source: Ground truthing and Digital Image classification   
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Rates and Extent of Changes in LULC in 1996 and 2006 Periods 

Similar changes in land use/land cover types were noticed in the study area within the 1996 to 2006 

period. It could be noticed from table 4 that cultivation and Scrubland had the highest annual rate of 

change within this period having 32.29 km2 and 30.93 km2 respectively. It could be observed from the 

table that water body, Bare sand surface, Permanent cultivation and Built-up areas had increased  

over the ten year period by 0.72km, 18.46 km2, 322.93km2, and 54.38 km2 with annual rates of 0.07 

km2, 1.85 km2, 32.29 km2, and 5.44 km2 respectively.  

 

 Table 4:   Land use/Land cover Status and Change Statistics (1996-2006) 

 

 

 

 

LULC Types 

 

 

 

1996 

(Km2) 

 

 

 

2006 

(Km2) 

 

Extent of Change  

(Km2) 

(1996-2006) 

 

 

%   

Change 

(1996-2006) 

 

 

Annual Rate of 

Change  

(Km2/Annum) 

Waterbody 7.62 8.34 +0.72 9.45 0.07 

Riparian Vegetation 85.99 72.50 -13.49 15.69 1.35 

Bare Sand surface 128.77 147.23 +18.46 14.34 1.85 

Permanent Cultivation 1175.61 1498.54 +322.93 27.47 32.29 

Scrubland 695.70 386.38 -309.32 44.46 30.93 

Built-up areas 107.76 162.14 +54.38 50.46 5.44 

Woodland 175.93 102.25 -73.68 41.88 7.37 

Source Digital image classification                                              Note: + Indicate increase, and   – Indicate decrease  

 

However, table 4 further revealed that Riparian vegetation, Scrubland, and Woodland had decreased 

by 13.49 km2, 309.32 km2, and 73.68 km2 with annual rates of 1.35 km2, 30.93 km2 and 7.37 km2 over 

the ten year period respectively. The case of increase in the specific LULC types could be due to 

increase in development efforts by Government in the area of water supply and urbanisation across 

the study area.        

 

Rates and Extent of Changes in LULC in 2006 and 2011 Periods 

Unlike other previous epochs in the research having ten-year span, this period had a short span of 

only five years. Despite this, mixed changes and rates were observed and evident from table 5. It 

could be seen from this table that scattered cultivation appreciated in terms of extent, rate and 

percentage of change within this five-year period. It increased from 1498.54 km2 in 2006 to about 

1647.49 km2 in 2011, gaining about 148.95 km2 in spatial extent estimated at 29.79 km2 annual rate of 

increase with a 9.94% of change over this five year period.  

Similarly, Built-up areas manifested increase from about 162.14 km2 in 2006 to about 183.93 km2 in 

2011 gaining about 21.790 km2 at 4.358 km2 annual rates with 13.44% of change. Bare sand surface 

appreciated from 147.23km2 in 2006 to 151.26 km2 in 2011 gaining about 4.03 km2 in five years at an 

annual rate of 0.806 km2 with a percentage of change of 0.6 %. In the same vein, Water body also 

appreciated from 8.34 km2 in 2006 to 8.39 km2 in 2011 gaining about 0.05 km2 in area extent at 0.010 

km2 annual rate of increase indicating a change percentage of approximately 0.59% in this LULC type 

in five years. 
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 Table 5:   Land use/Land Cover Status and Change Statistics (2006-2011) 

 

 

 

 

LULC  Types 

 

 

 

2006 

(Km2) 

 

 

 

2011 

(Km2) 

 

 

Extent  

of Change 

 (Km2) 

(2006-2011) 

 

 

%   

Change 

(2006-2011) 

 

 

Annual Rate of 

Change 

(Km2/Annum) 

Water Body 8.34 8.39 +0.05 0.59 0.010 

Riparian Vegetation 72.50 64.65 -7.85 10.83 1.570 

Bare Sand surface 147.23 151.26 +4.03 2.74 0.806 

Permanent Cultivation 1498.54 1647.49 +148.95 9.94 29.790 

Scrubland 386.38 249.74 -136.64 35.36 27.328 

Built-up areas 162.14 183.93 +21.79 13.44 4.358 

Woodland 102.25 71.92 -30.33 29.66 6.066 

Source: digital image classification  + Indicate increase, and   – Indicate decrease 

 

Conversely, Scrubland manifested alarming decrease rate from 386.38 km2 in 2006 to 249.74 km2 in 

2011, losing about 136.64 km2 of areal extent at an estimated annual rate of 27.328 km2 with 35.36% of 

change over the five-year period. 

Woodland cover also manifested alarming decline from 102.25 km2 in 2006 to about 71.92 km2 losing 

about 30.33 km2 of areal extent at an annual rate of 6.066 km2 with 29.66% of change over the five year 

period. Moreover, Riparian vegetation cover decreased by 7.85 km2 in area extent from 72.50 km2 in 

2006 to 64.65 km2 in 2011 at 1.57 km2 of change annual rate with 10.83% of change in this LULC type. 

 

Rates and Extent of Changes in LULC in 1986and 2011 Periods 

This summarises the entire study period (about 25years). The spatial and temporal changes over this 

period could be deduced from table 6. It could be observed from this table that four out of the seven 

land use/land cover types have increased in spatial extents over the entire study period. Prominent 

among these include permanent cultivation which covered an estimated land area of about 723.60 

km2 (approximately 30.4%) of the study area as at 1986; but increased to about 1647.49 km2 

(approximately 69.29%) in 2011 gaining an estimated land area of about 923.89 km2 in area extent 

over the twenty five year period, with an annual rate of 39.9 km2 and 127.68% overall change in 

cultivation.  

 

This was followed by Built-up areas which also exhibited tremendous increase from 69.95 km2 as at 

1986 to 183.93 km2 gaining an estimated area of about 113.98 km2 representing about 162.95% of 

change, with an annual rate of 4.56 km2. Bare sand surface also exhibited increase in area extent over 

this period from 89.98 km2 as at 1986 to 151.26 km2 in 2011 gaining an estimated land area of about 

61.28 km2 representing about 68.10% of change with an annual rate of 2.45 km2. This might represents 

area lost due to increasing desertification in addition to numerous rock out crops that dotted the 

study area. Water body also exhibited substantial increase in the twenty five year period from 4.87 

km2 as at 1986 to about 8.39 km2 in 2011 gaining an estimated land area of about 3.52 km2 representing 

about 72.28% of change with an annual rate of 0.14 km2. This could be attributed to widespread 
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construction of earth dams across the state to meet with portable water demand as a result of 

increasing population, urbanisation and socio-economic activities.  

 
 Table 6:   Land use/Land cover Status and Change Statistics (1986-2011) 

 

 

 

 

LULC Types 

 

 

 

1986 

(Km2) 

 

 

 

2011 

(Km2) 

 

 

Extent of 

Change (Km2) 

(1986-2011) 

 

 

%  

 Change 

(1986-2011) 

 

 

Annual Rate of 

Change  

(Km2/Annum) 

Water Body 4.87 8.39 +3.52 72.28 0.14 

Riparian Vegetation 113.77 64.65 -49.12 43.18 1.97 

Bare Sand surface 89.98 151.26 +61.28 68.10 2.45 

Permanent Cultivation 723.60 1647.49 +923.89 127.68 36.96 

Scrubland 1120.40 249.74 -870.66 77.71 34.83 

Built-up areas 69.95 183.93 +113.98 162.95 4.56 

Woodland 254.81 71.92 -182.89 71.78 7.32 

    Note:  + Indicate increase, and   – Indicate decrease 

 

Conversely, other land use/land cover types manifested alarming decline in areal extent across the 

study area over the research period. Scrubland covered an estimated land area of about 1120.40 km2 

in the study area as at 1986 decreased to about 249.74 km2 in 2011, losing about 870.66 km2 of its 

original coverage at an annual rate of 34.83 km2 representing 77.71% of loss over the twenty-five 

period of the study. Similarly, Similar trend could be seen in the Riparian vegetation which covered 

an estimated land area of about 113.77 km2 in 1986, but later decreased to 64.65km2 in 2011 revealing 

a loss of about 49.12 km2 at an annual rate of 1.97 km2 implying 43.18% loss of this land use/land 

cover type over the study period.   

 

Assessment of classification accuracy 

Classification accuracy was assessed using error matrix, including the overall accuracy and reliability 

of the classification of statistics. The number of reference pixels is an important factor in determining 

the accuracy of the classification. An equalized stratified random sampling approach was used to 

assess the accuracy of each of the seven land cover classifications of each date. Using the simple 

descriptive statistics technique, overall accuracy is computed by dividing the total correct by the total 

number of pixels in the error matrix (Geymen and Baz, 2008). These values are based on a sample of 

error checking pixels of known land-cover that are compared to classifications on the map (Sharma 

et al., 2011). Accuracy assessment of the classified land-cover maps in this research was based on 

reference data, and visual inspection of topographical map. Accuracy assessments of land-cover maps 

were carried out using Idrisi Taiga 16.0 version by randomly selecting points and the results were 

recorded in an error (confusion) matrix. The overall accuracy and reliability for the most recent image 

(2011) are presented in Table 7 
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Table 7: Error matrix comparing digitally classified data with Ground truth data 

 

 

 

 

 

 

Groun

d Truth   

Data 

Digital Classification Data 

  

Bare 

surface 

 

Built-up 

areas 

 

Permane

nt  

cultivatio

n 

 

 

Scrubla

nd 

 

 

Woodla

nd 

 

Water 

body 

 

 

Total 

 

 

Accuracy 

Bare surface 40 03 08 0 0 01 54 0.78 

Built-up 

areas 

02 47 02 0 0 0 51 0.92 

Permanent  

culivation 

10 04 54 0 13 03 86 0.63 

Scrubland 4 2 3 48 07 0 64 0.65 

Woodland 1 03 14 16 50 05 72 0.69 

Water body 2 02 07 0 08 59 76 0.78 

            Total 56 59 85 64 71 68 403 81.3% 

     

Reliability 

0.75 0,79 0.76 0.77 0.70 0.87 79.7  

Overall Accuracy of the classification =76%, Reliability=77.4% 

Source: Ground truthing and Digital Image classification   

 

Conclusion 

Within the study period (i.e. 1986 and 2011), riparian vegetation, scrubland and woodland manifested 

significant decrease while water body, bare sand surface, permanent cultivation and built-up areas 

manifested significant increases. However, between 1986 and 1996, overall rates of changes in LULC 

were, compared to 1996 to 2006 and 2006 to 2011 which manifested a much faster rate of growth. 

Overall, three LULC types (riparian vegetation, scrubland and woodland) recorded continuous 

decreases, while the remaining four LULC types (water body, bare sand surface, permanent 

cultivation and built-up areas) were noticed to have manifested a steady increase over the whole 

study period. It is apparent therefore that more negative changes have occurred in LULC in the area, 

particularly with more open spaces (bare and cultivated) being created than forested areas.  
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