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Abstract - The aim of this study is to assess the spatial and temporal patterns of land use / land cover changes induced by 
the Savannah sugar project over the last forty years. The spatial scope of this study is the territory surrounding Kiri dam and 
the sugar estate, which is about 10km radius situated between latitude 9030’ and 100 0’ N and longitude 11045’ and 120 05’ E. 
The data used consist of Lands at satellite images from Thematic Mapper (TM) of 1986 and Enhanced Thematic Mapper 
Plus (ETM+) of 2010, acquired from the United States Geological Survey (USGS) archives and topographic maps of 1969 
from the Nigerian Survey Department. The temporal scales used were 1969, 1986 and 2010 for the imageries. From-to 
change matrix was used for land cover change analysis. The results showed that cropland has highest increase gained from 
vegetation, bare surface, built up, marshes, and water in that order. This is followed by bare surface which gained from 
vegetation, cropland, water, built-up and marshy land. The largest decrease was vegetation which gave out to cropland, bare 
surface, marshes, built up, and water. Generally, land cover changes are tending towards more bare soils and marshes as 
indices of environmental degradation primarily because of increased human activities, particularly agriculture, animal 
grazing, and the increased construction of paved roads and settlements. Sustainable tree planting by all the stake holders is 
recommended to reduce land degradation in the area. 
 
Keywords - Land use / land cover, Environmental Change, Temporal Pattern, Built Up, Crop Land, Vegetation, Water 
Bodies. 
 
I. INTRODUCTION 
 
Following Nigeria’s import substitution policy of the 
1970s, the then North Eastern State Government 
established the Savannah Sugar Company at 
Gyawana and also built Kiri dam on River  
Gongolato supply irrigation water to the 29,000ha 
sugar estate. Previous environmental change analysis 
of the Savannah sugar project area had used narrow 
spatial reference framese.gTukur and Mubi, (2002), 
Tukur, Musa and Mubi (2006), and Erasmus, (2008). 
In addition, the multitemporal scales of these studies 
were limited to 1975 – 2008 ignoring, for instance, 
the topographicsheet data of the region dating back to 
the late sixties when the environment was in a more 
pristine state. Against this background, this study 
assessed the changes in land use – land cover of the 
study area between 1969 and 2010.  
 
II. THE STUDY AREA  
 
The study area (Figure 1) is located between latitude 
9030’N to 1000’N, and longitude 11045’E and 
12005’E and it comprises of the Savannah sugar 
farms and factory, the Kiri dam and southern parts of 
the Lunguda plateau. It is bounded in the north by 
Guyuk town, in the east by Shelleng town, in the west 
by Lamurde town, and in the south by the northern 
bank of the river Benue.   Administratively, the study 
area cuts across five local government areas of 
Adamawa State namelyDemsa, Guyuk, Shelleng, 

Lamurde and Numan with a total land area of about 
20km2. 
 
III. METHODOLOGY 
 
The data used in this study consist of landsat satellite 
images from Thematic Mapper (TM) and Enhanced 
Thematic Mapper Plus (ETM+), acquired from the 
United States Geological Survey (USGS) archives, 
and topographic maps from the Nigerian Survey 
Departments for different dates as follows.Landsat 
TM acquired on 2nd October 1986 with nine bands, 
Landsat ETM+ captured on 5thNovember, 2010 
withnine bands and 1969 Topographic maps from 
five sheets on scale 1:500,000. In this work, algebraic 
and Markov (in IDRISSI) were used. Map algebra 
was used to determine image differential from an 
earlier year and the latter while the Markov method 
provides a change matrix with change trajectories. 
This was done with IDRISI software.Land cover 
imagery pixels were sorted into metrics (metres, 
hectares etc.) and displayed in terms of tables and 
graphs.  
 
IV. RESULTS AND DISCUSSION 
 
Land Cover Distributions and their Dynamics 
Figures 2 to 4 show the spatial distributions of the 
land cover types over the study period. The maps 
vividly depict the features of environmental changes 
as they are on the ground. Thus while  
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in 1969 the issue was how much of vegetation was 
being converted into farmlands or homesteads, by 
1986 the issues were about the sizes of water bodies, 
marshes and baresoils; but by 2010 the issue appears 
to be about the pattern of baresoils in relation to 
landuse, particularly roads. This represents the 
degradation trajectory in the study area between 1969 
and 2025. 
Table 1 shows the proportions of each land cover 
type in 1969, 1986 and 2010 (aperiod of 41 years). In 
1969, natural vegetation was more than 80 times the 
built up area but by 2010 it was only 3 times the built 
up area. Vegetation and Built up land cover types 
were the fastest changing among the six land cover 
classes. The 40 year decline of natural vegetation was 
by about 60%. This agrees with the finding of a study 
in Ethiopia where a similar rate of deforestation has 
been observed (Lemenih, 2004). Likewise, Soini 
(2006) reported 98% deforestation in a study in 
Kenya. 

 
Table 1: Metrics of Land Cover Types (hectares %) 

 
 
Increase and Decrease in Land cover Types  
Table 2 shows both the magnitudes and trends of 
changes in the six land cover types of the study area 
framed in terms of before /after analysis.The table 
shows a noticeable decline invegetation during the 
second period, 1986 – 2010. This agrees with the 
assertion of Adebayo and Timothy (2000) that some 
woodlandwere lost to farmlands when the sugar 
project came into being. The growth in bare soils in 
1986 – 2010 also agrees with Tukur, Musa and Mubi 
(2006) and Erasmus (2008)who reported increased 
bare surfaces in the Kiri dam area and Gyawana area 
respectively. The former was attributed to decreased 
river-flow downstream of the dam while the latter 
was due to the operations of the Savannah sugar 
company. 
The decline in water bodies may not be unconnected 
with climate change indices such as high 
temperatures, reduced rainfall and high evaporation. 
On the other hand, the high increase in bare soils is 
the footprint of increased human activities: 
relocations, influx of casual workers, grazers, cattle 

routes, footpaths, new roads, and mechanized 
agricultural activities. 
 

Table 2: Increases and Decreases in Land Covers 
1969 – 2010(ha) 

 
 
CONCLUSION AND RECOMMENDATION  
 
The major conclusion from the study is that land 
cover changes are tending towards more bare soils 
and marshes as indices of environmental degradation 
primarily because of increased human activities, 
particularly agriculture, animal grazing, and the 
increased construction of paved roads and 
settlements. The underlying causes are technology, 
poverty, and increasing population (human and 
livestock), the state of the local and national 
economies, and climate change.In view of the high 
rate of decline of vegetation cover observed in the 
study area, tree planting should be given the topmost 
priority by individuals, communities and local 
government councils. 
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Figure 1: The study area 
Source: Authors field work 

 

 
Fig. 2: Classified Image of Savanna area in 1969 

 

 
Fig. 3: Classified Image of Savanna area in 1986 

 
 

 
Fig. 4: Classified Image of Savanna area in 2010 

 
 
 


