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Abstract 

Land use/land cover changes (LULCC) at Adei watershed (Ethiopia) over a period of 23 years (1986–2009) has been 
analysed from LANDSAT imagery and ancillary data. The patterns (magnitude and direction) of LULCC were quantified 
and the final land use/land cover maps were produced after a supervised classification with appropriate post-processing. 
Image analysis results revealed that the study area has undergone substantial LULCC, primarily a shift from natural cover 
into managed agro-systems, which is apparently attributed to the increasing both human and livestock pressure. Over the 23 
years, the aerial coverage of forest and grass lands declined by 8.5% and 4.3%, respectively. On the other hand, agricultural 
and shrub lands expanded by 9.1% and 3.7%, respectively. This shows that most of the previously covered by forest and 
grass lands are mostly shifted to the rapidly expanding farm land use classes. The findings of this study suggested that the 
rate of LULCC over the study period, particularly deforestation due to the expansion of farmland need to be given due at-
tention to maintain the stability and sustainability of the ecosystem. 
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INTRODUCTION 

Land use/land cover change (LULCC) is a term used 
for the modification of the earth terrestrial surface by hu-
mans, mostly the results of an interaction between natural 
and anthropogenic processes [RAWAT, KUMAR 2015; DIN-

KA 2012. Anthropogenic processes are the major driving 
force in shaping LULCC BARLOW et al. 2016; BRUIJN-
ZEEL 2004; ISLAM et al. 2017; RAWAT, KUMAR 2015; 
TSEGAYE et al. 2010 and are significantly changing the 
Earth surface, resulting in to an observable changing pat-
tern in the LULC (land use/land cover) over time BAR-

LOW et al. 2018; DINKA 2012. 
Various studies have indicated that LULCC are signif-

icantly affecting the functionality of Earth system directly 
or indirectly BARLOW et al. 2016; BISIRI et al. 2017; 

BRUIJNZEEL 2004; BUTT et al. 2015; CAO et al. 2017; 
CHASE et al. 1999; DEFRIES, ESHLEMAN 2004; DINKA 
2012; FU 2003; FU et al. 2000; GAREDEW et al. 2009; 
ILAY, KAVDIR 2009; JIN, FAN 2018; LAMBIN et al. 2003; 
LIVERMAN, CUESTA 2008; PIELKE 2001; RAWAT, KUMAR 
2015; SERRAA et al. 2008; WANG et al. 2008; YILLIA 
2008. LULCC has different negative socio-economic and 
environmental consequences such as: reduction of land-
scape diversity and complexity BARLOW et al. 2016; SER-

RAA et al. 2008; contribute to climate change (of various 
scale) CHASE et al. 1999; JIN, FAN 2018; LAMBIN et al. 
2003; SERRAA et al. 2008; an increase vulnerability of 
certain natural hazards (floods, droughts, fires) ILAY, 
KAVDIR 2009; JIN, FAN 2018; SERRAA et al. 2008; alters 
ecosystem services to human needs [LAMBIN et al. 2003]; 
and alters the streamflow pattern BRUIJNZEEL 2004; BUTT 
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et al. 2015; DEFRIES, ESHLEMAN 2004. There is a nexus 
between LULCC, land degradation and water quality dete-
rioration BUTT et al. 2015; DINKA 2012; YILLIA 2008. As 
indicated by TURNER et al. 2001, LULCC usually results 
in an increment of surface runoff, decrease of groundwater 
recharge and increased pollutant transfer BUTT et al. 
2015. In general, LULCC have various consequences on 
Earth’s ecology, hydrology, climate, geomorphology and 
biogeochemical cycles BISRI et al. 2017; DINKA 2012; 
GAREDEW et al. 2009; GRZYWNA, SENDER 2017; LIVER-

MAN, CUESTA 2008; MINEA, IOANA-TOROIMAC 2016; UR-

BAŃSKI, JAKUBIAK 2017.  
There are different views regarding the main deriving 

factor for LULCC GAREDEW et al. 2009; LAMBIN et al. 
2003; MATHER, NEEDLE 2000; RAWAT, KUMAR 2015. 
According to MATHER and NEEDLE 2000, population 
growth is the single most influential for LULCC and the 
resulting land degradation. The study made by WANG et al. 
2008 indicated socioeconomic development as the main 
driving force of LULC in Tibetan Plateau (China). Others 
scholars (GEIST and LAMBIN 2002], TOLE [2004], DHA-

KAL [2008] and GAREDEW et al. [2009) suggested that 
LULCC is due to the combined effects of anthropogenic 
activities (proximate causes – such as expansion of farm 
land and extraction of woods) and fundamental social pro-
cesses (underlying causes – such as population growth, 
policy/institution and cultural factors). LAMBIN et al. 
2003 concluded that neither population nor poverty alone 
constitute the major underlying causes of LULCC world-
wide. They concluded that the main driver of LULCC are 
peoples’ responses to economic opportunities facilitated by 
institutional factors. 

LULCC is the main source of land degradation, which 
results in a various hydrologic consequences (flooding, 
erosion, drought). In highland areas, land degradation usu-
ally results in an increased surface runoff and soil erosion. 
In Ethiopia, LULCC and land degradation are highly inter-
related. Study report by MOEYERSONS et al. 2006 showed 
that deforestation and the introduction of an intensive per-
manent agriculture were the major causes of environmental 
degradation in northern Ethiopia, increasing the intensity 
of most of the erosion processes. Other independent studies 
(HURNI 1988], CONSTABLE, BELSHAW [1989], ABATE 
[1994], EI-SWAIFY, HURNI [1996] and ZELEKE [2000) 
also indicated that deforestation and encroachment of cul-
tivation in to marginal areas were the main causes of 
LULCC and land degradation in the highlands of Ethiopia. 
As a result, the northern highlands are highly degraded. 
The area is amongst those with high rate of deforestation 
and land degradation in Sub-Saharan Africa EI-SWAIFY, 
HURNI 1996; GAREDEW et al. 2009 and frequently affect-
ed by drought and famine.  

Analysis and detection of LULCC is extremely im-
portant for better understanding of landscape dynamic over 
a known time period RAWAT, KUMAR 2015. It is one of 
the most precise techniques to understand the land condi-
tion in the past, types of changes to be expected in the fu-
ture, as well as the forces and processes behind the changes 
DINKA 2012. The aim of this study was to map and ana-

lyse the spatio-temporal LULCC of the Adei watershed 
using decadal LANDSAT imagery (1986, 1995 and 2009). 
Three LANDSAT images were processed, classified and 
analysed in ERDAS Imagine (ver. 9.1). Also, appropriate 
image pre-processing (geo-referencing, layer-stacking, 
resolution merge, and sub-setting) and accuracy assess-
ment has been made. The result of this study provides the 
region and policy makers with clear view of the watershed 
including vegetation cover, human interactions with natu-
ral resources and other information while undertaking dif-
ferent natural resources conservation activities in the re-
gion.  

STUDY AREA 

The study was carried out at Adei watershed, located 
in Boda Kebele, Dandi Woreda in West Shoa zone of 
Oromia National Regional State, Ethiopia (Fig. 1). Adei 
Watershed (08°53’55” to 08°55’34” N and 38°07’62” to 
38°13’16” E) is located at a distance of 20 km South-West 
of Ginchi town and about 110 km to the West of Addis 
Ababa. It has a total area of 2,176 ha and elevation in the 
range 2,180 to 3,155 m a.s.l. The watershed is character-
ized by different landforms: flat plains, undulating plains, 
rolling land and steep areas. About 28% of the total area 
has gentle slope (<8%); whereas 35% and 37% of the total 
areas are characterized as moderate (8–15%) and steep 
(>18%) slopes, respectively CHEKUN 2002. As the result, 
the study area is generally exposed to soil erosion. The 
area is dominantly contains black soil: Pellic Vertisols 
(46%), Vertic Cambisols (42%), and Nitosols (12%) 
DWARDO 2011. The area has a mean annual rainfall of 
750–2153 mm and the mean annual temperature of 9.3–
23.0°C EMA 2013. The total population of the watershed 
is about 1,945 (845 male and 1,100 female). There are di-
verse land use practices in the area: cultivated land (58%), 
forest (10%), grazing (16%), shrub, villages and degraded 
areas (15%). The predominant source of the community’s 
livelihood is subsistence agriculture with the major crops 
grown includes teff, wheat, and barley, which constitute 
80.2% of area covered by crops. Beans and maize are also 
grown in the area next to the major crops DWARDO 
2011. 

 

Fig. 1. Location map of the study area; source: own elaboration 
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STUDY METHODS 

DATA ACQUISITION AND PRE-PROCESSING 

In this study, both primary and secondary data were 
collected. Primary data were generated from the analysis of 
satellite images and preliminary field survey using 
handheld GPS. Three LANDSAT images covering differ-
ent periods (1986 TM, 1995 ETM+ and 2009 ETM+) were 
acquired from GLOVIS website (http://glovis.usgs.gov). 
Details (path/row, cloud cover, resolution and acquisition 
time) of the satellite images are provided in Table 1. The 
three images were selected by considering the period of 
change in regime government and land/use cover reforms 
made in Ethiopia. Moreover, field data collection was 
made (2012–2013) to identify the actual LULC available 
in the study area. Field investigation was required to take 
the representative ground control points (GCPs) from each 
of the currently identified land use types. The GCPs were 
used for the preparation of signatures for supervised classi-
fication. Secondary data such as Digital Elevation Model 
(DEM) and topographic maps were collected from differ-
ent sources. The DEM with 90 m resolution was down-
loaded from NASA website (http://www2.jpl.nasa.gov/ 
srtm/) and processed in ArcGIS (v 9.3) ESRI 2009. The 
DEM sink filling, resolution merge, etc. has been done in 
ArcGIS. The recent (2012) Dendi Woreda topo sheet (scale 
1:50 000) was purchased from the Ethiopian Mapping 
Agency and used for the selection of training sites and 
georeferencing process.  

Table 1. Details of satellite data acquisition 

Sensor 
Path/ 
Row 

Cloud 
cover (%)

Resolution 
(pixel size) 

Acquisition 
time 

Landsat – TM 168/54 0 30 × 30 m Feb, 1986 
Landsat – ETM+ 168/54 0 28.5 × 28.5 m Jan, 1995 
Landsat – ETM+ 186/54 0 28.5 × 28.5 m Mar, 2009 

Source: own elaboration. 

Digital satellite images were processed, classified and 
analysed by ERDAS Imagine (ver. 9.1) ERDAS 2006. 
The classified data (in to each category of LULC) was fur-
ther analysed for change detection of degraded/bare land. 
An intensive pre-processing such as geo-referencing, layer-
stacking, resolution merge, and sub-setting were carried 
out in order to Ortho-rectify the satellite images in to Uni-
versal Transverse Mercator (UTM) (WGS, 1984) (coordi-
nates –WGS 37N; Spheoid – Clarke 1880; and datum – 
Adindum) and to remove disturbances and radiometric 
variation between acquisition dates DINKA 2012. The 
satellite image of each band in each year (1986, 1995 and 
2009) was stacked in ERDAS Imagine (ver. 9.1) within 
interpreter main icon utilities with layer stacked function. 
Preliminary image analysis was done using ERDAS to ex-
tract meaningful information from the acquired satellite 
images.  

SATELLITE IMAGE PROCESSING  

In this study, a hybrid classification system has been 
used, which involves the unsupervised classification fol-
lowed by supervised classification methods. Unsupervised 
classification was preferred for classification of all Landsat 
imagery and to obtain a signature for supervised classifica-
tion. A set of spectral classes were formed and a map pat-
tern was visually correlated to meaningful ground catego-
ries or land cover classes, according to the descriptions 
presented in Table 2. Then, a natural cluster comprised of 
twenty different classes was created using the ISODATA 
(Iterative Self-Organizing Data Analysis Technique) algo-
rithm, with the maximum number of iteration set to ten at 
95% confidence level SIERRA-SOLER et al. 2015. The 
signatures obtained from unsupervised classification were 
aggregated into land cover classes and the unidentifiable 
clusters were rejected from the signature categorization. 
Then, the easily identifiable classes were categorized into 
land cover units to create appropriate signatures for the 
supervised classification DINKA 2012; JENSEN 2005.  

Table 2. Characteristics of land cover classes identification in 
Adei watershed 

Class name  Description 

Farmlands  
Areas used for crop cultivation (teff, wheat, barley, etc.) 
and different settlements (villages) associated with the 
cultivated fields 

Forestlands 

Areas covered with dense growth of trees that form near-
ly-closed canopies (>40%). Some trees (mainly eucalypts 
& acacia) commonly found around homesteads were 
included in this category 

Grasslands 
Areas used for grazing as well as bare lands (or rocks) 
with little or no grass cover 

Shrublands 

Refers to those areas covered with tree, shrub, bushes and 
some grasses that dominate the foot slopes and riverine 
landscapes. There exists variation in vegetation between 
dense shrub/bush lands with an estimated cover of >50% 
and open shrub/bush lands with less than 50% cover 

Source: own elaboration based on Ahmed’s classification [AHMAD 
2012. 

In order to define classes that were not uniquely identi-
fied during the unsupervised classification, an addition 
signatures were defined on the AOI (area of interest) for 
known cover types from field data and the topo-map. The 
final signatures were demarcated after a series of band 
combinations (by trial and error procedure) and used for 
the supervised classification. Finally, the images were clas-
sified through maximum-likelihood parametric decision 
rule with probabilities approach and parallellopide as the 
non-parametric decision rule DINKA 2012; JENSEN 2005.  

Based on the GCPs points the classified LULC using 
supervised classification were cross checked with the 
ground truth. This was done by the use of accuracy assess-
ment technique to investigate how the result reflects the re-
ality on the ground SHAO, WU 2008. This was done by 
the use of GCPs collected during the field work. The accu-
racy of the classification was assessed by using four per- 
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formance assessment criteria: producer’s accuracy (PA), 
user’s accuracy (UA), overall accuracy (OA) and Kappa 
coefficient (K). An error matrix which comprises OA, UA, 
PA and K was generated for the identified LULC types.  

POST-PROCESSING AND CHANGE ANALYSIS 

After supervised classification, appropriate post-
processing has been done. Majority analysis was applied in 
order to avoid minor fragmented classification arrange-
ments on the output map. The majority analysis (such as 
clump, sieve and filtering) DINKA 2012 was repeated four 
times until fine classification are removed. The simple ap-
proach consists of comparing the properly coded results of 
two separate classifications MANANDHAR et al. 2009. 
Finally, the final classification was verified using GCPs in 
order to check the precision of the classified LULC map. 
Evaluation of LULC change analysis through pair-wise 
comparison and weighted overlay was carried out in the 
Arc GIS 9.3 environment. Based on the ground verifica-
tions, the necessary corrections and adjustments has been 
done. Finally, a complete confusion matrix of categorical 
change was obtained for the 2009 image.  

In order to analyse the land cover structural changes in 
the study area, the table showing the area in hectares and 
percentage changes between the periods 1986–1995 and 
1995–2009 was quantified for each LULC types. The abso-
lute change in LULC of the two periods was obtained as 
the difference of the values of different times of the same 
category while percentage change was calculated by divid-
ing it with the total area and multiplying by hundred. This 
provided the information on the trend of conversion in 
terms of time. Finally, the areal coverage, annual rate of 
change, change rate and relative change were tabulated for 
each of the identified LULC types. The annual change 
rates were calculated using Eq. (1) DINKA 2012; ETTER et 
al. 2006: 

 𝑅𝑎𝑡𝑒 ൌ  
ଵ

ሺ௧మି௧భሻ
 ln ቀ

஺మ

஺భ
ቁ  (1) 

Where: A1 and A2 are forest cover at initial (t1) and next 
time step (t2), respectively. 

RESULTS AND DISCUSSIONS 

LULC CHANGE ANALYSIS  

The classification assessment report is summarized in 
Table 3. The result showed that UA of individual class 
ranged from 73–88%, while PA ranged from 64–95%.  
 

Lower PA was observed for grasslands (64%) only, which 
might have occurred due to the combination of omission 
and commission errors. The resulting lower accuracy for 
grazing land might be due to the difficulty to identify grass 
land from farm land on the image and its low ground cover 
condition DINKA 2010; 2012. The resulting LULC map 
had an acceptable OA (82%) and K (0.76), indicating 
a good agreement between the reference data and the re-
motely sensed classification SHAO, WU 2008. The ob-
tained individual K value is different for the different land 
cover types, with the highest value for shrubs, followed by 
farm, forest and grazing lands. Overall, the accuracy as-
sessment results are acceptable for further analysis and 
change detection. As illustrated in Figures 3–4, four LULC 
classes (farm, forest, grass, and shrub) were identified after 
a supervised classification.  

Table 3. Summary of confusion matrix for the Landsat ETM+ 
image (2009) 

Land cover 
class 

Classified 
totals 

Number 
totals 

Numbers 
correct 

Accuracy (%) 
k’ PA UA 

Forestlands  26 20 19 0.738 95 73 
Farmlands 38 40 33 0.868 83 87 
Grasslands 11 14   9 0.818 64 82 
Shrublands   8   9   7 0.875 78 88 
Total  83 83 68    

Overall accuracy (OA) = 82%. 
Overall Kappa coefficient (K) = 0.76. 
Explanations: k’= classical Kappa statistics; PA = producer accuracy;  
UA = user accuracy. 
Source: own study. 

The land use trend analysis made for two periods 
(1986–1995 and 1995–2009) indicates that Adei watershed 
was subjected to considerable land use changes. Rate of 
temporal change of LULC in Adei watershed over the pe-
riod of 1986–2009 is presented in Table 4. Under this sec-
tion, the LULC dynamics in different periods are present-
ed, by giving more attention to the effects of population 
pressure and institutional support on LULCC.  

 Period 1: 1985 to 1995 
During this period, the areal coverage of forest and 

shrub lands were decreased by 201.9 ha (9.3%) and 49.4 ha 
(2.3%), respectively. On the other hand, both farm and 
grass lands have increased by an aerial coverage of 59.60 
ha (2.70%) and 191.40 ha (8.80%), respectively. This was 
due to the conversion of forest and shrub lands, to grass 
and farm lands. As evident from Figure 2, farm lands were 
increased during this period at the expense of all the other 
3 LULC types, but mostly at the expense of grazing lands.  
 

Table 4. Rate of temporal change of land use/land cover (LULC) in Adei watershed over the period of 1986–2009 

LULC 
class 

Area Net change (ha) Change (%) Rate of change (ha∙year–1) 
1986 1995 2009 1986–

1995 
1995–
2009 

1986–
2009 

1986–
1995 

1995–
2009 

1986–
2009 

1986–
1995 

1995–
2009 

1986-
2009 (ha) (%) (ha) (%) (ha) (%) 

Farms   818.2 37.6 877.8 40.30 1015.4 46.70 59.60 137.60 197.30 2.70 6.30 9.10 6.60 9.80 16.50 
Forest  552.8 25.4 350.8 16.10 367.6 16.90 –201.90 16.80 –185.20 –9.30 0.80 –8.50 –22.40 1.20 –21.20 
Grass 463.6 21.3 655.0 30.10 370.9 17.00 191.40 –284.10 –92.70 8.80 –13.10 –4.30 21.30 –20.29 –10.30 
Shrub 341.4 15.7 292.0 13.40 421.7 19.40 –49.40 129.70 80.30 –2.30 6.00 3.70 –5.50 9.26 3.80 

Source: own study. 
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Fig. 2. Classified land use/cover types in the study area; source: own study 

 

Fig. 3. Area coverage of the classified land use/cover types; 
source: own study 

Furthermore, grazing lands were increased at the expense 
of shrub and forestlands. 

The early stage of this study period was considered as 
the time of intensive government intervention and there 
was due attention for improved land use and natural re-
sources management, particularly forest management ac-
tivities. There was a law by which farmers were prohibited 
from cutting trees whether for housing or charcoal purpos-
es. The area was covered by different indigenous tree spe-
cies and there was no pressure on natural resources since 
the area has fertile land for crop production. Hence, farm-
ers had no interest to expand their farmlands as well as 
encroach to more fragile and forest covered areas.  

But at the nearly last stage of this period, both forest 
and shrub lands decreased in area coverage. The last stage 
of this period was few years after the Ethiopian govern-
ment transition period (i.e downfall of Derg1) regime), 
when larger areas of communal land was distributed 
among community members and other landless peoples in 
the area. In addition to this, the laws and policies were not 
as strong as before, especially during the early stage of the 
existing government, whereby people started to clear for-
ests to expand their farm land areas to increase food pro-
duction. Consequently, there was a rapid conversion of 
natural forest covered area to farm lands. Moreover, pocket 
areas covered by forest and shrub lands were shifted to 
grazing land and became degraded. This resulted in decline 
in forest coverage and expansion of farm land in the area.  

 Period 2: 1995–2009 
Conversely to the preceding period (1985–1995), for-

est and shrub lands showed an increment in this period. 
But a significant increment was observed in farmland 
(6.3%). That means all the 3 LULC types were increased 
in this period at the expense of grass lands. During this 
period, the decrease in grass land by 284.10 ha (13.1%) is 
equal to the total increase of the other 3 LULC types 
(13.1%) – Table 4. The increment in farm and forest lands 

 
1) ‘Derg’ or Dergue refers to the short name of the Coordinating 
Committee of the Armed Forces, Police and Territorial Army that 
ruled Ethiopia from 1974 to 1987. The period is also called 
‘Mengistu Regime Government’. 
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in this period is due to the improved governments’ strate-
gies and guidelines on the rural development policies, 
which gave due attention to natural resources management 
based on participatory and integrated watershed manage-
ment approach. There was a good involvement of rural 
community (i.e participatory watershed management ap-
proach), non-governmental organizations and other con-
cerned bodies for the rehabilitation (i.e both reforestation 
and afforestation) of previously degraded areas as well as 
conservation of potential areas. The local community start-
ed to practice some soil and water conservation activities, 
area closure system as well as planting of different tree and 
acacia species from the established nursery sites. Seedlings 
of different tree species from the nurseries were distributed 
by government and different non-governmental organiza-
tions, particularly by GTZ (German Technical Cooperation 
Agency).  

GENERAL DISCUSSION 

The LULC showed spatio-temporal dynamics (Tab. 4, 
Figs. 2–3) throughout the study period (1986–2009). Farm 
land showed high (increased) rate of change followed by 
farm, grass and shrub lands. Both grass and forest lands 
showed a declining trend; whereas farm and shrub lands 
showed an increasing trend. There is a sharp annual incre-
ment rate in areas of farm land (16.5 ha) and slight annual 
increment rate in shrub land (3.8 ha), which showed that 
forests changed to shrub land and then gradually to farm 
land. On the other hand, forest and grass lands have fallen 
by an aerial coverage of about 185.19 and 92.73 ha (Tab. 
4, Fig. 4), respectively. The expansion of farm land was 
almost at the expense of grass and forest lands. The study 
conducted by EMIRU et al. 2012 on Senbat watershed 
(Ethiopia) in 1957–1980 showed a massive deforestation 
(47% reduction) in favour of the expansion of farm lands, 
largely due to an expansion of agricultural and livestock 
production activities. Similarly, a study made by DINKA 
2012 for Lake Basaka catchment indicates that forest 
coverage reduced from 42.2% in the early 1960s to only 
6% in 2008. This study and other study results are indica-
tors for the massive deforestation in Ethiopia in general. 
All studies indicated that there is rapid conversion of forest 
covered area to cultivated land. 

The decreasing rate of forest, grass and shrub lands ob-
tained in this study has an implication on land degradation, 
 

 

Fig. 4. Land use/land cover change (LULCC) of the study area 
over study period; source: own study 

particularly soil erosion and decline of crop yield in the 
area. Different studies (BRUIJNZEEL 2004], SERRA et al. 
[2008], GAREDEW et al. [2009], ILAY, KAVDIR [2009], 
DINKA [2012] and EMIRU et al. [2012) clearly showed that 
surface erosion is minimal in those areas where the soil is 
adequately protected or areas covered by vegetation. The 
presence of these resources on the surface of the earth has 
two important roles DINKA 2012: (i) it reduces the impact 
of rain drops on the surface of the earth and minimizes the 
wearing away off top soil by erosion; and (ii) increases the 
infiltration capacity of the soil and caused to recharge the 
ground water. So the reduction of those resources has ag-
gravated land degradation.  

According to HURNI 1988; 1993, the most important 
factors deriving LULCC in Ethiopia is population growth. 
Based on the findings of this study, the authors support the 
idea suggested by LAMBIN et al. 2003. The main anthro-
pogenic drivers of LULCC in the study area are population 
growth facilitated by economic (poverty) and institutional 
factors. As population and poverty increases, specifically 
in the highland areas, the need for more cultivated lands, 
grazing area, and fuel woods also increased to meet the 
growing demand for food, energy and livestock. More and 
more marginal lands are being used for agriculture. This 
agricultural intensification has led to a rapid natural re-
sources degradation, which manifests itself mainly on the 
soil layers which has been already eroded and nutrients 
have been continuously removed. The effect of institutional 
support on LULC dynamics can be realized from Table 4, 
which was discussed earlier under section LULC change 
analysis. In general, in Ethiopian highlands, an urgent in-
tervention is needed to address the problem of land degra-
dation using suitable technologies for improved and sus-
tainable agricultural production TADESSE, BELAY 2004. 

CONCLUSIONS AND RECOMMENDATIONS   

In Adei watershed, the ecosystem was more or less 
protected before the intervention by human (1970s); like 
forest clearance, overgrazing and expansion of cultivated 
lands. The 1986 image clearly indicates that the area was 
rich in vegetation cover with 25.40% forest and 21.30% 
grass lands. All the identified land use/land cover (LULC) 
types have undergone both spatial and temporal changes 
over 23 years (1986–2009): sharp decrement for forest 
(8.5%) and grass (4.3%) lands and increment for farm 
(9.1%) and shrubs (3.7%) lands. Various forest and grazing 
lands were changed to agricultural lands following the 
change of land use policy in Ethiopia in the 1970s for food 
self-sufficiency. Consequently, there was a significant 
shifting of natural vegetation areas to agricultural, grazing 
and other land use types.  

The main anthropogenic drivers of LULC change in 
the watershed are population growth, poverty, and lack of 
strong institutional and technological support. Most of the 
changes in the watershed are largely due to an increase in 
agricultural production activities for food self-sufficiency. 
Lack of strong LULC policies and lack of technologies that 
suit farmers’ socio-economic and natural circumstances 
were major driving forces behind. The LULC dynamics in 
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the watershed is influencing the hydrologic processes with-
in the watershed by disturbing both ecological and envi-
ronmental nature of the watershed. 

In general, the expansion of agricultural land is at high 
rate, causing formation of erosion prone areas highly sus-
ceptible to soil erosion. Improvement of present agricultur-
al and livestock management practices and introduction of 
appropriate soil conservation measures are essential for 
mitigating erosion and for improving the welfare of the 
community in the watershed. The cultivation practice, in 
the study area, is mainly dependent on a traditional rain fed 
agriculture, and the livestock are fed entirely on natural 
grassland. If this condition is allowed to continue in similar 
manner in the feature, land degradation can put the sus-
tainability of agriculture and availability of natural re-
sources in the area at a great risk. There may be a similar 
change expected in the future which can be a major cause 
of land degradation in the watershed, leading to decline in 
crop production as well as shortage of forage for livestock; 
unless there is due considerations for natural resources 
conservation practices.  
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Analiza użytkowania i pokrycia terenu w zlewni Adei na Wyżynie Centralnej w Etiopii 

STRESZCZENIE 

Zmiany użytkowania i sposobu pokrycia terenu w zlewni Adei (Etiopia) analizowano w ciągu 23 lat (1986–2009) 
z użyciem obrazów LANDSAT i dodatkowych danych. Oceniono ilościowo schemat zmian (wielkość i kierunek) oraz wy-
konano mapy użytkowania i pokrycia terenu po odpowiednim przetworzeniu danych. Analiza obrazów ujawniła, że badany 
obszar podlegał znaczącym zmianom – głównie od naturalnego pokrycia do gospodarczych agrosystemów, co wynikało 
z rosnącej presji ze strony człowieka i zwierząt gospodarskich. W ciągu 23 lat powierzchnie leśne i trawiaste zmalały od-
powiednio o 8,5 i 4,3%, a powierzchnie użytkowane rolniczo i tereny zakrzaczone powiększyły się odpowiednio o 9,1 
i 3,7%. Oznacza to, że tereny uprzednio zajmowane przez lasy i systemy trawiaste zostały zajęte przez tereny rolnicze. 
Przeprowadzone badania sugerują, że należy zwrócić szczególną uwagę na szybkie zmiany pokrycia powierzchni terenu, 
aby utrzymać stabilność i trwałość ekosystemu. 

Słowa kluczowe: analiza obrazów, analiza zmian, GIS, teledetekcja, użytkowanie i pokrycie terenu 


