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Abstract  
In the highlands of northern Ethiopia, many land use and land cover changes (LULCC) have occurred 
during different activities of the populations. Despite its coverage and unwise use of natural resources, 
these land uses and land covers are facing increasing or decreasing their area coverage. Thus, this study 
is designed to identify the basis of the above-mentioned problems and to set real solutions for the 
problems. Hence, a field survey was carried out in 2017 to identify the major land cover types in the 
watershed. Detection Analysis of land use and land cover dynamics were calculated from the selected 
watershed in Southern Tigray, Northern Ethiopia. These land use types were cultivated, forest, bush, 
shrub, and homestead lands. The land use and land cover dynamics were estimated using landsat7 and 
landsat8 for the years 1998 and 2017, respectively, using Arc GIS 10.1. Furthermore, a normalized 
difference vegetation index (NDVI) was developed for both years. The land use and land cover change 
results indicated that forest, cultivated land, and bush land decreased by 4.4%, 2.2%, and 2.4%, 
respectively. However, shrub land and homestead increased by 5.5% and 3.6%, respectively. 
ThereforeThe change detection analysis using GIS and remote sensing could deliver useful information to 
understand the seasonal patterns of land use dynamics for planners and decision makers; consequently, 
sustainable land management planning is possible. 
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1. INTRODUCTION 

As Deng (2011) and Bin et al. (2006) reported, the global environment is facing severe challenges such 
as changes in land use and land cover (LULC), which is the prominent ecological symbol on the earth’s 
surface. Moreover, Turner et al. (2007) reported that LULC change has been a key research priority with 
multi-directional impacts on both human and natural systems yet also a challenging research theme in the 
field of land use change science. Land use affects land cover and land changes in land cover (Rawat and 
Kumar, 2015). This articulates social, environmental, institutional, and economic processes (Mas et al., 
2014). Human impacts on the global LULC change are operating at unprecedented magnitudes, rates, 
and spatial scales (Turner et al., 1994). Scientists recognize that the magnitude of this change is large 
(Lambin et al., 2001). 

The LULC pattern of a region is an outcome of natural and socio-economic factors and their utilization by 
man in time and space. These driving forces, which are also referred to as factors that can be categorized 
as natural and human-induced, were recognized in the study Watershed (Yifru A et al., 2011). The natural 
factors in the study area include the high intensity of rainfall and steep relief (Yimer, F. et al., 2007) and 
soil types. Among the straightforward identified human causative factors are population growth and 
density, over-intensification of land use, farm size, land tenure status, and lack of policies on land use 
planning (Yimer, F. et al., 2007). 

 

As rightly noted by Yifru A et al. (2011) land use and land cover are an endlessly changing process taking 
place on the surface of the earth. Major land cover changes have also occurred at a local level for all land 
types. For instance, a significant increase in cultivated land at the expense of forestland was found to 
have occurred between 1957 and 1995 in the Dembecha area, northwest Ethiopia (Gete, 2001). Kebrom 
and Hedlund (2000) reported settlements increased at the expense of shrublands and forests between 
1958 and 1986 in the Kalu area, north-central Ethiopia. On the other hand, the deforestation trend was 
reduced through appropriate interventions by promoting the planting of local tree species in the Chemoga 
Watershed, Blue Nile basin, Ethiopia (Woldeamlak, 2003) between 1957 and 1998. Similarly, Alemayehu 
(2007) concluded that in the Beressa Watershed (central Ethiopia), there were substantial land use 
changes in the area during the second half of the 20th century. The most important changes were the 
destruction of the natural vegetation, increased plantations, and expansion of grazing land. 

To understand the interaction effect of LULCC on earth systems (e.g., hydrosphere, biosphere, and 
atmosphere), accurate information on what type of change occurs, when and where it occurs, and the 
rate of changes that occur is needed (Lambin, 2001). Wejic watershed requires Detection and Analysis of 
Land Use and Land Cover Dynamics study, which necessarily leads to an improved understanding of the 
process of land use and land cover change, which researchers and policymakers would pursue to 
establish effective conservation and management strategies for land resources. 

  



 

 

2. MATERIALS AND METHODS  
2.1. Area description  

The study was undertaken at Wejic Watershed in Raya Azebo district, southern Tigray (Northern 
Ethiopia) (Figure 1). It is about 5 km west of Moheni town, the district capital. It lies between 39016’30’’ to 
39037’30’’ E and 12040’30’’ to 12049'30'' N, with an altitude ranging from 1828 to 3450 m.a.s.l.

 
Figure 1 Map of the study watershed 

The study watershed is located in three districts, Emba Alaje (11.5 %), Enda Mohoni (10.9 %), and Raya 
Azebo (77.6 %). Based on the regional government of Tigray geological map, the study watershed is 
classified into Alaje formation.  

2.2. Climate  

A large part of this district is in the mid highland zone (80% of area), with the lowland (500-1500 masl) 
and highland (2300-3200 m.a.s.l.) areas covering 18.6% and 1.4% of the district, respectively. Rainfall is 
bimodal, but potential evaporate-transpiration is high and exceeds rainfall amount in most of the years 
(Weldeamlak et al. 2015). According to the metrological data of Tigray regional state, the study district's 
mean annual rainfall is 690 mm, and the mean monthly temperature varies from 12 to 28.8 oC (Figure 2). 



 

 

 

Figure 2 metrological data of the study watershed 

According to FAO (2006) land slope classification, the watershed was classified into seven slope types: 
flat (<3%), gentle sloping (3–8%), rolling or sloping (8–15%), hilly (15–30%), mountainous (30–40%), 
steep mountainous (40–60%), and very steep mountainous (>60%). Therefore, the slope in the study 
watershed varies from flat to very steep mountainous (Figure 3).

 
Figure 3 Land Slope classification of the study watershed 
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2.3. Study methods  
2.3.1. Site selection  

The study watershed was selected in consultation with the district watershed experts and on field survey 
following the pre-developed criteria, such as the existence of different land uses, various slope 
classes/landforms, and the existence of different agro-ecologies and watersheds with an age of two 
decades or more. As shown in the photo below, the left side and the right side indicate the lower and 
upper parts of the watershed, respectively (Figure 4).

 
Figure 4 Photo showing the study Watershed in part (photo: Abadi, 2017) 

According to FAO's (2006) landform classification, the Watershed is classified into three parts (landforms) 
which are the upper part, middle part, and lower part. The entire Watershed contains four land use types. 

2.3.2. Data collection and analysis  

Land use and land cover data were obtained from Landsat images for the years 1998 TM/Landsat 5 & 8 
and 2017 ETM+/Landsat 7 for December. In this month all crops are harvested, and the average monthly 
rainfall of those years is almost the same. The images were acquired from the United States Geological 
Survey (USGS) via http://earthexplorer.usgs.gov/. The year 1998 was selected because it is the year 
when an integrated watershed approach was introduced to the Tigray region (Irish Aid, 2006). Land use 
and land cover types were described based on the land use and land cover description guide proposed 
by Teka et al. (2014) (Table 1). 

Table 1 Land use and land cover description 

Land use and land cover 
classes 

Each land use class description  

 

Forest land 

Patches with a canopy cover over 50%. These can be remnants of 
high natural forest, found in small patches around churches, on steep 
slopes and less populated areas, or recent eucalyptus plantations. 

 

Cultivated land 

Annual and perennial crops (>70% of the land), frequently observed on 
level lands (plains, plateaus, foot slopes, and valley floors) 



 

 

 

Bushland 

Dominant vegetation lower than 3 m but higher than 1 m with a canopy 
cover above 15%, or dominant vegetation below 1 m with a canopy 
cover above 50% 

 

Shrub land 

Dominant vegetation lower than 1 m, with a canopy cover below 50% 
but higher than 5% 

Homestead  Residences, administrative buildings, and small industrial, and trade 
enterprises. 

Image pre-processing and post-classification were done to correct errors (Figure 3). A total of 430 ground 
control points (GCPs) were collected with the help of a global positioning system (GPS). These (GCPs) 
were grouped into two, in which 50% was used for classification by the earth resources data analysis 
system (ERDAS-imagine v 2014) and the remaining for validation. Land cover maps of the different years 
were created with the help of ArcGIS software 10.2, and change detection was also done to see the 
temporal and spatial variations. 

The rate of land use and land cover change was calculated for each land use and land cover using the 
following formula. 

Rate of change(܉ܐ
ܚܡ
࢟ࢊ࢛࢚࢙࢒ࢇ࢏࢚࢏࢔࢏ି࢟ࢊ࢛࢚࢙࢒ࢇ࢔࢏ࢌ=(			

࢒ࢇ࢜࢘ࢋ࢚࢔࢏ࢋ࢓࢏࢚
−− −−− −−− −− −Equation 1 

Based on this formula rate of land use land cover change between 1998 and 2017 year was calculated. 
This method was used by several authors like Abate S. and K.L. Singh (2011). 

 
Figure 5 Representation diagrams for analyzing land use and land cover dynamics in the years 1998 and 
2017 

 



 

 

2.3.3. Accuracy Assessment  

For this study, the producer’s accuracy, user’s accuracy, omission error, commission error, overall 
accuracy, and kappa coefficient were assessed to validate the reliability of the land use land cover 
classification based on pixel-to-pixel comparison for the year 2017 LULC categories. The overall 
accuracy, kappa coefficient, user’s accuracy, and producer’s accuracy were mathematically estimated as 
the following questions:. 

User’s accuracy= 	ܑܑۯ
(ାܑۯ)

… … … … … … … … … … … … … … … Equation	2 

Producer’s accuracy= ୅୧୧	
(୅୧ା)

… … … … … … … … … … … … Equation	3 

Overall	accuracy =
C
D … … … … … … … … … … … … … … Equation	4 

Where Aii= total number of observations in row i and column i, Ai+ and A+iare the marginal totals of row i 
and column i, respectively. N= total number of observations, C= total number of correct pixels, and D = 
total number of pixels in the error matrix.  

In this study, the land use and land cover change matrix was calculated from the years 1998 to 2017. The 
overall accuracy value was expressed by the sum of the diagonal pixels converted into a percentage of 
the area (Paegelow et al. 2014). And also Fan et al. (2008) also express how many measurements have 
been proposed to improve the interpretation of the change matrix. However, the kappa coefficient is one 
of the universally used to find the accuracy assessment techniques. In this study, overall accuracy, kappa 
coefficient, omission error, and producer’s accuracy results were calculated. 

 

Table 2 Level of the kappa coefficient 

Kappa coefficient (khat) Level of agreement/ accuracy 

>0.80 Strong 

0.40-0.80 Medium  

<0.40 Poor 

Source (Lillesand and Kiefer, 1994)  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

3. RESULTS AND DISCUSSIONS 

3.1. Spatial and temporal land use and land cover detection 
In the study Watershed, five major land use and land cover types were identified (Figure 8). The classified land 
use and land cover types are forests, bushland, shrubland, cultivated land, and homesteads. Those land use and 
land cover types are mostly dominant in the study watershed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Land cover map of the study periods 

Table 3 Land covers classes of coverage in each date of study image 

 

Land cover type 

Land cover in each year image of 1998 and 2017 

1998 2017 

ha % ha % 

Forest 819 32.3 730.3 28.8 

Cultivated 509 20.1 464.5 18.3 

Bushland 776 30.6 727.7 28.7 

Shrub land 272 10.7 381.1 15 

Homestead 160 6.3 232.4 9.2 

 



 

 

Total  2536  2536  

According to the above table, only about 20% and 18% of the land cover were under cultivation in the 
years 1998 and 2017, respectively. This reduction occurred due to the implementation of exclosures and 
land rehabilitation programs. Therefore, massive areas were protected to improve the vegetation 
coverage during this time. Eskinder et al. (2017) reported lined with this result, which is cropland 
coverage declined for the year between 1984 and 1995 by 21.4%. As a result of the unwise use of forest 
and illegal construction of resettlement, land use coverage of forest, bush, and cultivated showed a 
decline of 3.5%, 1.9%, and 1.8%, respectively. A rapid reduction in woodland from 8.35% to 0.28% and 
grassland from 7.75% to 0.91% cover in the landscape took place between 1972 and 2007 (D. Tsegaye 
et al., 2010). 

3.2. The extent and rate of land use and land cover change 
As shown in Table 4, shrub and homestead land cover increased from 10.7% to 15% and 6.3% to 9.2%, 
respectively. The increment of shrubland is from bushland and forest land directly and indirectly. Because 
the bushland and forest land are used by the population for economic aspects, construction, and 
agricultural instruments. On the other hand, the increment of homestead changed directly from the 
cultivated land due to new resettlement built after the single marriage. Most of the resettlement 
construction of the study area is done on the cultivated land. Due to this reason, the size of cultivated 
land and forest land decreased from 1998 to 2017 by 8.7% and 10.8%% respectively (Table 4). Also, 
bushland cover type decreased from the year 1998 to 2017 by 6.2%. Terefe et al. (2016) reported that, 
similar to this finding, forest cover decreased by 14.7% between 1973 and 1986 and by 38.5% between 
1986 and 2001. But, contradictory to the result of shrub land, which is shrub lands were also reduced by 
25.9% from 2001 to 2015 because, during the study period, shrub land was mainly converted to 
cultivation and settlement. The land use and land cover change were also mapped (Figure 6). 
 
Table 4 Changes in land use and land cover from 1998 to 2017 

LULC  1998 2017 LULC changes b/n 1998 and 2017 Rate of change 

Area (ha) % Area (ha) % Area (ha) % Ha/yrs. 

Forest 819 32.3 730.3 28.8 -88.7 -10.8 -4.4 

Cultivated 509 20.1 464.5 18.3 -44.5 -8.7 -2.23 

Bushland 776 30.6 727.7 28.7 -48.3 -6.2 -2.42 

Shrubland 272 10.7 381.1 15 109.1 40.1 5.46 

Homestead 160 6.3 232.4 9.2 72.4 45.3 3.62 

Total 2536 100 2536 100 - - - 

Where he stands for hectares and yrs. is also for years. 

The land use and land cover change matrix results show the direction of change and its remains. 
Therefore, the change matrix of the land use land cover is depicted in (Table 5) which is columns that 
represent the initial study year categories and rows that contain the final study year categories.  



 

 

 
Figure 7 Map of land use and land cover change 

Table 5 Summary of LULC change matrix in ha from 1998 to 2017. 

From 
Forest 
land 

Cultivated 
land Bushland Shrub land Homestead Total (2017)b   TO          

Forest land 730 0 0 0 0 730 

Cultivated land 0 432.5 20 0 12 464.5 

bushland 59.2 61.5 572 15 20 727.7 

shrub land 14 15 89 253.1 10 381.1 

Homestead 15.8 0 95 4 118 232.4 
total(1998)a 819 509 776 272 160.3 2536 

The total sum of the rows is the amount of land cover for each LULC in the initial study year (1998). The 
total sum of the column is also the amount of land cover for each LULC in the final study year (2017).The 
amount of changed land from one land use and land cover into another LULC is listed in each cell of the 
above table. Similar to this finding, Abate et al. (2011) reported that the forest land changed into 
shrubland and bushland. While shrubland changed into bushland and cultivated land. 

3.3. Level of Accuracy assessment 
The Overall accuracy, kappa coefficient, user accuracy, and producer’s accuracy for the year 2017 were 
estimated in the following table. 

Table 6 Level of kappa coefficient of agreement 



 

 

LULC 

2017 

Reference data Classification accuracy (%) 

FL CL BL SL HS Total User’s accuracy Errors of commission 

FL 46 0 3 1 0 50 92 8 

CL 0 51 0 2 1 54 94.4 5.6 

BL 3 4 45 3 0 55 81.8 18.2 

SL 1 5 2 33 1 42 78.6 21.4 

HS 0 0 0 1 13 14 92.9 7.1 

Total  50 60 50 40 15 215 - 60.3 

PA 92 85 90 82.5 86.7    

EO (%) 8 15 10 18 13.3    

OA (%) 87.4        

KC 0.84        

Where PA = producers’ accuracy, EO = error of omission, OA= overall accuracy and KC = kappa 
coefficient 

4. CONCLUSIONS AND RECOMMENDATIONS   
In this study, LULC detection of Wojic watershed over the last two decades was analyzed. The result of 
the study showed that significant change detection had been observed during the study period. Shrub 
land and residential/homestead areas showed an increasing trend of 5.46 and 3.62%,  respectively, while 
forest, bush land, and cultivated areas showed a decreasing trend of 4.4, 2.42, and 2.233%, respectively. 
This result discovered that the change of forest, bush land, and cultivated land to shrub and 
residential/homestead areas may cause problems, including changes in stream flow, soil degradation, 
and hydrological systems in the watershed. These changes could have implications for sustainable 
resource management and the livelihood of the local society. Therefore, developed land management 
practices (soil and water conservation), reinforced agricultural inputs, integrated watershed management 
(land use planning and management), and active participation of the local community should be 
advanced to prevent undesirable LULC dynamics in the watershed. In this study, the change detection 
analysis using GIS and remote sensing could deliver useful information to understand the seasonal 
patterns of land use dynamics for planners and decision makers; consequently, sustainable land 
management planning is possible. 

Based on the study the following points are recommended: 

 Forest land is highly decreased while the correspondent shrub land and homestead is increased 
in the last two-decade years (1998-2017) and this has to be needed preserve the forest area 
through protection and afforestation. 

 Increasing forest cover through tree plantation and natural regeneration should be encouraged 
and deforestation must be prohibited in all watersheds of Tigray region. 

 
 

  



 

 

Reference  
Abate Shiferaw and K.L. Singh, (2011). Evaluating Land Use and Land Cover Dynamics in Borena 

Woreda, South Wollo Highlands, Ethiopia. EJBE 2(1); 64-104. 
Alemayehu Kiflu, (2007). Effects of different land use systems and topography on soil properties at Delbo 

watershed, Wolaita zone. MSc Thesis, Awassa University, Ethiopia. 64p. 
Bin Q, Jian-Fei CHEN, Hong-Lie QIU, Römkens MJM, Xiao-Qi YANG, Jiang SF, Bi-Cheng LI (2006) 

Spatial-temporal pattern and driving forces of land use changes in xiamen11project supported by 
the Fujian Provincial Natural Science Foundation of China (No. D0210010). Pedosphere 
16(4):477–488 

Deng X (2011). Modeling the dynamics and consequences of land system change. Springer, Berlin, pp 
257–261 

Diress Tsegaye, Stein R. Moe, Paul Vedeld and Ermias Aynekulu, (2010). Land-use/cover dynamics in 
Northern Afar rangelands, Ethiopia, Norwegian University of Life Sciences, 174-180 

Food and Agriculture Organization (FAO) (Eds) (2006). Guidelines for soil description. The United 
Nations, Rome. 

Gete Zeleke and H. Hurni (2001). Implications of land use and land cover dynamics for mountain 
resources degradation in the north-western Ethiopian highlands. Mountain Research and 
Development 21(2): 184-191. 

Gidey, E., Oagile D., Reuben S. Eagilwe S. and Amauel Z., (2017). Modeling the spasio-temporal 
dynamics and evaluation of land use and land cover (1984-2015) using remote sensing and GIS 
in Raya, Northern Ethiopia. p. 1-17 

IRIS AID. (2006).Evaluation of the Irish Aid/Tigray Regional support program (TRSP). 
Kebrom Tekle and L. Hodlund. (2000). Land cover changes between 1958 and 1986 in Kalu district, 

southern Wollo, Ethiopia. Mountain Research and Development 20(1): 42 51. 
Kassa T., Anton V., Jean P., Simon V., Jozet D., Kassa A. (2014). Spatial Analysis of Land Cover 

Changes in Eastern Tigray (Ethiopia) from 1965 to 2007, Earth and Environmental Sciences, KU 
Leuven, Heverlee, Belgium 

Lambin, F.E., Turner, B.L., Geist, J.H. (2001). The causes of land-use and land-cover change: moving 
beyond the myths. Global Environmental Change, 11: 261−269. 

Mas JF, Kolb M, Paegelow M, Olmedo MTC, Houet T (2014) Inductive pattern-based land use/cover 
change models: a comparison of four software packages. Environ Model Software 51:94–111 

Rawat JS and Kumar M (2015) Monitoring land use/cover change using remote sensing and GIS 
techniques: a case study of Hawalbagh block, district Almora, Uttarakhand, India. Egypt J 
Remote Sens Space Sci 18(1):77–84 

Tefera T., Feyera S. and Mogos K. (2016).Landscape composition and configuration in the central 
highlands of Ethiopia. 

Turner, B.L, D. Skole and S. Sanderson (1995). Land-use and land-cover change: Science/Research 
plan. IGBP Report 35 / HDP Report 7. IGBP Press Stockholm and Geneva. 165. 

Turner, B.L., Lambin, E.F., Reenberg, A. (2007). The emergence of land change science for global 
environmental change and sustainability. Proc. Natl. Acad. Sci. U.S.A. 104, 20666–20671. 

WoldeamlakBewket and L. Stroosnijder (2003). Effects of agro-ecological land use succession on soil 
properties in the Chemoga watershed, Blue Nile basin, Ethiopia. Geoderma.111: 85-98. 

Yifru A, Taye, B. (2011). Effects of land use on soil organic carbon and nitrogen in soils of Bale, South-
eastern Ethiopia. Tropical and Subtropical Agro ecosystems, 14:229 – 235. 

Yimer, F., Ledin, S., Abdulakdir, A. (2007). Changes in soil organic carbon and total nitrogen contents in 
three adjacent land use types in the Bale Mountains, southeastern highlands of Ethiopia. For 
Ecol. Manag., 242: 337−342. 


