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ABSTRACT 

The few policies that existed to stop the accelerating rate of land degradation were poorly enacted because 

institutions involved in land-related policies changed frequently. Three different governments have been in 

power in Ethiopia since 1972, and the policies implemented by each have directly affected land use. To do 

this, the studies analyze the LULC changes by considering the major political and policy reforms from 

1970s. For this study, four LANDSAT images covering over a period of 1972 (Landsat-1 MSS); 1984 

(Landsat-5 TM); 2000 (Landsat-7 ETM+) and 2014 (Landsat-8 OLI_TIRS) was used and analyzed 

using Arc GIS 10.1 and Erdas Imagine 13. Supervised classification system was used to classify the images 

of different land use categories. Generally Farm land, Settlement land, Grazing land, Forest land, Bush 

land, Water bodies and Bare/stony land was identified. The result shows that there is decreasing of Bush 

land from the year 1972 to 2014 and forest land from the year 1984 to 2014. And there was increasing of 

Agriculture and settlement from the year 1972 to 2014. 
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Contribution/ Originality 

This study contributes in the existing literature for the contribution of government policy 

reforms from 1970s on land use land cover. This study is important to understand government 

policy reforms on natural resource management in general and land cover change in particular. 

 

1. INTRODUCTION 

Ethiopia is one of the most well endowed countries in Sub-Saharan Africa in terms of natural 

resources including fauna and flora. However, the country faces different problems in relation to 
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natural resource management. From this, soil erosion is one of the most serious environmental 

problems (Million and Kassa, 2004; Gete, 2010). The major causes of soil erosion are associated 

with various factors. Some of these factors are: low adoption of introduced SWC technologies due 

to the benefits are too long term, the increasing of population, institutions and policy issues 

(Gizachew, 1994; Gizaw et al., 2009). The causes of soil erosion is also related to surface run-off 

draining to neighboring countries by transboundary rivers (EPA, 1998) in this Ethiopia is ‘the 

country largest export’ to Egypt (Woldeamlak, 2003) land cover change (Woldeamlak, 2002; Eric 

et al., 2003; Haile and Assefa, 2012) civilization expansion into new areas for better soil (Hurni, 

1988), Land degradation was largely neglected by policymakers until the 1970s (Genanew and 

Alemu, 2010) and by the components of climate (such as rainfall and wind) (Bezuayehu et al., 

2002). In the 21st century, global environmental changes are increasingly on top of the 

international scientific and political agenda (Efrem, 2010) in doing of this, the Ethiopian 

government and international donors have initiated a number of programs that promote yield-

enhancing and dissemination of soil and water conservation technologies (Mahmud and Kohlin, 

2009). According to Zenebe (2009) there are three categories of SWC extension program in 

Ethiopia, i.e. the 1957- 1968 (emphasized industrialization and large scale commercial farming), 

between 1968 and 1991 (small scale farming and focused only physical SWC activities) and post-

1991(a number of strategies was applied such as ADLI, food security strategy, poverty reduction 

strategy, natural resource conservation strategy, resettlement policy). 

In due course, the national SWC and afforestation efforts were induced in response to the 

1972/73 drought and its consequences through Food-For-Work (FFW) incentive (Woldeamlak, 

2003). The main conservation activities were (1) farmland bunding (terracing), (2) afforestation 

and reafforestation programme, (3) area closure and (4) gully control (EEA/EEPRI, 2002). For 

the afforestation programme, Eucalyptus species became the centre of endeavor throughout large-

scale plantation schemes in the country: commonly quite extensively in Gojjam area (Feyera et al., 

2010). The efforts make in to practices in soil conservation was started since the 1970s and 1980s 

through Food-For-Work payments for motivating farmers (Abera, 2003; Ludi, 2004) and 

supported by donor and non-governmental organizations in areas where the problem of soil 

erosion is destructive and food deficit is widespread (Bekele and Holden, 1998; Gete, 2010).  From 

the year 1971- 1993, a massive soil conservation programme was launched in Ethiopia through 

FFW incentive. During this period, 15% of the Ethiopian highlands that required conservation 

efforts were covered (Hurni, 1988). In terms of physical works: about 600 km of earth and stone 

bunds were constructed on cultivated lands; about 300,000 km of hillside bunds were built for the 

afforestation of steep slopes; about 100,000 hectare of hilly land were closed for regeneration of 

natural vegetation; thousands of tree seedlings were raised in nurseries and transplanted on the 

afforestation sites and thousands of check dams have been constructed in gullies (Hurni, 1988).  

Alemayehu and Arnalds (2011) studied on Land Use and Land Cover Dynamics in the 

Ethiopian Highlands between 1868 to 2008. The land use and land cover change from 1980s-

2000s showed continued declines of shrub lands and forest cover, but improvements in vegetation 

cover in some areas. 
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1.1. Statement of the Problem  

The study of Land use/cover pattern is providing information for managing dynamics of land 

use and meeting the demands of increasing human population (Yadav et al., 2010). On the other 

hand, Information on land and land cover change in the form of maps and statistical data is very 

vital for special planning, management and utilization of land for agriculture, forestry, pasture, 

urban-industrial, environmental studies, economic production etc (Roy and Giriraj, 2008).  

Therefore, this study was intended to examine the application of GIS and remote sensing in 

mapping land use and land cover change that is taken place connecting from the year 1972 by 

considering the major political and policy reforms from 1970s. 

  

1.2. Objectives of the Study  

1.2.1. Main (General) Objective of the Study 

The main objective of this study is to examine the Implication of Policy Reforms from 1970s 

on Land Use and Land Cover Change analysis in Kilite Awulalo District, Eastern Tigray Zone, 

Ethiopia. 

 

1.3. Specific Objectives of the Study 

1.3.1. The Specific Objectives of this Study are to 

A. Analyze the LULC changes by considering the major policy reforms from 1970s. 

 

2. SITE DESCRIPTION (LOCATION) 

The study area is located in Tigray region; north part of Ethiopia within the geographical 

grid coordinates of 13°33'37.618"N to 13°57'29.447"N latitude and 39°18'8.606"E - 

39°41'44.647"E longitude. The District is bounded with Saesie Tsaedaemba District in the north, 

Hawzen District in the North West, Enderta District in the south, Degua Temben District in the 

South West and Atsbi wenberta District in the East. 

 

  
Figure-1. Location map of the Area 
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3. MATERIALS AND METHODS  

 

Table-1. Source and Satellite Images data collection processing 

Satellite/ 
craft_ID 

Sensor   
ID 

Path/ro
w 

Date of 
acquisition 

Spatial 
resolution/ 
Cell Size (m) 

Sun 
Elevation  

Cloud 
Cover  

Landsat-1  MSS 181/050 1972-11-02 60M 50.860 -1 
Landsat-5  TM 169/050 1984-11-22 30m 46.140 -1 
Landsat-7 
 

ETM+ 
 

168/050 2000-02-05 30m 47.3496 0 
168/051 2000-02-05 30m 48.1988 0 
169/050 2000-01-27 30m 45.8008 0 

Landsat-8 OLI_T
IRS 

168/50 2014-03-07 30m 56.46464 0.60 
168/51 2014-03-23 30m 61.10639 3.90 
169/50 2014-03-30 30m 62.39484 0.48 

 

For the study of LULC, Ground Control Points (GCP‘s) were identified before interpretation 

of the satellite images. For this study supervised image classification was done. Which means, the 

analysts trains the computer to recognize patterns in the data by selecting pixels that represents 

patterns or land cover features that recognizes, the signature files thus created are then used in 

the classification process where each pixel is categorized into the land cover class it mostly 

resembles. 

Coefficient of variation (CV) was used to measure the reliability of the experiment. The 

theoretical framework is that if an attempt is made to compare two experiments based on mean 

value then the comparison may be biased since measurements may be done on same scale.  On the 

other hand if variance is used for comparison, experience showed that variance is highly related to 

mean and if mean is large variance tends to be large invalidating the comparison.  Therefore, to 

compare two similar experiments, a ratio of variance by mean is selected as this quantity has no 

unit of measurement and since it remains constant throughout.  

                         (  )  
                  

    
    ……………….……………..…….. (1) 

3.1. Software Used 

Certain parameters/algorithms of the following software would be used for the processing 

and/or analysis of data/images. 

a) Arc GIS 10.1: Preparation of Location of the project area, Data base generation and 

for Image classification 

b) Quantum GIS 2.6 for changing DN values to reflectance 

 

4. RESULTS AND DISCUSSION 

Based on the priori knowledge of the peoples those lived in the study area and through 

observation and image classification methods, five major land uses and land cover types were 

identified in Kilite Awulalo District. These include forest, shrub/bush, agricultural land, 
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rock/bare land and settlement based on the characteristics of Landsat satellite images of the year 

1972, 1984, 2000 and 2014. 

 

 
a) Bush land: small trees in some cases mixed with grasses 

 

  
b) Water c) Rocky/Bare land 

                          

  
d) Settlement and Forest e) Agriculture 

Figure-2. Photograph, land uses and land cover types of the study area (a- e Taken in 2014) 
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4.1. Land Use Land Cover Classification  

 

 
Figure-3. LULC map of the Kilite Awulalo in 1972 (Left) and 1984 (Right) 

 

 
Figure-4. LULC map of the Kilite Awulalo in 2000 (Left) and 2014 (Right) 

 

 
Figure-5. Land use land cover types and trends of 1972, 1984, 2000 and 2014 

 

4.2. The Implication of Policy Reforms for Land Use Land Cover Change for Different 

Years  

4.2.1. Land Use/Land Cover Change in the Area (1972-1984) 

Three different governments have been in power in Ethiopia since 1972, and there policies 

implemented by each have directly affected on land management system in general and land use 

land cover in particular. Before 1974, the relationship between land users and owners was based 

on a feudal system under which the ownership of land was limited to a few individuals or land 
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lords, and most inhabitants could access farmland only through sharecropping. After the downfall 

of the empirical regime, the military government called Derg took power and there was a 

significant change in the land use types among different land use categories. The period from 

1972-1984 is the closing period of empirical regime and most of the Derg regime.  

As change detection is depicted (Figure 5) forest land is somewhat increase from 1972 to 

1984. This is due to the fact that Derg has given more emphasis to mountain plantation program 

(afforestation and reafforestation), and hence most highlands were covered by vegetation. Since 

there was plantation program mainly in mountainous areas, the proportion of rocky/bare lands 

decreased during these periods, this may also be true for the case of Kilite Awulalo. In addition to 

this due to the increasing trend of population growth, there was extension of agricultural lands 

through plowing of Bush lands.  In relation to population growth additional land for settlement 

was needed, hence settlement land (Figure 5) show an increasing trend from the year 1972 to 

1984.  

 

Table-2. For mapping and monitoring land use land change unique values 

No 
 

1972 value 1984 value 

1 Building/Settlement 1 25 

2 Green area/Forest 2 5 

3 Bush land 3 10 

4 Rocky/Bare land 4 15 

5 Agriculture  5 20 

                                  Source: Study  

 

Table-3. Land use land cover change 

 Land use 
changed to 

Value  
1984 

 values  
1972 

New values Change  
(1984 - 1972) 

Explanation  

1 

Building or 
Settlement 

25 1 24 Settlement to Settlement 

25 2 23 Settlement to Forest 

25 3 22 Settlement to Bush land 

25 4 21 Settlement to Rocky 
25 5 20 Settlement to Agriculture 

2 

Green area or 
Forest 

5 1 4 Forest to Settlement 

5 2 3 Forest to Forest 

5 3 2 Forest to Bush land 

5 4 1 Forest to Rocky  

5 5 0 Forest to Agriculture 

3 

Bush land 

10 1 9 Bush land to Settlement  

10 2 8 Bush land to Forest  

10 3 7 Bush land to Bush land 

10 4 6 Bush land to Rocky 

10 5 5 Bush land to Agriculture 

4 

Rocky 

15 1 14 Rocky to Settlement 

15 2 13 Rocky  to Forest 

15 3 12 Rocky to  Bush land 

15 4 11 Rocky to  Rocky 

15 5 10 Rocky to  Agriculture  

5 

Agriculture 

20 1 19 Agriculture to Settlement 

20 2 18 Agriculture to Forest 

20 3 17 Agriculture to Bush land 

20 4 16 Agriculture to Rocky  

20 5 15 Agriculture to Agriculture 

   Source: Study 
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Figure-6. Kilite Awulalo District: Land use land cover change from 1972 – 1984 

 

4.2.2. Land Use/Land Cover Change in the Area (1984 -2000) 

The period from 1984 -2000 is the second half of the era of military government (Derg), and 

hence most of the land use land cover changes are results of policies and proclamations changes.  

As it can be observed from result (fig. 5), there was an increasing trend of population number and 

hence resulted a shortage of agricultural and settlement land as well as additional water source 

was needed due to drought. The response for this pressure was expansion towards bush lands and 

forests. As a result the bush and forest lands had shown a declining from 1972 to 1984. Since the 

period was towards end of military government there was instability and drought and famine 

have led to the displacement or death of millions of Ethiopian citizens, there was no conservation 

of uplands and which resulted more lands were changed to rocky/bare lands (Selome and Assefa, 

2010). 

 

4.2.3. Land Use/Land Cover Change in the Area (2000 - 2014) 

From the year 2000 to 2014, there is an increase of agriculture, settlement, and 

water/artificial lake; and there is a decline of forest, bush land and rocky/bare land areal coverage 

(fig. 5), the contributing factors for this land use land cover change is population pressure. The 

population of Ethiopia in general and Tigray state in particular is growing rapidly from year to 

year. When population pressure increases, they need more land and resulting agricultural 

expansion. From fig. 5 we can conclude that population pressure in Tigray state particularly in 

the study area results in an increase of proportion of agricultural land, settlement areas artificial 

lakes. On the other hand since the land is limited resource enhancement of the above land use 

types resulted in the decline of forest and bush lands (Selome and Assefa, 2010). 

The Policy of present government is gives more emphasis for soil and water conservation 

activities especially on hill areas in the highland parts of Ethiopia. To do this there is mass 

mobilization soil and water conservation in the dry season through free labor workers as well as 
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food-for-work and cash-for-work programmes. Originally every dry season, for four months, the 

farmers in Tigray state were mobilized to treat catchments by building stone bunds over entire 

catchments, starting with higher level fields.  

The soil and water conservation strategies in the highland parts of Ethiopia were mainly 

focuses on the construction of physical structures depending on the topography and land use 

pattern. For steep and uncultivated lands contour stone bunds, cut-off ditches and contour 

furrows are used. For cultivated lands, contour stone bunds, soil bunds, or grass strips, 

complemented by check dams for gully control are used. To complement these physical 

structures, biological measures, such as tree planting and enclosures for natural regeneration are 

used Since 2001/2002 about 600,000 ha of land has been terraced and 4,600 km of gullies treated. 

An average of 7–8 million person-days/year of labor was utilized. As a result of this, the coverage 

of rocky/bare lands in the study area decreases from the year 2000 to 2014 (Central Statistical 

Agency [Ethiopia] (CSA), 2007; Ministry of Finance and Economic Development (MoFED), 

2010; Selome and Assefa, 2010).  

 

Table-4. For mapping and monitoring land use land change unique values 

No 
 

2000 value 2014 value 

1 Building/Settlement 1 25 

2 Green area/Forest 2 5 

3 Bush land 3 10 

4 Rocky/Bare land 4 15 

5 Agriculture  5 20 

                                  Source: Study 

 

Table-5. Land use land cover change 

 Land use changed 
to 

Value  
2014 

Value 
2000 

New values Change (2014 - 
2000) 

Explanation  

1 

Building or 
Settlement 

25 1 24 Settlement to Settlement 

25 2 23 Settlement to Forest 

25 3 22 Settlement to Bush land 

25 4 21 Settlement to Rocky 

25 5 20 Settlement to Agriculture 

2 

Green area or 
Forest 

5 1 4 Forest to Settlement 

5 2 3 Forest to Forest 

5 3 2 Forest to Bush land 

5 4 1 Forest to Rocky  

5 5 0 Forest to Agriculture 

3 

Bush land 

10 1 9 Bush land to Settlement  

10 2 8 Bush land to Forest  

10 3 7 Bush land to Bush land 

10 4 6 Bush land to Rocky 

10 5 5 Bush land to Agriculture 

4 

Rocky 

15 1 14 Rocky to Settlement 

15 2 13 Rocky  to Forest 

15 3 12 Rocky to  Bush land 

15 4 11 Rocky to  Rocky 

15 5 10 Rocky to  Agriculture  

5 

Agriculture 

20 1 19 Agriculture to Settlement 

20 2 18 Agriculture to Forest 

20 3 17 Agriculture to Bush land 

20 4 16 Agriculture to Rocky  

20 5 15 Agriculture to Agriculture 

     Source: Study 
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Figure-7. Kilite Awulalo District: Land use land cover change from 2000 – 2014 

 

From table (Table 6) Coefficient of Variance (CV) for each land use land cover is calculated 

and Settlement have largest Coefficient of Variance (CV)  which means the change of Settlement 

is higher than other land use land cover types which is followed by bare/rocky land, Agriculture 

land, Forest land, Bush land and water body. 

 
Table-6. Statistics for Land use and land cover change for Kilite Awulalo District 

 
 

7. CONCLUSIONS  

Satellite image represents a powerful and attractive data that can be used for investigation of 

land use land cover. From image analysis, the results of this study showed that there was a 

change in land use land cover in the study area. The change detection clearly depicts that 

agricultural land routinely increased throughout the periods might be due to increasing trend of 

population growth. The need for settlement land is another issue related with population 

pressure. Hence, it has resulted in reduction of forests and bush lands. Water/artificial lake from 

the beginning were not there but due to the above episode, that is the establishment of new 

settlements and expansion of agricultural lands there was a need for having additional water 

sources which we can call artificial lakes. Hence, it becomes the government’s policy option to 

expand artificial water sources for home consumption as well as for agricultural use. Regarding 

rocky/bare lands, population increment resulted in cultivation of uncultivable lands. As a result 

they   showed   increasing trend for some times, however, the government had planned to protect 
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the environment through research based soil water conservation strategies and hence resulted in 

reduction of bare lands. 
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