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Abstract 

Livestock production is mainly dependent on the productivity and sustainability of the rangelands’ 

capacity to supply feed for the livestock. However, in recent times the Borana rangeland is unable to 

sustain supply enough feed to the livestock because of the degradation of the rangeland. Remote 

Sensing and GIS techniques are of paramount importance to investigate degradation hotspots and 

select suitable rehabilitation sites for sustainable rangeland. Therefore, this research aims to assess 

and identify degraded areas as well as suitable sites for rehabilitation in Borana Zone using Remote 

Sensing and GIS Techniques. The data used in this paper are Landsat 7ETM+ and Landsat 8 OLI 

Satellite images of 2002, 2012 and 2021, elevation, soil, and climate data. Land Use Land Cover 

(LULC) degradation, soil degradation due to erosion and deposition, and soil pH degradation were 

considered as rangeland degradation indicators. LULC, soil (soil depth, soil texture, soil pH, soil OC, 

and total Nitrogen (TotN)), elevation, rainfall, and temperature factors were used for suitability 

analysis. Weighted overlay analysis, and Multicriteria decision Analysis (MCDA) method supported 

by Analytical Hierarchy Process (AHP) were applied to identify the degraded areas and suitable sites 

for rangeland rehabilitation. The result of the study indicates that 6.33% of the rangeland cover is 

highly degraded. Whereas, 46.98%, which is the majority of the rangeland, has a moderate 

degradation level.  The marginally degraded area covers 18.97% of the total rangeland while 27.70% 

of the total rangeland has no or very low degradation. With respect to suitability, the highly suitable 

site selected covers an area of 7.9%, while the majority of the study area (81.4%) is moderately 

suitable. The result shows that 10.7% of the area has a marginal contribution for rangeland 

rehabilitation. Whereas, negligible amount (0.002%) of the rangeland is not suitable.  The findings 

indicate that there is a high risk of conversion of the moderately degraded areas into a highly degraded 

condition and hence, it is important to Consider degradation protection measures and rangeland 

restoration sooner. 

 

Key words: Rangeland, Degradation, Suitability, Analysis, NDVI, USPED 
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CHAPTER ONE 

1. INTRODUCTION  

1.1. Background of the Study 

Pastoralism is a cultural source of revenue, where its base is a widespread use of rangelands, that is 

practiced in arid and semi-arid dry land areas (Abduselam, 2019). In Asia, china has 400 million 

hectares area of rangelands out of which, 313 million hectares is pastureland (Han et al., 2008). Thus, 

according to Han et al, (2008), china is second in the world, next to Australia. In central Asia 

(Kirgizstan), rangelands cover 49% out of the total land of the country (Carol Kerven and Odessa 

Centre, 2006).  Pastoralism in the Sahel region is the major and most important source of economy in 

which 50 million people in the region are dependent on it for their livelihood (Haan et al, (2014). 

Pastoralism in Ethiopia is the backbone of most people living in the arid and semi-arid low land areas. 

Pastoralists (Abduselam, 2019; Teshome & Ayana, 2016) occupy about 61%-65 % of the total area of 

the country. Concerning the amount of livestock and area coverage, the Somali in the eastern and the 

southern part of Ethiopia cover 53%, the afar in the Northeast 29%, and the Borana in the south covering 

10% are the dominant pastoralists although there are pastoralists in different parts of the country that 

contribute the remaining 8% of the livestock population (Solomon, 2006). The pastoralists of Ethiopia 

are estimated to Cover an area of 590,000 km 2 - 780,000km 2 (48% -65%) and most of the rangelands 

are located in drier areas with an altitude below 1500m of elevation (Yeneayehu et al.,2018; African 

Development Fund, 2000).  

The Borana plateau is one of the best remaining pastoral areas in Africa (Gemedo et al., 2006;  

Leykune, 1991 cited in Fekadu, 2009). It occupies an area of about 95 thousand km2 in southern 

Ethiopia (Fekadu, 2009). The livelihood of the dominant ethnic, the Borana, mainly depends on 

extensive livestock production predominantly cattle and a small number of small animals, camels, and 

donkeys. The Borana rangeland area is environmentally heterogeneous with annual or perennial 

grasses, suitable for cattle grazing; bushes and trees proliferate in other areas, particularly species of 

acacia. These bushes are suitable for the browsing of camels and small stock (Fekadu, 2009). However, 

he added that in recent times, the productivity of the rangelands in the Borana zone, which is one of the 

zones in the Oromia Region, is decreasing due to many reasons.  

The deterioration of the rangelands in Borana is becoming critical in terms of the loss of perpetual grass 

at the cost of increasing unpalatable forbs (Musa et al., 2016).  Different studies of rangelands of 
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Ethiopia show that bush encroachment, conversion of rangeland to Cropland, shortage of rainfall, wood 

harvesting, human population pressures, and over-grazing by livestock are the major causes of 

degradation (Musa et al.,2016; Teshome & Ayana, 2016). Overgrazing-induced soil compaction that 

prohibits the porosity of the soil for water and air results in degradation of the soil, which in turn 

reinforces the expansion of bush encroachment (Amaha et al, 2012). Amaha et al (2012) stated that a 

large livestock population created overstocking, overgrazing, and too much woodcutting resulting in 

soil erosion. Musa et al., (2016) added that because of these and other reasons like climate change and 

rigorous human activities, pastoralists in arid and semi-arid areas of the study area have faced 

tremendous problems. The rangeland communities of Borana are increasingly involved in crop 

cultivation as an alternative means of livelihood, which significantly degrades the grazing area (Abera 

et al., 2017). Cultivated land, bare lands, and permanent settlement area increased. While woodland 

vegetation is decreasing, except in the mountains which are slightly increasing (Yeneayehu et al., 

2018). Yeneayehu also stated that soil erosion also is among the rangeland degradation factors, which 

reduce feed production. In addition, Sintayehu et.al, (2006) stated soil chemical properties were 

investigated, it is observed that it had less organic matter in the bush encroached areas and is more 

compacted than in grassland areas reducing water infiltration. These results point to the deterioration 

of grassland and forage production to feed the livestock. One of the modern techniques of rangeland 

management is the assessment of rangeland pattern changes and degradation levels, which contribute 

better by far than traditional ones (Teshome & Ayana, 2016).  

Rangeland rehabilitation is a rangeland ecosystem management and conservation method, which is 

applied over degraded rangeland to return an ecosystem to its sustainable community. The major 

objective of the management and restoration of the rangelands is to encourage palatable productive 

perennials since they are important for livestock production and environment protection (Saco et al., 

2006 as cited in Yeneayehu et al., 2018). The degraded rangelands can be preserved and restored using 

several methods among which are, differed grazing to reduce overgrazing, cutting and removing 

encroached bush, seeding and reseeding, applying indigenous knowledge of the community, and the 

prescribed fire to regenerate the vegetation and grassland (Yeneayehu et al, 2018). Moreover, to 

improve the productivity of rangelands, reducing the alkalinity and acidity of the soil through 

fertilization can be considered (Amaha et.al 2012). Amaha et al also stated that as there is higher 

rangeland degradation, there exists soil erosion. Hence, it is essential to Control soil erosion for better 

grassland productivity. 
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To restore the degradation, Land suitability analysis is important to bring together the diverse 

information from different streams of science and analyze using various criteria to determine the 

suitability of land (Desalegn, 2009).  Dessalegn added that in Ethiopia, current land use practice is not 

based on suitability analysis; therefore, it is required to use land in the most balanced and productive 

way. This is investigated through the land’s limitations of productivity for its intended use. There for, 

analysis of vegetation dynamics and its degradation level as well as, analysis of soil degradation caused 

by erosion, and its chemical property to understand the productivity level is essential. 

1.2. Problem statement 

Borana Zone located in the southern Ethiopia’s low land, which is characterized by erratic rainfall and 

high temperature, is negatively affected by significant deficiency of crop production, and hence, 

livestock production is the way of life (Fekadu, 2009). However, recently rapid population growth 

demanding an increase in livestock numbers to meet the livelihood of pastoralists, which in turn led to 

pastureland degradation for natural grazing. Overgrazing due to an increase in livestock number, 

increasing land use conflicts, and bush encroachment are the problems accountable for rangeland 

degradation. Conversion of grazing lands and forestland to Cultivation, which in turn leads to 

vegetation degradation, is a common practice and a threat to livestock production and natural resources. 

As vegetation degradation increases, soil’s chemical and physical properties will change in terms of 

nutrient contents and soil texture, which again lead to soil degradation (Amaha et al, 2012). These 

conflicting issues led to the fast depletion of rangeland resources and loss of grazing land, affects the 

productivity of livestock. This deteriorating productivity of the livestock resulted in a negative effect 

to generate the required amount of income for the pastoralists and in turn, affected their lives. As a 

result, it necessitates properly utilizing the land as well as rehabilitating the degraded rangeland to make 

it productive and ultimately for the betterment of the pastoralists’ livelihood.   

This problem was identified from the gaps in previous studies conducted in the Zone at different times 

(Yeneayehu et al., 2018; Bedasa, et al., 2014; Abera et al., 2017; Fekadu, 2009). The main causes of 

rangeland degradation for example in Yabelo woreda are overgrazing, bush encroachment, conversion 

of rangeland to Cropland, and deforestation (Yeneayehu et al., 2018; Fekadu, 2009; Dessalegn, 2009). 

These conditions again cause vegetation degradation, increase soil erosion, decrease soil nutrients, lead 

to more degradation of the rangeland, and cause to reduce productivity (Amaha et. al 2012) 

Dessalegn (2009) stated that assessment of the trends of land cover changes using satellite images and 

locating suitable areas for livestock production using spatial models in GIS would be essential to 
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improve grazing land for livestock productivity. Accordingly, assessment and mapping of vegetation 

degradation using remote sensing and analysis of soil erosion threats and soil property degradation 

using GIS are essential. To get the maximum benefit out of the land, proper assessment, management 

and use for specific purposes are inescapable. In addition, restoration of the degraded rangeland to its 

initial state will be a remedy for the improvement of palatable grass. The restoration of degraded 

grazing land can be done through indigenous grass reseeding and is necessary to apply it (Yeneayehu 

et al., 2018). Bedasa, et al., (2014), experimented and showed in their study that there is a possibility 

and feasibility of growing indigenous grass through reseeding which resulted in a highly productive 

indigenous grass for livestock feed. Therefore, in order to rehabilitate the degraded rangeland, the first 

activity is to assess the level of degradation of the rangeland in terms of soil properties, soil erosion 

condition and vegetation degradation, and the second is selection of appropriate sites for rehabilitation. 

Among rehabilitation techniques, are conservation of the areas by enclosure and grass reseeding using 

improved or indigenous seeds. Hence, it is of principal importance to identify areas, which are 

degraded, and suitable site selection for improved seed growth to rehabilitate the degraded rangeland 

as well as, to enhance the resilience of the rangeland ecosystem. 

A GIS and remote sensing-based vegetation and soil degradation analysis as well as site suitability 

analysis for grass reseeding in the degraded areas has not been conducted in the area before. However, 

a related study of suitable site selection for livestock production by Dessalegn, in 2009 and Fekadu, in 

2009 was conducted in the Yabelo area. In their analysis, they considered slope, rainfall, land use/land 

cover, soil, and temperature factors to be taken for suitability analysis, which can also be used for this 

study. In this study, identification and mapping of the degraded rangeland areas and analysis of suitable 

sites for growing palatable species for the rangeland restoration and abundance of feed will be done 

using a geospatial data analysis technique.  

 

1.3. Objectives 

1.3.1. General Objective 

The main objective of this study is to assess the degradation level of the borana rangeland and further 

explore suitable sites for rehabilitation. 
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1.3.2. Specific Objectives  

 To assess and map Rangeland degradation of the Borana Zone    

o To assess and map the nature of vegetation degradation over the last two decades  

o To assess and map soil chemical and physical degradation of the rangeland by analyzing 

the soil acidity and alkalinity as well as soil erosion and deposition  

o To prepare a composite map that could depict the overall rangeland degradation  

 To produce potential rangeland rehabilitation suitability map that could guide planting of 

improved grass specious for rehabilitation of degraded rangeland 

 

1.4. Significance of the Study 

Borana zone of Oromia regional state is one of the three major pastoral areas in Ethiopia. However, its 

long-time rangeland management practice is weakening from time to time. As a result, its pastureland 

is diminishing from time to time and livestock is suffering with the deficiency of enough feed. This 

study there for, is conducted to assess the level of the borana rangeland degradation. The study will 

help the Borana pastoral area stakeholders get understand the underlying causes of rangeland 

degradation and its effects on rangeland productivity. Consequently, they can devise mechanisms to 

improve the rangeland productivity. In addition, the study support the pastoralists through 

recommending suitable sites to rehabilitate with indigenous feed specious for their livestock feeding. 

Moreover, it helps rangeland managers, Zone administers and environmentalists manage the rangeland 

and make decisions based on properly analyzed geospatial data. Beyond the rangeland community and 

stakeholders, this study will provide information to the scientific community to extend their research 

in the study area or anywhere in Ethiopia. 

 

1.5. Scope and Limitations of the Study 

Scope of the Study 

The focus of this study is the Borana zone of the Oromia regional state of Ethiopia. This area is chosen 

because of the challenges subsequently the society is facing is managing rangelands. Although 

rangeland degradation assessment comprises various issues, the present study considers: 1) Vegetation 

degradation and 2) Soil degradation by analyzing soil chemical and physical properties. 

The scope of the work is assessment of the overall rangeland degradation through the analysis of 

different factors. Besides, the focus of this study is to identify suitable sites for the rehabilitation of the 

degraded rangeland through examining different criteria for suitability.    
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Limitation of the Study 

In most cases, USLE/RUSLE models have been used to analyse the impact of soil erosion over a certain 

area. There are many studies applied in different countries to assess the soil erosion impact using these 

models. However, studies to estimate the risk of soil erosion-deposition using the USPED model is 

limited and lack a sufficient amount of literature. However, a thorough investigation and understanding 

of the available limited literatures was done to analyse the erosion-deposition condition to mitigate the 

limitation.  

1.6. Organization of the Thesis 

This thesis is organized into six chapters. The first chapter presents the introduction part of the study 

including the background of the study, statement of the problem, objectives of the study, significance 

of the study, scope, and limitation of the study. The second chapter describe literature review which 

give emphasis on concepts about pastoralism in Ethiopia and especially in borana, contribution of the 

livestock to Ethiopian economy, rangeland degradation extents, factors of rangeland degradation, 

impacts of rangeland degradation on soil and vegetation, approaches of improving rangelands, land 

suitability analysis for rangeland rehabilitation, applications of GIS and remote sensing in rangeland 

management.  Chapter three mainly focuses on the data, materials and analysis methods needed for the 

research. The fourth chapter explains about the results including NDVI results of vegetation 

degradation, LULC assessment of the study area, assessment of soil quality, soil degradation results 

due to erosion-deposition, a composite result of rangeland degradation and suitable sites for 

rehabilitation. The fifth chapter clarifies the main discussion on vegetation degradation, soil 

degradation, LULC degradation and discussion about the suitable stes for rehabilitation. The closing 

chapter presents conclusions and recommendations. 
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CHAPTER TWO 

2. REVIEW OF LITERATURE 

2.1 Pastoralism and Lowlands in Ethiopia 

Pastoralism is a specialized form of natural resource management and a dominant source of revenue, 

adapted to ecosystems characterized by variable and volatile agro ecological resources of the 

rangelands (Yimer, 2015; Birch, 2018). Yimer added that spatial and temporal difference in rainfall 

distribution and structure is the major description of low lands. In the lowlands, the period of rain in 

different years is different in pattern and the annual average rainfall amount in the North - South is 

600mm and East-West is 2000mm (Mengesha, 2020). The dry season diminishes the productivity of 

the rangeland and causes livelihood in the pastoral community miserable (Adugna & Aster, 2021). 

Lowlands have a large area of rangelands and are located in a topography lower than 1500m elevation 

(Birch, 2018; Fekadu, 2009). According to Dessalegn (2009), the lowlands of Ethiopia take 60% of the 

total area of the country. These low lands of the country help grow woodland vegetation like Acacia 

and Terminalia species, grasslands, and herbs (Mengesha et al., 2020).  

Even if there are other small groups of pastoralists in the country, the Somali, the Afar, and the Borana 

are the major pastoralists in Ethiopia (Solomon, 2006). Ethiopia has 52 million cattle, 24.2 million 

sheep, 22.6 million Goats, and the remaining others, of which 65% - 73% are located in the lowlands 

(MoLF & ILRI, 2017).  

 

2.2 Contribution of Livestock to the Ethiopian Economy  

The livestock sector is contributing 20% of the GDP of the country and 20% of its foreign exchange to 

the national economy (Panel, 2020). Direct products (meat and milk) of the livestock have a share of 

35% of the GDP of agriculture while its share increases to 45% when indirect service values (tilling 

services, transport, sale for cash, etc.) are considered (ILRI and MoLF, 2017). Its export contribution 

to the national livestock development is about 11% (ICPALD, 2013). In addition, it also benefits 80% 

rural people in terms of providing farming and transport services, financial services, credit substitution, 

and insurance (ICPALD, 2013). It provides protein-rich foods, and easily liquidated assets as an income 

source and for transport (ILRI and MoLF, 2017). During the limited crop production season, the semi-

arid areas of southern Ethiopia are engaged in livestock production to fulfill the food requirement of 

pastoralists and agro-pastoralists and make cash and foreign currency for the country (Adugna &Aster, 

2021).  
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2.3 Farming System and Management of Livestock and Rangelands in Borana   

The livelihood of the Borana mainly depends on extensive livestock production predominantly cattle, 

sheep, goats, camels, and donkeys but also produce some crops (Solomon et al, 2011; Fekadu, 2009). 

Rangeland degradation mainly due to frequent drought and other factors led to the death of livestock 

and consequently scarcity of food for pastoralists forced them to go for crop cultivation (Sintayehu et 

al 2006). The beginning of crop production to fill the gap in food sources forced them to Change their 

lifestyle from pastoralists to agro-pastoralists and continue to grow crops in some areas. Crops help 

pastoralists to escape selling their livestock to buy food, especially during drought season (Tilahun et 

al (2017). Besides, crop residuals from Maize and Teff are palatable and used for livestock feed. 

Accordingly, pastoralists in Borana continue to produce some crops like maize, beans, and wheat 

(Solomon et al, 2011). Because of this, the Borana pastoralists are turning the rangeland from pasture 

to agriculture in a continuing manner (Tilahun et al 2017). Though the Borana rangeland is suitable for 

livestock rearing, there is poor management of agricultural and rangeland resources (Solomon et al 

(2011). To maintain the productivity of rangelands and fulfill feed requirements, pastoralists mobilize 

in two forms to the area where enough resource (pasture and water) is available in the form of temporary 

regular mobility (“Godaanssa Fooraa), and (“Godaanssa Warraguda”) permanently during drought and 

conflicts (Lasage et al, 2010). Mobility of herds, traditional institutions (elected elders or hereditary 

leaders, customary rules), herd splitting by age, sex, and range enclosure, which are locally called 

“Kaloo”, is the famous local practices applied for rangeland management (Dika, 2016).  Dika added 

that the mobility of herds helps for the production of livestock as well as managing pastureland 

depending on the rain, water, and forage availability of the host area. Besides, customary institutions 

determine the resource access conditions; herd splitting helps different livestock groups graze 

separately and “Kaloo” helps to maintain feed for drought season.  

Pastoralists in the Borana zone also use prescribed fire, hand cutting of unwanted wood, enclosures, 

fallowing, and reseeding techniques to maintain the productivity of rangelands (Yeneayehu, 2018). 

Yeneayehu added that, woodcutting and firing help to prevent bush encroachment and help 

regeneration of the seed to improve feed productivity while enclosure helps to Control overgrazing. 

 

2.4 Types of Rangelands and Extent of Rangeland Degradations in Borana Zone   

Rangeland is Land on which the native plant mainly grasses, grass-like plants, forbs, or shrubs are used 

for current and future grazing and browsing in the customary environment for the production of 
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livestock and wildlife (Allen et al., 2010). Rangelands are different types including prairies (grasslands, 

savannas, and shrubs), grasslands (grass and forbs), steppe, pampas, shrub land (grass, herbs, and 

geophytes), woodlands, savanna, a desert with maximum rainfall of 250mm, and Tundra, rangeland 

with dwarf shrubs (Gautam, 2020). Pastoralists in Ethiopia are faced with serious risks in the Afar 

region about the 409,678-hectare area along rivers is used for investment, one million hectares is 

encroached by bush and a significant amount of land is used by parks (Ykhanbai et al, 2014). Similarly, 

in the Borana zone of the Oromia region, bush encroachment by acacia mellifera and acacia 

drepanolobium are an ever-growing current problem (Yeneayehu, 2018).  

The deterioration of the rangelands in Borana is becoming critical in terms of the loss of perpetual grass 

at the cost of increasing unpalatable bush (Musa et al., 2016).  Different studies of rangelands of 

Ethiopia show that bush encroachment, conversion of rangeland to Cropland, shortage of rainfall, wood 

harvesting, human population pressures, and over-grazing by livestock are the major causes of 

degradation (Musa et al.,2016; Teshome & Ayana, 2016). Overgrazing due to overstocking leads to 

soil erosion and soil compaction that compaction prohibits the porosity of the soil for water and air 

result degraded soil productivity, which in turn reinforces the expansion of bush encroachment (Amaha 

et al, 2012). The rangeland communities in the study area are increasingly involved in crop cultivation 

as an alternative means of livelihood, which significantly degrades the grazing area (Tilahun et al., 

2017). Cultivated land, bare lands, and permanent settlement area increased. While woodland 

vegetation is decreasing, except in the mountains which are slightly increasing (Yeneayehu et al., 

2018). In addition, soil chemical properties show less organic matter in the bush encroached areas, and 

are more compacted than in grassland areas (Sintayehu et.al, 2006).  

 

2.5 Major Drivers of Rangeland Degradation  

According to studies in different parts of Ethiopia, major rangeland degradation causes are heavy 

grazing, repeated drought, crop cultivation, bush encroachment, scarcity of rainfall amount over each 

season, improper use of land resources, and erosion (Teshome & Ayana, 2016; Tilahun et al., 2017; 

Dawit & Mebrate, 2015; Musa et al.,2016). Rangeland degradation decreases plant productivity, 

vegetation cover, and species diversity (Yeneayehu, et al., 2018).  When rangeland is degraded, the 

level of vegetation cover reduces; the composition of grass and grass-like species changes, meaning 

that annual grass replaces perennial grass; the soil will be eroded due to overgrazing and substantial 

woodcutting (Han et al., 2008). 
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Overgrazing is a factor, which is an ever-persistent driver of soil degradation in pastoral areas (Coppock 

1994). Overgrazing according to Coppock is caused by an increase in population that demands an 

increase in livestock to meet livelihood needs that again clash with the limited grazing land. An increase 

in livestock number due to population growth in turn leads to intensive grazing that damages the 

rangeland ecosystem (Yeneayehu et al, 2018). Hence, Overgrazing is the major threat to land 

degradation where the vegetation and soil are deteriorating in the rangelands (Fatunbe and Dube, 2008; 

Yong-Zhong et al, 2005).  

The other ever-growing driver of rangeland degradation is bush encroachment which is characterized 

by a spread of plant species to the rangeland that does not occur before (Yeneayehu et al, 2018). It is 

becoming a major reason for the rangeland deterioration in the area as Acacia brevispica 

drepanolobium, acacia mellifera, and Commiphora are encroaching the area that is becoming very 

difficult for grazing because of the prickles of the bush that hurt livestock (Coppock 1994; Terefe et al, 

2011; Yeneayehu et al, 2018). The bush encroached area in turn destroys the palatable indigenous grass 

and other herbaceous plants (Desalegn, 2009; Fekadu, 2009).  

Since the rainfall pattern is insufficient and highly variable for crop farming, pastoralism is the major 

mode of economic activity for the livelihood in the pastoral area (African Development Fund (ADF), 

2000). ADF stated that when there is relatively better rainfall specifically at the margins of the 

intermittent rivers, agro-pastoralism is becoming increasing though the pastoralist economy is 

predominantly dependent on livestock production. Consequently, the conversion of rangelands to Crop 

cultivation is increasing and Rangeland is deteriorating. According to a study by Sisay et al (2020), 

bush encroached rangeland and crop farming in the Borana zone show an increase b/n 1986 and 2016. 

This led to a decrease in forest and shrub land while bush encroachment and crop cultivation are 

increasing with the cost of forestland. Climate change is affected by a consequence of heightened 

temperature and lowered rainfall in southern and eastern Ethiopia starting in 1996 (Yeneayehu et al, 

2018). Fekadu, (2009) confirmed the idea that rainfall in the Borana Zone is inadequate for the growth 

of grass as well as filling the ponds in drought season, and this together with overgrazing is devastating 

the rangeland.  

2.6 Impacts of Rangeland Degradation on Soil Properties  

2.6.1. Impacts on Soil Quality  

Soil pH is the acidity or alkalinity of soil that affects plant growth ranging from most acid (0) to most 

alkaline (14) and neutral (7) (Lake, 2000).  According to the United States Department of Agriculture 
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(USDA, 1998), pH values ranging from 6.5 – 7.3 is neutral, from 5.5 - 6.5 are medium acidic, and from 

7.3 - 8.5 are medium alkaline whereas, soil pH values from 4.5 – 5.5 are strongly acidic and >8.5 are 

strongly alkaline. When the vegetation decreases from its state of outstanding condition to reduced 

condition, soil alkalinity increases because of the accumulation of more calcium and sodium contrary 

to magnesium (Amaha et al., 2012). A serious rangeland degradation in an area will have an increased 

soil pH in the area (Fatunbi and Dube, 2008). Overgrazing changes the soil characteristics of organic 

matter (OM), organic carbon (OC), sodium(K), potassium (P), nitrogen(N), electric conductivity (EC) 

bulk density, and soil pH (Pellant et al., 2005; Wang et al., 2021). A higher soil pH was detected in the 

grasslands of china continuously overgrazed which led to rangeland degradation (Yong-Zhong et al, 

2005). In the areas where lengthy drought due to high temperature and inadequate rainfall is 

experienced, rangelands are mostly faced with salinization driven by a higher rate of evapotranspiration 

(Bolo et al., 2019). The higher content of sodium and calcium ions in the soil means there is a strong 

relation with soil pH, and pH is related to Chemical and physical conditions as well as the structure of 

the soil (Hillel, 1998). For example, Getachew et al, (2007) stated that rangelands of Yabelo woreda 

that are bare land cover have lower soil pH while ranches have large exchangeable K and Mg. The soil 

pH value of the study area mainly covers from 7.1 to 8.6 (Mohammed & Omar, 2021).  

 

2.6.2. Impacts on Soil Erosion   

Soil erosion is the detachment, movement, deposition, and draining out of the soil by water and wind in 

a faster or slow process (Balasubramanian, 2017; Telkar & Neha 2018). However, the principal source 

of land degradation that drains top soil is water-induced erosion (Nigussie et al, 2015; Tegegne & 

Biniam, 2017). Soil erosion is one of the main soil degradation processes deteriorating soil fertility and 

removal of seeds by runoff (Lal, 2015; Stolte et al, 2016). Land use and soil type as well as soil 

conservation mechanisms are the determining factors of soil loss (Tegegne & Biniam, 2017). There is 

a higher risk of erosion in rangelands where conversion of forestland to Cropland and settlement is 

high, as well as near the boundaries of vegetated and cultivated lands (Yared et al, 2020).  In the study 

conducted in the Somali rangelands of Ethiopia, the minimum soil erosion was observed in the excellent 

vegetation condition while the maximum was in the poor vegetation condition (Amaha et al 2012). 

They also stated that Grass and forbs have better water run-off control and soil erosion protection 

capacity than woods and trees. Consequently, overgrazing, overstocking due to an increase in livestock 

population, and woodcutting are considered the major causes of soil erosion in the rangelands.  
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Erosion can be of different forms such as sheet erosion and rill erosion of which sheet erosion is an 

erosion that washes away thin homogeneous top organic content rich soil during the rainy season 

(Telkar & Neha, 2018). Telkar and Neha added that such erosion is caused by the loss of vegetation to 

intensive grazing, deforestation, and cultivation to protect the soil.  They also stated rill erosion as 

uniform removal of topsoil ends and channelization begins on a shallow surface in an overgrazed, bare 

area, and freshly cultivated loosened surface. Soil erosion results from the deformation of soil texture 

and changing of soil nutrients and a decrease in moisture retention capacity (Bolo et al, 2019). In its 

severe forms, soil erosion results in the formation of gullies alongside (Amaha et al., 2012). However, 

such soil erosion can be reduced by the abundance of soil organic matter that enhances the porosity, 

infiltration, and water storage of the soil to bind the soil particles together (Mitchell, 2010). 

 

2.6.3. Impacts of Rangeland Degradation on Vegetation  

Vegetation degradation is a decrease of natural vegetation characterized by rangeland degradation, 

which is a shift in plant species composition, declined production capacity, poor land cover, and soil 

erosion (Yeneayehu et al, 2018). Rangeland degradation indicates the incapability of the rangeland to 

provide the expected products and services to feed the livestock (Niguse & Gizachew, 2014). 

Rangeland degradation is a decrease in the production of flora and fauna that leads to the reduction in 

the rank of natural vegetation (Yeneayehu et al, 2018).  Borana rangeland mainly is threatened by the 

loss of persistent grasses and increase in the unpalatable bush, expansion of crops, and settlement with 

the cost of vegetation cover of the rangelands (Oba and Kotile, 2001). Desertification, which is the 

result of land degradation, is mainly caused by the alteration of the patterns of vegetation due to 

overgrazing that changes the structure and density of vegetation patches in semi-arid areas (Saco et al, 

2006). Consequently, the vegetation change of the Yabello area was at a vigorous state where forest 

cover was changing at an alarming rate with significant magnitude in the previous times (Sisay et al, 

2020). The vegetation pattern and composition of the Yabello forest, woodlands, and shrublands have 

been faced with a substantial problem due to intensive grazing and browsing by livestock, crop farming, 

woodcutting, settlement, and other human interventions. Hence then, Forest has to be protected as it is 

the major land cover that contributes to building a climate-resilient ecosystem to maintain 

environmental changes (Sisay et al, 2020).  
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2.7 Indigenous and Scientific Approaches to Improve Rangelands  

The major objective of the management and restoration of rangelands is to encourage palatable 

productive perennials since they are important for livestock production and environment protection 

(Saco et al., 2006). Destocking, prescribed fire, cutting and removing of the encroached bush, 

intermittent grazing, ripping and grass reseeding could be applied to rehabilitate the degraded rangeland 

(Dawit and Mebrate, 2015; Yeneayehu et al, 2019). Dawit and Mebrate added that these methods are 

useful since original species will not give their benefit if plants are overgrazed which reduces the 

majority of biodiversity-ecosystem. Lasage et al (2010) stated that pastoralists in the area use a 

mobilization strategy to restore the rangeland by avoiding overgrazing. They also use controlled fire, 

hand cutting of the unwanted bush, using the enclosure to protect the pasture, and fallowing of the 

overgrazed pasture (Yeneayehu et al., 2018).  

Therefore, in areas with significant vegetation degradation, grass seeding and reseeding using a quality 

seed type is a highly recommended and successful method for rangeland restoration (Way et al., 2009). 

Production of forage through cultivation by using well-developed seeds was experienced in turkey since 

2000 (Dengiz et al, 2016). A grass-reseeding method is a tested and promising method of rehabilitating 

degraded rangelands in Borana zone Dugda Dawa woreda (Bedasa et al, 2014).  Bedasa et al (2014) 

added that seeding was conducted in the rainy season of Dugda Dawa woreda adjacent to Yabelo from 

March-June 2007 and 2009 and the highest recovery was observed. This grass cover obtained using 

this mechanism got appreciation from the local community and was verified to be a good rehabilitating 

method. Zowe (2009) reinforced this idea that the highest recovery was observed from reseeding the 

indigenous grass seed as long as there is enough rain greater than 300mm.  

Moreover, to improve or restore the productivity of rangelands, reducing the alkalinity and acidity of 

the soil through fertilization can be considered (Amaha et.al 2012).  

Different field studies indicated that natural vegetation patterns contributed to the stabilization of the 

ecosystem through efficient reduction of land degradation that helps the ecosystem to rehabilitate from 

disruption (Saco et al., 2006). Saco et al added that the system becomes inefficient to trap runoff and 

leads to the loss of valuable water and nutrients that reinforces the degradation. Amaha et al (2012) 

stated that it is essential to Control soil erosion induced by higher rangeland degradation for better 

grassland productivity. 

A Scientific approach such as Land suitability analysis is important to bring together the diverse 

information from different streams of science and analyse using various criteria to determine the 
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suitability of land for rangeland restoration (Desalegn, 2009).  Desalegn added that in Ethiopia, current 

land use practice is not based on suitability analysis and is required to investigate the land’s limitations 

of productivity for its intended use. There for, analysis of vegetation dynamics and its degradation level 

as well as, analysis of soil degradation caused by erosion, and its chemical property to understand the 

productivity level is essential. 

 

2.8 Land Suitability Analysis 

The purpose of land use planning is to survey climate, soils, vegetation, and other aspects to decide on 

land use and to put resources in a way that benefits the user (FAO, 1976). Land for livestock feed 

production is one of the land use types where it is dependent on forage cultivation and production 

(Dengiz et al, 2016). According to (FAO, 1976), Land suitability is the relationship between land 

mapping units and the appropriateness of a specific land unit for a specific purpose. FAO also stated 

that land suitability is classified as highly suitable (S1), moderately suitable (S2), marginally suitable 

(S3), currently not suitable (N1) and permanently not suitable (N2) based on the severity level of the 

limitations of the land use. Dengiz et al (2016) modified these suitability classes to make the number 

of orders to be four by merging the currently not suitable (N1), and permanently not suitable (N2) into 

unsuitable (N). Suitability analysis is conducted based on the important requirements of land suitability. 

Among the many requirements of suitability for plant growth, physical and chemical factors including 

soil type, soil texture, soil depth, soil organic carbon(OC), soil total nitrogen (N), soil pH, rainfall, 

temperature, and slope are considered for the suitability analysis (Dengiz et al, 2016). Based on the 

review in this study, the Borana rangeland is degraded in terms of expansion of agriculture, conversion 

to barren soil due to overgrazing and drought, erosion, encroachment of unpalatable bush, and increase 

of soil pH. Rehabilitation of the degraded rangeland through selection of suitable sites for grass seeding 

through site analysis is important.  

 

2.9 Mapping and Assessment of Rangeland Degradation 

One of the modern techniques of rangeland management is the assessment and mapping of rangeland 

pattern changes and degradation levels (Teshome and Ayana, 2016). So far, a significant number of 

studies have been conducted to map and assess bush encroachment and species degradation. 

Consequently, Graw (2016) did an assessment and mapping of bush encroachment and woody 

vegetation in Africa using Landsat and MODIS data to generate large-scale and small-scale maps 

respectively.  In the study, field data of encroaching bush was applied to train the computer and to 
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identify it on the imagery. A study was also Conducted by Zemenu (2009) to map and assess the 

magnitude of expansion of the bush in the Borana zone of the Oromia region in Ethiopia using Landsat 

7ETM+ data and supervised classification together with separability analysis. Zemenu in his study 

identified a significant increase in the area coverage of the expansion of bush encroachment between 

1986 and 2003. Liao et al (2018) also Conducted an assessment of bush encroachment using field data 

to train the non-parametric classifier for supervised classification together with time series NDVI 

analysis.  

Oldeland (2010) assessed bush encroachment using field data in central Namibia to identify prosopis 

juliflora and acacia reficiens bush types. They applied field data to identify species composition using 

hyperspectral vegetation indices and gradient analysis.  

Overstocking, wood harvesting for fuel and construction, wild forest fire, and bush encroachment 

damaged the grass species in the Bale Mountains and Borana rangelands (Mekbeb et al, 2022). They 

also identified that invasive bush damages and destroys other inherent species and the ecosystem by 

competing for important resources helpful for their growth and survival. Intensive grazing deformed 

the concentration, area coverage, and variety of grass and herbage species in the rangelands (Yeneayehu 

et al, 2019). 

 

2.10 Application of Remote Sensing and GIS for Rangeland Management 

2.11.1. Remote Sensing for Land Use Land Cover Mapping 

Information on land use and changes in land use is a major requirement for better use of land (Anderson, 

et al., 1976). GIS and Remote Sensing (RS) are fundamental modern tools for the assessment of 

rangeland degradation, monitoring, and evaluation as well as for assessing time-based changes 

(Masoudi et al., 2018). Remote sensing helps to acquire spatial data and accurately measure the 

vegetation cover to estimate the impact of bush and weeds (Hunt et al., 2003). LULC change detection 

is the application of multi-temporal remote sensing data to extract information and detect LULC change 

(Nigus, 2021; Lilesand et al., 2015). Mgalula (2016) assessed vegetation using satellite images and 

analysed the nature and magnitude of LULC change in the Borana Zone.  The area is changing in terms 

of LULC especially the grasslands and forest cover and understanding was created to know the factors 

affecting the security of pastoralists and to plan natural resources management (Sisay, 2019).  Remote 

sensing supports mapping and monitoring rangeland since the repeated visit of an area by satellites 

enables one to get data that shows the changes in the area observed (Desalegn, 2009).  As a result, the 
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rangeland degradation level and the land use pattern will be analysed and a restoration mechanism will 

be developed using the change trend map of the area using Remote sensing data. Remote sensing 

provides data with a variety of temporal, spatial, and spectral resolutions to help differentiate grass 

biomass for grazing and to prepare classified LULC maps for the development of rangelands (Fekadu, 

2009).  

 

2.11.2. Remote Sensing for Vegetation Analysis Using NDVI 

While analyzing, monitoring, and evaluating the rangelands of Africa, Asia, and the united states GIS 

and RS with Normalized Difference Vegetation Index (NDVI) were the most useful tools applied 

(Espach et al., 2009; Thenkabail and Gamage, 2004; Booth and Tueller, 2003; Hunt Jr et al.,2003). 

Normalized difference vegetation index (NDVI) is the ratio of the difference in Near Infrared (NIR) 

and Red reflectance for vegetation analysis (Lillesand et al., 2015). Lillesand et al stated that the result 

of spectral signatures of vegetation shows high if the NIR is higher than Red and low otherwise 

indicating the non-vegetated areas like water, bare soil, construction materials, and ice.  After the 

computation of the images, vegetation areas will have high NDVI values since the NIR reflectance is 

high and low values for the low reflectance of the visible wavelength (Teshome, 2011). When a need 

arises to assess vegetation cover and condition in terms of quantity and quality, meaning that original 

species disappear and other species like unpalatable bush appear, the NDVI integrated with remote 

sensing is an ideal tool (Marie et al, 2021). According to Marie et al (2021), this tool helps to assess 

the vegetation condition based on remote sensing data for sustainable rangeland management.  

Teshome (2011) applied NDVI-based change detection through the image differencing method to see 

the changes in the greenness of vegetation in Borana.  He then identified that the image had resulted in 

positive and negative values in areas where vegetation change was observed and zero or close to zero 

in the areas where there were no Changes between images of different dates. Teshome also stated that 

once the change detection is done, the magnitude of change could be determined by using image 

statistics.  Marie et al (2021) proved that the application of NDVI for the analysis of vegetation spectral 

reflectance index is suitable and justified to estimate the productivity of rangelands. However, in their 

study, Marie et al (2021) recommended the need to verify the result using field data for the acceptance 

and accuracy of the vegetation indices before applying it to the specific monitoring purpose. Similarly, 

vegetation cover was assessed in the semi-arid rangelands of Iran using satellite data from all vegetation 

indices and confirmed NDVI for its accuracy in predicting rangeland degradation (Masoudi et al, 2018).  
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2.11.3. Application of GIS for Soil Erosion and Deposition Analysis 

Farming on steeper slopes in a rain-fed agriculture together with the absence of protective measures 

results in soil erosion (Hurni et al., 2010). Soil loss induced by water erosion can be analysed using 

RUSLE (Wischmeier and Smith, 1978). Alelgn et al, (2021) applied the RUSLE model for water-

induced soil erosion analysis since it is simple and friendly with remote sensing and GIS tools to 

integrate data in a computer environment.  Analysis of soil erosion risk of grazing and agroforestry 

areas of brazil was conducted using RS and GIS tools and the result indicated that those areas are 

associated with high erosion risk (Bolo et al, 2019).  The RUSLE model was applied to investigate the 

annual soil loss of a watershed to Compute the model’s parameters erosion risk and intensity maps 

(Farhan and Nawaiseh, 2015). Moreover, they applied it with the incorporation of terrain, elevation, 

slope, and Land use/land cover for the investigation of the influence of these factors on soil erosion in 

the GIS environment.  However, with the absence or limitation of soil conservation interventions, the 

RUSLE model overemphasizes the soil erosion risk estimations (Stolte et al, 2016).  

Whereas, the USPED modeling strategy is suggested when detailed engineering computation is not 

required, and for effective planning purposes (Morgan 1995). This type of modeling is applied to know 

just the relative strength or intensity of the erosion patterns and not to Compute the real sediment 

dynamics (Morgan, 1995; Arebbei, 2020).  According to warren et al (2019), the USPED model is a 

modification of the USLE/RUSLE models by Moore and Burch in 1986 and applied by Desmet et al 

in 1995 and Mitasova et al (1996). It is a model applicable to estimate the sediment transport capacity 

of erosion (Liu et al, 2007; Arebbei, 2020).  Liu et al (2007) stated that soil erosion would be highly 

minimized if the shape of the terrain is less suitable for erosion and if there is enough vegetation. The 

application of this model is useful for the assessment of soil erosion and sedimentation risk and the 

identification of hot-spot areas through the analysis of plentiful data available (Mitasova and Mitas, 

1999; Warren et al, 2019). Warren et al (2019) also stated that the USPED model computes both the 

erosion and deposition with transport capacity change across a grid cell. There for, the USPED model 

is suitable to apply in the rangelands to assess soil erosion treats.   

 

2.11.4. Application of GIS for Soil pH Mapping 

Applying RS and GIS for Soil pH mapping is essential to show the spatial distribution of areas with 

acidic soil for the application of lime to reduce acidity (Chabala, 2014). He analysed the spatial 

representation and mapping of acidic soils using ordinary kriging geostatistical methods in a GIS 

environment.  Soil alkalinity and salinity are the factors of soil deterioration and are important to 
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process and map these factors both spatially and temporally (Bai et al, 2016). GIS and RS are applied 

to develop the spatial model and to evaluate the soil characteristics like soil fertility, physical index, 

and chemical index (Abdullatif et al, 2021). Similarly, an Inverse Distance Weighted (IDW) method 

was applied to determine the cell values using a weighted combination of sample points (Mustafa, 

2011). Mustafa added that this method uses to Control the advantages of known points of interpolated 

values result point distance. There for, GIS is an essential tool for the analysis of soil pH and mapping 

it spatially. 

2.11.5. Application of GIS for Land Degradation and Site Suitability Analysis 

GIS is a powerful and ideal scientific tool to analyze data and integrate different attributes and helps 

create databases to manage resources as well as to analyse spatially variable data and generate results 

for decision and planning(Amiri et al., 2012; Berhanu & Suryabhagavan, 2015). 

An integrated application of Remote Sensing, GIS, MCDA, and Analytical Hierarchy Process (AHP) 

is applied for the generation of a composite land degradation map (Alelgn et al, 2021). Furthermore, 

an integrated application of GIS, MCDA, and analytical hierarchy process was applied for the 

preparation of a suitable site map. Satellite image, DEM, climate data, soil data, and land use land cover 

data are among several data sets used to produce independent factor maps for land degradation and 

suitable site selection by integrating GIS with MCDA (Zolekar and Bhagat, 2018; Alelgn et al,2021).  

GIS is a powerful tool to do land suitability analysis using Multicriteria Decision Analysis (MCDA) to 

select suitable sites (Nguyen et al., 2015). Mugiyo (2021), applied a GIS-based MCDA for suitable site 

analysis to identify appropriate areas for agriculture in South Africa. Fekadu (2009) also applied GIS 

for the identification of suitable sites for livestock production in the Yabelo rangeland of Ethiopia. 

Rangeland grazing suitability scheme can be developed using GIS by integrating topographic data, 

rainfall data, Remote Sensing data, and water resource data (Nahom, 2015).  

Therefore, thematic layers (factors) related to land degradation or land suitability are going to be 

categorized into measurement scales depending on the weights given based on Analytical Hierarchy 

Process (Morales et al., 2021). Among different techniques integrated with MCDA for making 

decisions, the AHP method is the well-known method for land degradation as well as suitable site 

selection analysis in the field of natural resources (Alelgn et al, 2021; Mustafa, 2011). The weighted 

overlay is a procedure for applying a common measurement scale of values to different inputs based 

on their influence to Create an integrated analysis to define the suitable site. MCDA evaluates through 

classifying decision alternatives against criteria (Hajkowicz, 2007). Several land quality indicators 
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were processed and analysed using spatial MCDA in the RUSLE model to spot land degradation or 

suitability (Alelgn et al. 2021; Prakash, 2003). In this study, MCDA is applied in a USPED model to 

analyse and identify sites with erosion and deposition, to identify the overall land degradation risk and, 

to select suitable sites for reseeding to rehabilitate the rangelands.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 



20 
 

CHAPTER THREE 

3. MATERIALS AND METHODS 
 

3.1 Description of the Study Area 

The study area is located in the Borana zone of the Oromia Region, Ethiopia that includes Yabelo and 

parts of Arero, Dugda Dawa, Dire, Dehas, Dilo, and Teltele woredas (Figure 3.1).  Yabelo, the town of 

Borana zone, is found 570 km south of Addis Ababa along Addis – Moyale road, to the border of Kenya 

and Ethiopia. The study area is located between 4°30′56″ and 5°24′36″ North, and between 37°44′15″ 

and 38°36′05″ East which is extracted from a satellite image and has a total area coverage of 13,801 

km2 based on the project area definition. The site was selected because it is one of the pastoralist areas 

famous for annual perennial grasses and trees in the lowlands of the Borana zone. The pastoral 

communities of this Zone are the most vulnerable to poor economic conditions because of the rangeland 

degradation that could not accommodate the livestock population, which is the major source of the 

economy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 1 Location of the Study Area 
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3.1.1. Biophysical Characteristics 

These characteristics include the climate, vegetation, soil, and topography. These characteristics are 

important in the assessment of the rangeland condition of Borana zone. Biophysical characteristics are 

used as the indicators of the rangeland degradation as well as, highly important in the identification of 

suitable sites for rangeland rehabilitation.  

3.1.1.1. Climate 

The climate of the study area is required in this study to investigate whether it supports the growth of 

palatable vegetation for livestock or not. Through mapping and analyzing the climate, it is possible to 

see the degradation level of the rangeland. The increase in temperature and a decrease in rainfall amount 

is the source of drought. Whereas, an increase of rainfall above the required amount is the source of 

soil erosion due to run-off created by the high rainfall. Abundance of enough rainfall and temperature 

indicates the suitability of the area for vegetation plantation as well as, for rehabilitation. The climate 

of arid and semi-arid areas of the Ethiopian lowlands is characterized based on the elevation of the area 

(Fekadu, 2009). The rainfall in the lowlands is different in different seasons as well as in the range of 

years (Mengesha, 2020). The rainfall in the study area has an erratic and variable nature and most areas 

receive different amounts of rainfall. The study area has a semi-annual monsoon-type rainfall where 

60% of the main rainfall is expected and obtained during the March to May (Ganna) season (Yeneayehu 

et al, 2018; Elias et al, 2015).  Whereas, short showers of rainfall are received during the season from 

September to November (Hagaya) when heavy cloud with mist is happening (Sisay et al, 2020).  

Yeneayehu et al (2020) classified the climate of the study area as a hot-arid climate characterized by a 

mean annual temperature ranging from 27°c to 29°c and an annual average rainfall of 450mm barren 

with little vegetation.  The hot semi-arid climate has a temperature of 18°c to 27 °c and annual mean 

rainfall of 410-820mm characterized by sparse and short edible grass. The tropical rainy climate has a 

temperature of 18°c and rainfall amounts from 680-2000mm, which is characterized by tall grass mixed 

with trees. The warm temperature climate has altitudes from 1750-3200 and heavy rainfall and forest 

are the features of this climate. 

According to the data collected from the woredas’ meteorological stations obtained from the National 

Meteorological Institute of Ethiopia, the study area’s annual rainfall amount ranges between 443mm in 

the Eastern part and 917mm in the Northern part.  The mean average monthly rainfall ranges between 

13mm to 158mm. The average temperature of the study area ranges from a minimum mean monthly 

21.74 °c to a maximum mean of 26.02 °c. The study area’s high temperature is a phenomenon of dry 
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and windy seasons (Yeneayehu et al, 2018). Figures (3.2, a) and (3.2, b) below show the mean annual 

and monthly rainfall and (3.3) mean monthly temperature of the study area respectively. 

 

(a)         (b) 

Figure 3. 2  (a) Mean Annual Rainfall; (b) Monthly average Rainfall 

          

 

Figure 3. 3  Monthly Average Temperature 
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3.1.1.2. Topography 

Topography gives information about the gradient of the terrain which intern helps to analyse the 

contribution of topography for erosion and deposition that causes land degradation. Steep slope 

indicates the existence of high erosion leading to land degradation. It helps to identify less erodible 

or gentle topography with less erosion for grass reseeding. The altitude of the study area taken from 

the digital elevation model of 30m resolution ranges from low 873m to high 2,361m (Figure 3.4). 

Areas in the Northeast, Southeast, and Center-West are considered to be in the low elevation region. 

Whereas, those areas ranging from South to North are considered to be from medium to high 

altitude ranges. Mountainous areas, which are occupied with forest cover, are located in the South 

and Northeastern boundaries of the study area and the Northwestern part.  

  

Figure 3. 4  Elevation Map of the Study Area 

3.1.1.3. Soil   

Soil is one and major biophysical indicator of land degradation expressed in terms of degradation due 

to erosion, and degradation in terms of chemical properties. Therefore, it is applied as one factor for 

land degradation assessment as well as suitable site selection based on soil fertility for planting and 

growing grass specious. Depletion of its nutrient contents indicate land is degraded, and its nutrient 
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abundance indicates suitability for rehabilitation.   The soil types in study area according to data from 

Water and Land Resource Center (WLRC) of Addis Ababa University are Vertic Andosols, Rhodic 

Nitisols, Pellic Vertisols, Lithic Leptosols, Haplic Calcisols, Fibric Cambisols, Eutric Fluvisols, Distric 

Cambisols, Chromic Luvisols, Chromic Cambisols, Calcic Vertisols, Calcic Solonetz, Calcaric 

Fluvisols and Calcaric Cambisols. Among these fourteen types of soils, some are available to a very 

low spatial extent (Yeneayehu et al, 2020). According to soil type data from WLRC, chromic 

Cambisols cover about 41% of the area, 21% Chromic Luvisols, and 11% account for Lithic Leptosols. 

The three types of soils cover a total area of 73%. The rest 11 types of soils account for a minimum of 

0.2% up to a maximum of 8.9% a cumulative of 27% area coverage. The bushland of the Borana Zone 

has more sand and, less silt and clay than the grassland area (Sintayehu et al 2006). (Figure 3.5) below 

illustrates the soil types of the study area. 

 

Figure 3. 5  Soil Types of the Study Area 

3.1.1.4. Vegetation 

The existence of vegetation is the indicator for the availability of pastureland for livestock. The 

vegetation condition of the study area whether it is dense, sparse or no vegetation indicates the 

availability or non-existence of palatable feed for livestock. Therefore, assessment of rangeland 

degradation in this study is dependent on the vegetation condition. According to Yeneayehu et al, 
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(2020), there are four regions of vegetation in the area. Among these, the first holds mixed deciduous 

woodland and savanna, Junipers woodland and savanna, and different types of acacia woodland and 

savanna. The second region is the grassland region with different types of grasses available within 

woodland and savanna, is located in the lower elevation areas, and covers a larger area of the zone. The 

third region, which is the steppe region, is located up to 1400 elevation with an average annual rainfall 

of 500 mm and contains sparse deciduous shrubs and short acacia with small leaves up to 4m in height. 

The fourth region is the natural and manmade forest, which covers large area. Commiphora, prosopis 

juliflora and Acacia mellifera, Frankincense, and like are the most abundant types of species in the 

study area (Mohammed & Omar, 2021). Savanna herbaceous vegetation and grassland as well as 

evergreen and semi-evergreen bushland and shrubs in its northern part characterize the study area 

(Yeneayehu et al, 2018). Bushlands and thickets, which cover major parts of the lowlands, are 

dominated by Acacia and Commiphora species (Gemedo, 2006). 

 

3.1.2. Socio-Economic Characteristics 

3.1.2.1. Human and Livestock Population  

The study area is composed of different ethnic groups including Borana Oromo, Geri, Somali, Guji 

Oromo, Amhara, and Konso (Fekadu, 2009). The total population according to CSA (2019) estimate 

was 143,331. Out of the total population, 50.33% (51,418) were male and 49.67% (50,748) were 

female. Pastoralists in Borana are herding cattle in large, goats and sheep for their food source as well 

as camels and donkeys for transport (Fekadu, 2009). The proportion of livestock in the Borana zone is 

cattle 44.1%, goat 35.7%, camel 3%, sheep 14%, donkey 3% (CSA, 2015/2016). According to CSA 

estimate, the amount of livestock in number and its contribution by type to the total livestock in the 

Borana zone is cattle 1,081,553, Goats 876,139, Sheep 343,674, Camel 75,622, Donkey 73,762, Mule 

2,102 and Horse 874. 

3.1.2.2. Farming System and Livelihood 

Extensive livestock production predominantly cattle, sheep, goats, camels, and donkeys but also 

produce some crops is the livelihood of the Borana mainly depends on (Solomon et al, 2011; Fekadu, 

2009). The beginning of crop production to fill the gap in food sources forced them to Change their 

lifestyle from pastoralists to agro-pastoralists and continue to grow crops in some areas. Crops help 

pastoralists to escape selling their livestock to buy food, especially during drought season (Tilahun et 

al (2017). Besides, crop residuals from Maize and Teff are palatable and used for livestock feed. 

Accordingly, pastoralists in Borana continue to produce some crops like maize, beans, and wheat 
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(Solomon et al, 2011). Because of this, the Borana pastoralists are turning the rangeland from pasture 

to agriculture in a continuing manner (Tilahun et al 2017). Though the Borana rangeland is suitable for 

livestock rearing, there is poor management of agricultural and rangeland resources (Solomon et al 

(2011). To maintain the productivity of rangelands and fulfill feed requirements, pastoralists mobilize 

in two forms to the area where enough resource (pasture and water) is available in the form of temporary 

regular mobility (“Godaanssa Fooraa), and (“Godaanssa Warraguda”) permanently during drought and 

conflicts (Lasage et al, 2010). 

 

3.2 Data Collection  

3.2.1. Satellite Data 

The acquisition of relevant, quality descriptive geographic data is the most important input for the 

successful completion of this study. Spatial and non-spatial as well as primary and secondary data are 

required. Spatial data from organizations that are engaged in producing fundamental and thematic 

datasets as well as, from different websites were collected. Whereas, associated non-spatial data such 

as population data that could substantiate the spatial data were collected from CSA. For this study, 

satellite-based datasets like cloud-free Landsat 7 ETM+ of the year 2002 and 2012 as well as, Landsat 

8 OLI image of the year 2021 were downloaded for LULC classification as well as to utilize it for 

periodic vegetation analysis using NDVI of 2002, 2012, and 2021. SRTM DEM data of 30m spatial 

resolution downloaded from open source and used to drive slope and aspect of the area for soil erosion 

and deposition analysis as well as, site suitability analysis. Besides, google earth data was also used for 

classification accuracy assessment. 

3.2.2. Soil Data  

Soil datasets were used for the analysis and mapping of soil acidity and its susceptibility to erosion. 

Consequently, it is used to weigh and identify the type of soil suitable for grass germination and growth.  

Hence then, it is included in the Multi-Criteria Analysis process for grass reseeding site selection. This 

soil data in spatial and tabular form with its physical and chemical properties were collected from the 

Ministry of Agriculture (MoA) and WLRC of Addis Ababa University. 

3.2.3. Climate Data 

The climate data from rainfall stations of Yabelo, Mega, Moyale, Teltele, and Hageremariam stations 

is collected from the National Meteorological Institute of Ethiopia. Accordingly, monthly and annual 

temperature and rainfall data for 20 years were collected and applied for analysis. 
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3.2.4. Ground Truth Data  

Data about vegetation types and crop coverage was collected using GPS and attribute information in a 

descriptive form and used for training the software during image classification accuracy assessment 

after classification as well as for the erosion and deposition susceptibility analysis. Therefore, Sample 

positional and descriptive data of each land use/land cover type was collected and documented. 

 

Table 3. 1: Data Summary 

Seria

l No. 

Name Data type Source Resolution 

  Primary  Secondary   Spatial  Temporal  

1 LS 7ETM+  >> USGS  

https://www. 

https://earthexplorer.us

gs.gov/ 

 

30m 

2002 & 

2012 

2 LS 8 OLI  >> https://earthexplorer.us

gs.gov/ 

30m 2021 

3 SRTM DEM  >> https://www 

https://portal.opentopog

raphy.org/ 

30m  

4 Soil   >> MoA & WLRC Point data  

5 Climate data   >> Meteorological institute 

of Ethiopia 

Point data 20 years 

6 Ground truth 

data 

>>  Field survey  >> 2021 

 

3.3 Software and Materials 

For satellite image processing, classification, and NDVI analysis, ERDAS IMAGINE 2015 V15.1 and 

QGIS software packages were used. Whereas, for rangeland degradation and land suitability analysis 

using the Multi-Criteria decision analysis (MCDA) method and for mapping purposes, Arc GIS 10.8 

software was employed. EasyAHP application was used for weighting the criteria of rangeland 

degradation and site suitability analysis. Microsoft Office and Visio packages had been utilized for the 

preparation of reports and workflow design. Hand-held GPS was also used for sample field Ground 

Control Points data collection.  

 

3.4 Methods of Data Analysis 

Materials like Input data and processing software identification and collection is the most important 

component in the processing and mapping of vegetation dynamics, soil properties, erosion and 

deposition susceptibility assessment, and overall rangeland degradation analysis as well as the selection 

https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://portal.opentopography.org/
https://portal.opentopography.org/
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of a suitable site. Consequently, relevant and time series satellite images, digital elevation models, 

climatic, and soil data types were collected from different sources and utilized. Image Classification, 

vegetation analysis, soil property analysis, erosion and deposition analysis, and site suitability analysis 

were conducted using acquired software packages. Within this process, different tools and procedures 

like supervised image classification, NDVI analysis to see the vegetation change, MCDA using AHP 

for weighting the criteria of rangeland degradation as well as suitable site selection. The use of the 

spatial analysis tool in the ArcGIS environment was tremendous to Create various types of intermediate 

and final results. Finally, the results of the analysis were interpreted and discussed. The below diagram 

shows the data analysis process flow.  

Figure 3. 6 Data Analysis Work flow Diagram  
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3.4.1. Vegetation Degradation 

3.4.1.1. Digital Image Preprocessing  

Image preprocessing involves the improvement of a distorted or noisy view of an image to better quality 

to apply further manipulations to the image (Lillesand, et al, 2015). Lillesand et al, (2015) also stated 

that image enhancement is an important image-preprocessing step that could help to boost visual 

identification of features and to extract more information from the image.  Accordingly, raw satellite 

images that have poor feature identification capabilities due to Clouds and haze, poor brightness, and 

spatial and spectral limitations have been corrected for atmospheric effects using the SCP plugin 

preprocessing tool of the QGIS software. Landsat 7 ETM+ satellite images had scan line errors that 

created a gap or stripes caused by the incorrect functioning of the sensor. These gaps of scan line errors 

had been corrected and filled using the raster analysis “fill No data” tool of QGIS software. A histogram 

equalization technique was applied to improve the brightness of the images. Moreover, for the 

betterment of visual interpretation of features, pan-sharpening was done to improve the spatial 

resolution of the images using the 15m panchromatic images of both satellite sensors with the 30m 

Multispectral images. This enables the improvement of the spatial resolution of a 30m image to 15m 

spatial resolution that increases the distinguishable nature of each feature of classes better than the 

original low spatial resolution images.  

As the satellite images are downloaded in the form of single bands, it is necessary to pile appropriate 

bands to Create one composite image from the individual bands. Such piling was done using the layer 

stack tool on the ERDAS IMAGINE software. Since the study area is covered by more than a single 

scene of Landsat images, two scenes of images were combined and a mosaic of the entire area was 

created. Moreover, the sub-setting of the mosaic images to fit it with the study area has been done using 

the study area boundary layer to make it ready for classification and various analysis activities in this 

study.  

3.4.1.2. Vegetation Analysis Using NDVI  

NDVI is one of the most commonly used indices applied for vegetation analysis (Lillesand et al, 2015; 

Faramarzi et al, 2018). NDVI is highly recommended to identify the nature and status of vegetation in 

an area. It is helpful to make a classification of land cover features using NDVI (Gandhi et al, 2015). 

Lillesand et al (2015) added that while there is high reflectance in the near-infrared (NIR) and low 

reflectance in the red Bands, it signifies the identification of healthy green vegetation, lower values 

indicate non-vegetated areas.  
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As mentioned in the image processing section of this study, satellite images of Landsat 8 OLI imagery 

were processed for radiometric, spectral, and spatial resolution corrections. For the Normalized 

Difference Vegetation Index (NDVI) analysis, three-year images at 10-year interval were downloaded. 

Satellite images for the years 2002 and 2012 of Landsat 7 ETM+ and Landsat 8 OLI image of the year 

2021 were applied. Both Landsat 7 ETM+ as well as Landsat 8 OLI sensors have Near Infrared (NIR) 

and Red Bands appropriate for Vegetation analysis. In this analysis, Band 4 (NIR) and Band 3 (Red) 

of the Landsat 7 ETM+ and Band 5 (NIR) and Band 4 (Red) of Landsat 8 OLI images are used for 

generating NDVI maps of the three periods. NDVI is computed using the ratio of the NIR and Red 

bands of each image and provides values ranging between -1 and +1(Mehta et al, 2021). Mehta et al 

stated that values between 0 and 1 represent vegetation density from sparsely vegetated to densely 

vegetated; whereas, values less than 0 represent non-vegetated areas like water, bare soils, rock, and 

sand. NDVI through categorizing the pixel values is applied to Classify an area of interest to its land 

use and land cover types (Sreelekha & Reddy, 2019). In this study, satellite images of the three years 

that are preprocessed are used to Compute the NDVI based on the equation: 

 

NDVI = 
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷 
        (1) 

 

Where, NIR = the near infrared reflectance in the Landsat 8 OLI of 𝐵𝑎𝑛𝑑 5 and Landsat 7 

ETM + of 𝐵𝑎𝑛𝑑 4 and;  

RED= is the red reflectance in the Landsat 8 OLI of band 4 and Landsat 7 ETM + of band 3  

 

ERDAS IMAGINE and ArcGIS software were applied to generate and classify the values based on the 

thresholds. NDVI Values that have negative reflectance are water bodies; very low values lower than 

0.1 are categorized as bare soil, snow, sand, and rock; Moderate values from 0.2-0.3 represent 

bushes/shrubs and grass; whereas, values from 0.6-0.8 are categorized as temperate and tropical 

rainforests (Ghandi et al, 2015). Mehta et al., (2021) in other words classified NDVI index values as 

water, barren land, sparse vegetation, moderate vegetation, and dense vegetation. Index values of both 

Mehta et al. (2021) and Ghandi et al, (2015) were useful for this study to describe the vegetation 

condition in terms of type and density of vegetation. There for, the NDVI-based assessment is 

conducted to see the vegetation change in terms of type and density and hence, Mehta et al (2021) index 
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values adapted from different researchers were more use full to Classify the vegetation condition and 

applied.    

   

Table 3. 2:  NDVI Index values adopted from Mehta et al, (2021) 

No Index value ranges Vegetation type 

1 < -0.046 Water 

2 -0.046 – 0.25 Barren Land 

3 0.25 – 0.35 Sparse Vegetation 

4 0.35 – 0.50 Moderate Vegetation 

5 0.50 - 1 Dense Vegetation 
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Figure 3. 7: Image Preprocessing Workflow  

3.4.1.3. Image Classification 

Image classification is the grouping of image pixels into land cover classes based on their similarity in 

reflectance value to specific land features (Lillesand, et al, 2015). Classification brings pixels with 

similar reflectance values to one and creates thematic classes of real-world objects.  This thematic map 

of LULC is used as input for other types of geospatial analysis activities. Of the two major classification 

methods, unsupervised classification was done before the filed visit operation to use it as a guide for 

field data collection. Whereas, supervised classification was conducted in ERDAS IMAGINE 2015 

software using the Maximum likelihood classification algorithm. This algorithm is applied most 

commonly since it recognizes unique classes and reduces human errors (Michael et al, 2015). To 

supervise the computer, the user has to know the area to decide on the training sites. The user does 

classification based on the knowledge of the area through training of the computer using ground control 

points collected from the study area. Accordingly, the Landsat 8 OLI image of the year 2021 was 

classified by applying classification techniques and a LULC thematic map was produced. This map 
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will be used as an input for cover factor analysis in the identification of soil erosion susceptible areas 

as well as suitable site analysis for grass rehabilitation in the study area. In such a way, the Landsat 8 

OLI image is classified in to eight classes namely: Bare Land, Bush Land, and Settlement area, Crop 

Land, Farm Land, Forest, Mixed Grassland, and Water body.  

 

Table 3. 3: Land use/Land Cover Types description based on LCCS (2014) & Anderson et al (1976) 

LULC Class Description 

Bare Land Land that is poor ability to grow vegetation and area that do not have artificial 

cover as well as, has vegetation less than 1/3 of the total area   

Bush Land Refers to Land composed of open to Closed Bush 3 to 5m tall mainly Acacia 

mellifera (thorny Acacia species) plants which are not palatable by livestock 

Settlement  Built-up areas, Other populated areas, Villages ,Open quarry mine areas and 

Landing Facilities 

Rangeland  Rangeland historically has been defined as land where the potential natural 

vegetation is predominantly grasses, grass like plants, forbs, or shrubs 

Crop Land Refers to areas where the natural vegetation has been removed or modified and 

replaced by other types of vegetative cover like crops planted or cultivated with 

an intent to harvest 

Farm Land Tilled area not covered by seasonal and perennial crops and is planned to be 

sowed for the purpose of grain production  

Forest A land cover by tree vegetation and have a minimum of 0.5 hectares with trees 

higher than 5 meters and a canopy cover of more than 10 percent; or with a 

combined cover of shrubs, bushes, and trees above 10 percent (FAO,2018) 

Mixed 

Grassland 

Land cover is dominated by grass and herbs with scattered long trees and shrubs, 

forbs species, or herbal vegetation one-third of intermixture  

Waterbody Refers to land occupied by water such as Streams and Canals, Lakes,  

Reservoirs, Bays, and Estuaries  

Shrub land The class is composed of the main layer of natural shrubs with a cover from 10 

to 100 % but characterized by less than 5m height of trees 

 

3.4.1.4. Accuracy Assessment of LULC Classification 

Land use and land cover map produced from satellite images obviously will have some sort of accuracy 

problems due to their nature of complexity and different reasons. The accuracy is dependent on the 

quality and suitability of images to identify the features, knowledge, and skill of the user, techniques 

applied to Classify images, and so on. There for, assessment of the classified image’s accuracy 

concerning the real situation is crucial. For the accuracy assessment, some of the data collected from 

the field were used to Compare and check the class values with reference values. Most commonly, a 
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classification error matrix (confusion matrix) or contingency table was used to check the accuracy of 

the classification result. The overall accuracy, user’s accuracy, producer’s accuracy, and kappa 

coefficient of a satellite image classification results is computed using the following formulas 

(Lillesand et al, 2015; Congalton, 1991). 

 

Overall accuracy =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑜.𝑜𝑓𝑝𝑖𝑥𝑒𝑙𝑠 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑁𝑜.𝑜𝑓 𝑃𝑖𝑥𝑒𝑙𝑠 
× 100    (2) 

  

producer’s accuracy = 
𝑁𝑜.𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑

𝑁𝑜.  𝑜𝑓 𝑡𝑒𝑠𝑡 𝑠𝑒𝑡 𝑝𝑖𝑥𝑒𝑙𝑠 (𝑐𝑜𝑙𝑢𝑚𝑛 𝑡𝑜𝑡𝑎𝑙)
× 100   (3) 

 

User’s accuracy = 
𝑁𝑜.𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑

𝑁𝑜.𝑜𝑓 𝑡𝑒𝑠𝑡 𝑠𝑒𝑡 𝑝𝑖𝑥𝑒𝑙𝑠 (𝑟𝑜𝑤 𝑡𝑜𝑡𝑎𝑙)
× 100     (4) 

 

Computation of kappa coefficient (k) = 
𝑁 ∑ 𝑥𝑖𝑖𝑟

𝑖=1 −∑ (𝑥𝑖+.𝑥+𝑖)𝑟
𝑖=1

𝑁2−∑ (𝑥𝑖+.𝑥+𝑖)𝑟
𝑖=1

    (5) 

The following workflow diagram depicts the process of LULC classification 
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Figure 3. 8: Summary workflow diagram of LULC Classification 

 

3.4.2. Soil quality assessment 

Soil chemical quality based on acidity and alkalinity analysis is important to indicate the different chemical 

activities taking place within the soil (Mohammed & Omar, 2021). The soil pH data was used as input in the 

rangeland degradation analysis since it is one of the indicators of rangeland degradation together with LULC 

degradation and soil erosion. The acidity and/or alkalinity of the study area was mapped using 167 soil point 

data collected from MoA. Before classifying the soil to acidity and alkalinity, the soil point data was imported 

and converted to a shape file in Arc GIS software. Point based soil pH data was prepared and obtained as shape 
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file data and converted to a surface raster map through applying interpolation method using the IDW tool in the 

spatial analysis tools package. Eventually, the acidity and alkalinity map of the area was created based on the 

United States Department of Agriculture (USDA, 1998) Natural Resources Conservation Service classifications 

standard (Table 3.5). Based on (USDA, 1998) standard, the pH level of the study area was classified into five 

categories from very strongly to strongly acidic up to strongly alkaline. 

 

Table 3. 4 Soil pH Standard adopted from USDA (1998) 

Soil pH range pH class level 

4.5 – 5.5 Very strongly to strongly acidic 

5.5 – 6.5 Moderately to slightly acidic 

6.5 – 7.3 Neutral  

7.3 – 8.5 Slightly to moderately alkaline 

8.5 – 14.0 Strongly alkaline  

 

The following graph shows the workflow diagram of soil quality (soil pH level) analysis.  
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Figure 3. 9: Summary of Soil Quality Assessment Workflow 

3.4.3. Soil Degradation Assessment due to Erosion and Deposition 

Soil erosion quantity in tons per hectare per year in an area was computed universally by using 

USLE/RUSLE models (Wischmeier and Smith, 1978). These models do not predict sediment 

deposition, and hence, when there is a need to determine the susceptibility of both soil erosion and 

sediment deposition, the USPED model is applied (Warren et al, 2019). In this study, Soil erosion 

susceptibility in the USPED model is computed by analysing different soil erosion factors that are 

derived from the traditional USLE/RUSLE models. Annual Soil Loss (ASL) in terms of soil loss extent 

due to erosion is computed using USLE/RUSLE models by a formula (Wischmeier and Smith, 1978): 

ASL = R K C P LS       (6) 
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Where: ‘R’ is the rainfall erosivity factor indicating the capacity of rainfall to erode the soil (R-Factor). 

‘K’ is soil erodibility factor that shows the compaction level of the soil to be susceptible to erosion 

easily by rain (K-factor). C is the vegetation cover factor that restricts the detachment of the soil due to 

rainfall intensity (C-factor), and P is the management practice factor (P-factor). The USPED model, 

which is a modified USLE/RUSLE formula without additional experiments applied to analyse Erosion 

susceptibility to estimate net erosion and deposition relatively (Pistocchi et al, 2002; Mitasova & Mitas, 

1999; Liu et al, 2007): 

 

TP=KcAm (sin b) n         (7) 

Where: 

TP= is the transport capacity index 

K= is the soil erodibility factor (K-Factor)  

C= is cover factor (C_Factor) due to vegetation 

A= the drained area (flow accumulation) 

Sin b=is the slope angle; and m & n are coefficients of sheet and rill erosion respectively  

 

The major difference between the USLE/RUSLE and USPED is to substitute and compute the 

topographic factor (LS) using the flow accumulation than the slope length in the former. The rainfall 

factor is considered in the erosion and deposition in the area where sheet and rill erosion is occurring 

even if there is an assumption that the erosion and deposition in the USPED model is constant (Pistocchi 

et al, 2002). The management factor ‘P’ is the practice of erosion reduction by using contour farming, 

strip-cropping, and terrace methods (Wischmeier and Smith 1978). The management factor ‘P’ is 

irrelevant and will have a value of one (1) as this factor is not considered in this model (Warren et al, 

2019). USPED computes the availability of stream capacity to transport and deposit rather than 

estimating the actual amount of sediment in the area. The erosion type in the study area is observed to 

be more of a sheet and in some areas of the higher slope is a rill type of erosion hence the coefficients 

of m & n are assigned to a value of one (1).  The transport capacity (∇T) divergence was computed 

with horizontal coordinates in addition to transport capacity (TP) index using a formula (Pistocchi et 

al, 2002; Warren et al, 2019):  

∇ T = d (TP cos a)/dx + d (TP sin a)/dy      (8)  

 Where: ‘a’ is the aspect angle of the landscape   
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3.4.3.1. Rainfall Factor (R-Factor) Analysis 

To determine the sheet and rill erosion process, the rainfall erosivity factor (R-factor) is applied as one 

of the inputs for the soil erosion and deposition estimation. Rills and sediment deposits are connected 

with substantial storms, are a function of the highest intensities, and must include cumulative reasonable 

storms to determine annual soil loss (Wischmeier and Smith, 1978). Wischmeier and smith added that 

the kinetic energy of rainfall is the source of rainfall erosivity, which in turn is quantified from the mean 

annual rainfall and 30 min rainfall intensity value. Rainfall erosivity is computed from the mean annual 

rainfall of the five stations of the study area using the following formula (Morgan, 1995). 

 

R = EI30/1,000           (9) 

Where, R rainfall Erosivity factor, in metric units; E is rainfall kinetic energy in Jm-3 and I30 is 30-

minute rainfall intensity in mm/h. However, rainfall kinetic energy and 30 min intensity data were not 

available from the stations of the study area. Therefore, the erosivity factor (R) that was adjusted by 

Hurni (1985) to Ethiopia was used in computing the erosion and deposition susceptibility of an area. 

Accordingly, the average R factor was obtained from the mean annual rainfall of the five stations for 

the study area using the below equation (Hurni, 1985).  

 

R = 0.55∗P-4.7        (10) 

Where ‘P’ is the mean annual rainfall in mm. 

 

3.4.3.2. Soil Erodibility (K-Factor) Analysis 

Soil erodibility is the rate of soil loss per erosion index per unit area (Wischmeier and Smith, 1978). It 

is the difference in the characteristics of some soil types to erode more easily than others due to the 

properties of those soils are even if all other factors are the same (Neitsch et al, 2000). Soil erodibility 

factor (K-factor) is the tendency of soil for erosion due to the nature and properties of the soil types in 

the area under investigation (Tsegaye, 2007). The K-Factor map of the study area as one major 

component of erosion and deposition analysis was computed using soil types and soil texture of the 

study area.  Nine major soil types represent the soil data of Borana rangeland namely: Calcisols, 

Cambisols, Fluvisols, Leptosols, Luvisols, Nitisols, Vertisols, Andosols and Solonetz. These major soil 

types of the study area are subdivided into fourteen sub-soil types used for erodibility analysis.  

According to Neitsch et al, (2000), the soil erodibility factor is computed based on the calculation of 

the percent composition of sand, silt, clay, and organic carbon of the topsoil as the topsoil the most 
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susceptible layer of the earth for erosion and deposition. Soil erodibility equations applied by (Neitsch 

et al, 2000) were used for this study and are stated below. 

K = ƒcsand. ƒcl-si. ƒorgc .ƒhisand      (11) 

Where ƒcsand is a factor of low soil erodibility for coarse sandy soils, ƒcl-si is a factor of low erodibility 

for high clay to silt ratio soils, ƒorgc is low soil erodibility for high organic carbon content and ƒhisand is 

a factor that minimizes erodibility for highest sand content soils. Each of the factors is computed as 

follows:  

ƒcsand = (0.2+0.3 * exp ([-0.256 * ms * (1 −
𝑚𝑠𝑖𝑙𝑡

100
)    (12) 

   ƒcl-si = (
𝒎𝒔𝒊𝒍𝒕

𝒎𝒄+𝒎𝒔𝒊𝒍𝒕
) 0.3        (13) 

ƒorgc = (1-
𝟎.𝟐𝟓∗𝒐𝒓𝒈𝑪

𝒐𝒓𝒈𝑪+𝐞𝐱𝐩 [𝟑.𝟐𝟕−𝟐.𝟗𝟓∗𝒐𝒓𝒈𝑪]
)       (14) 

ƒhisand = (1- 
𝟎.𝟕∗(𝟏−

𝒎𝒔

𝟏𝟎𝟎
)

(𝟏−
𝒎𝒔

𝟏𝟎𝟎
+𝐞𝐱𝐩[−𝟓.𝟓𝟏+𝟐𝟐.𝟗∗(𝟏−

𝒎𝒔

𝟏𝟎𝟎
)]

)      (15) 

Where ms is the content in percent of 0.05-2.00 mm diameter sand, msilt is the    content in percent of 

0.002-0.05 mm diameter silt, mc is the content in percent of 0.002 mm diameter clay, and orgC is 

the organic carbon content in percent of the layers. 

The soil type layer of the study area was created from the soil type dataset available. The raster soil 

layer generated using the IDW method was converted to a polygon vector for the suitability of creating 

a soil erodibility factor map. Using the raster calculator of Arc Map 10.8, the percent composition of 

sand, silt, clay, and organic carbon was computed. The soil erodibility factor of the area was computed 

by multiplying the results of percentage compositions of sand, silt, clay, and organic carbon obtained 

from the computation of equations. Finally, the vector format K-Factor map was converted to a raster 

layer with a grid cell resolution of 30m using polygon to raster conversion tool from the spatial analyst 

tools to make it friendly with the other factors to compute erosion and deposition. 

3.4.3.3. Cover Factor (C-Factor) Analysis 

In the USLE/RUSLE soil erosion analysis equation, the Cover factor (C-Factor) is the ratio of soil loss 

from cropland in specified conditions to the corresponding loss from clean-tilled continuous fallow 

(Wischmeier and Smith, 1978).  C-Factor ranges from 0 (reaching to Conservation systems) to 1 (non-

conservation systems) based on erosivity and erodibility and measures the cumulative effect of the 

interrelated cover and management variables (Oliveira et al, 2022). According to Wischmeier and 

Smith (1978), areas with better coverage of crops or any other vegetation have lesser soil erosion 
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amount as compared to areas, which are bare or fallow for a certain period. Hurni (1985), indicated that 

a completely deforested except with the availability of eucalyptus trees and cultivated agricultural land 

have severe soil erosion damages.  

In this study, LULC map of the study area was prepared from Landsat 8 OLI satellite image through a 

supervised image classification technique using ERDAS IMAGINE V.2015 software. Training the 

computer using ground truth data during supervised classification and for the assessment of the 

accuracy of the result. Major land use and land cover types of the Zone were identified through the 

observation of the area at the time of the field data collection period. Among those land use land cover 

types are crops of different types (Corn, Wheat, Sorghum, Teff, Barley), both natural and planted forest, 

bush (mainly Acacia mellifera), ranges of shrub types, grassland, acacia woodland, barren soil resulted 

from overgrazing, and dam water reservoir were identified. Classified land use and land cover thematic 

map of the recent year was used as input to Create a cover management (C- factor) map. Using the land 

use land cover map of the area, an equivalent Cover (C) value is assigned (Table 3.9 below) to each 

land use and land cover type of the rangeland. The soil erosion and deposition analysis in the USPED 

model, the final polygon C- factor map generated and converted to raster format with a resolution (cell 

size) of 30m is used. 

 

Table 3. 5: C – Factor Values 

No  Land Cover type C-Factor Value 

1 Bare soil 1       (Hurni,1985) 

2 Settlement 0.05 (Birhan and Assefa,2017)  

3 Bush 0.04   (Wischmeier and Smith,1978) 

4 Crop 0.25   (Hurni,1985) 

5 Water 0        (Chen et al,2019) 

6 Forest 0.005 (Hurni,1985) 

7 Grassland 0.05   (Hurni,1985) 

8 Farm 0.60   (Hurni,1985) 

 

3.4.3.4. Topographic Factor (LS-Factor) Analysis 

The topographic factor in the USPED model indicates the effect of topography and is described within 

the interface between the slope (sediment transport capacity) and the aspect (flow direction) (Oliveira 

et al, 2022). Oliveira et al (2022) added that the flow accumulation (contribution area) which 

characterizes the flow of water at a defined location or grid cell is also used to Calculate the topographic 

factor together with slope and aspect. In this study, topographic factor was computed starting from the 
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generation of slope map using the slope function in the spatial analysis tools of Arc GIS environment, 

creating aspect map (direction of flow, direction of gradient vector) using the Aspect function, 

computation of the flow accumulation map and finally, computation of topographic component (LS-

factor) of sediment transport capacity. The Shuttle Radar Topographic Mission (SRTM DEM) of 30m 

Grid resolution filled with the gaps is used as input to generate the flow direction. Similarly, the flow 

direction is applied to Create flow accumulation. Raster calculator of map algebra tool in the spatial 

analysis tools was used to Compute the topographic component of USPED-based erosion-deposition 

analysis using the below equation applied by Warren et al, 2019; Oliveira et al, 2022).   

LS= Am (sinb) n           (16) 

Where A is the upslope contributing area per unit width, b is the slope angle, and m and n are 

constants that depend on the type of flow and the soil properties.  

3.4.3.5. Overall Erosion-Deposition Analysis  

Analysis of erosion and deposition was conducted using the factors affecting erosion and deposition of 

the study area. In the USPED model analysis, raster calculator, hydrology, and surface analysis tools 

were used intensively to generate each erosion and deposition factor’s output. To generate the 

topographic component, sediment flows sediment flow in ‘x’ and ‘y’ direction, change in sediment 

flow and final net erosion and deposition computation were applied using ArcGIS steps that were 

provided online by Mitasova et al (2014).  

Soil erodibility factor (K-Factor) map, Cover factor (C-Factor) map, rainfall erosivity factor calculated 

using the R factor equation) and the topographic factor of the study area was derived and used as input 

to generate the overall erosion and deposition map of the area. Sediment flow analysis was computed 

from the topographic factor, the rainfall, soil and land cover factors. Moreover, the divergence of 

sediment flow in the horizontal x and y directions was also analysed using the raster calculator tool in 

the spatial analysis tools. The changes of sediment flow in the x and y directions were computed using 

the slope and aspect generated from the sediment flow in the x-direction and y-direction. Finally, the 

relative net erosion deposition was computed using raster maps and summing up the sediment flow 

changes in the ‘x’ and ‘y’ directions. The result in raster map format displays categorized erosion and 

deposition values in negative and positive values. This shows negative values for erosion and positive 

values for deposition. The net erosion deposition is estimated using the equation below (Mitasova & 

Mitas, 1999).  

ED  =  div (T . s)  =  d(T*cos a)/dx  +  d(T*sin a)/dy      (17) 
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 Where ‘s’ is a unit vector in the flow direction, ‘a’ (deg) is the aspect of the terrain surface, ‘dx’ and 

‘dy’ are sediment flow changes (divergence) in the x and y directions. 

Warren and Ruzycki (2022), through modification from their previous ranking method, rated and 

categorized erosion-deposition in to six categories as high erosion, moderate erosion, low erosion, low 

deposition, moderate deposition, and high deposition. Besides, Oliveira et al. (2022) added a stable 

category between erosion and deposition to indicate areas that have no or negligible erosion and 

deposition. The result of erosion-deposition in this study is categorized from high to low erosion and 

deposition categories using the above categorization.  

 

Table 3. 6 Erosion-Deposition values adapted from Warren & Ruzycki, (2022); Oliveira et al., (2022) 

Range (ton/ac/yr.) Range (ton/ha/yr.) Rank 

<-10 < -24.7 High erosion 

-10 - -5 -24.7 - -12.35  Moderate erosion  

-4.99 – -0.1 -12.34 – -0.22  Low erosion  

-0.09 – 0.1 -0.21 – 0.25 Stable 

0.1 – 5.0 0.26 -12.35 Low deposition  

5.01 – 10 12.36 – 24.7 Moderate deposition 

>10 > 24.7 High deposition  

 

The following figure depicts the workflow of the USPED analysis model to show soil degradation due 

to erosion - deposition. 
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Figure 3. 10: Summary workflow Diagram of Soil Degradation Assessment  

 



41 
 

3.4.4. Rangeland Degradation Assessment 

The study area was assessed for its rangeland degradation by the integration of three major degradation 

factors discussed in detail above. The integrated factors are LULC degradation data, soil chemical, and 

physical degradation data of the area, as well as, the multi-temporal vegetation data for vegetation 

degradation analysis. The sheet and rill erosion by the USPED model has sub-factors that determine 

the rate of erosion and deposition of the area. These sub-factors include soil erodibility factor, rainfall 

erosivity factor, topographic factor, and cover factor. Soil chemical properties was assessed for the 

acidity and the alkalinity (soil pH) of the rangeland. Accordingly, the soil pH map was considered for 

the assessment of chemical properties as the pH influences the rangeland productivity. The LULC 

factor map, soil chemical and physical properties factor maps in combination were analysed to Create 

a rangeland degradation map. Whereas, rangeland degradation in terms of its vegetation condition was 

assessed independently using the multi-temporal satellite images.  

 

3.4.4.1. Multi-Criteria Decision Analysis of Degradation 

MCDA method helps to assess the available data (criteria) to see the tendency of the study area for its 

degradation. This method compares some decision criteria and enables to generate the degraded 

rangeland sites. MCDA together with the AHP helps to weight, classify and rank the criteria so that 

each criterion was decided to be the most or the least important in the analysis of rangeland degradation. 

The vegetation degradation map resulting from the LULC classification was created in raster format 

using ERDAS IMAGINE software. The erosion and deposition factor map was created using 

component factors (K-Factor, R-Factor, C-Factor, LS-Factor) using the raster calculator tool in the 

spatial analysis tools of the ArcGIS environment. Soil pH factor map produced from point based soil 

pH data was prepared and obtained as shape files and interpolated to surface raster map using the IDW 

tool of the ArcGIS spatial analyst tool. All the datasets were projected into Adindan UTM zone 37N 

coordinate system, and reclassified based on four rangeland degradation classes.  

3.4.4.2      Criteria Rating  

Land degradation risk was categorized as very low, low, moderate, high and very high according to 

Zurayk et al (2001). Besides, Brabant (2010) also stated that the degree of land degradation diverges 

slowly from very low to very high depending on the levels of these distribution classes. Accordingly, 

the rating scale of rangeland degradation assessment was made based on this categorization method of 

degradation as No/Very low degradation (1), low/marginal degradation (2), medium/moderate 
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degradation (3), and high degradation (4) depending on the results of factors and environmental 

conditions of the study area. 

Table 3. 7 Land Degradation Rating Levels adopted from Brabant (2010) 

Extent 

class 

Degree of 

degradation 

Indicators 

1 No/Very 

low 

Soil erosion differ based on the soil type and topographic conditions. The 

area is generally uncultivated and covered with useful natural vegetation 

for livestock feed 

2 Low 

(marginal)  

Decrease in the depth of the humus layer but the soil is uncleared; A few 

sand deposits are noted in the field (clusters of grass, stones). Very little 

or no observable decrease in productivity. 

3 Moderate  Reduction in the depth of the humus layer. Clusters of grass partially 

relocated; accumulation of fine sand and silt on the soil surface at sites 

conducive to such deposits. 

4 High Reduction of almost half of the depth of the humus layer. Substantial 

displacement of thickets of grass. Tree and shrub roots are exposed below 

the root collar. Many sand and silt deposits on lower parts of the field and 

riverbanks. Bare areas without vegetation are visible and encroached by 

Bushes. As much as a 50% decrease in feed productivity 

 

3.4.4.3      Criteria Reclassification  

The three criteria maps (LULC, erosion and deposition, soil pH) that are essential for identifying 

degraded rangeland areas were created from the datasets through reclassification of the criteria maps. 

Consequently, all the criteria maps of the study area were reclassified into four classes based on the 

rating scale of rangeland degradation. The reclass tool in the ArcGIS environment was used to 

reclassify the factors into these four categories (1-4) to standardize them to a common scale. Hence, 

rangeland degradation was rescaled as highly degraded (4), moderately degraded (3), marginally 

degraded (2), and not degraded or very low (1). All three criteria were reclassified based on these rating 

scales to make them standardized and comparable for a specific area degradation. Finally, each criteria 

map became ready for weighted overlay analysis to generate a rangeland degradation map.  
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3.4.4.2. Criteria Weighting (Pairwise Comparison of the Factors) 

The weighting of the criteria was done to Compare the importance and relevance of one criterion over 

the other. For this study, a pairwise comparison matrix is applied to weigh and rank the criteria. This 

comparison and ranking of the criteria help to assign higher and lower values to the criteria depending 

on their relevance to rangeland degradation site analysis. Comparison of the criteria, normalization, 

weighting of the criteria, and computation of consistency ratio were the procedures conducted 

respectively. EasyAHP application embedded with ArcGIS 10.8 environment was applied to Conduct 

a pairwise comparison of the degradation criteria and to generate criteria weights as well as compute 

consistency ratio (CR) to see the consistency of criteria weights of one over the other. The weighting 

was conducted using the criteria that are considered factors of rangeland degradation. The process of 

weighing and standardizing the criteria was done iteratively until the consistency ratio reaches less than 

or equal to 0.1 using the workflow indicated in the diagram in Figure 3.7 below. APPENDIX (4) shows 

a pairwise comparison matrix, weights, and ranks of criteria for rangeland degradation analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 11 Criteria weighting flow diagram adopted from Estoque (2011) 
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3.4.4.3. Aggregation of Rangeland Degradation Criteria Weights  

The rangeland degradation in this study was planned to be assessed and determined through the 

combined effect of the rangeland degradation indicator/factor maps. These rangeland degradation 

factor maps are the LULC factor map, soil pH factor map, and soil erosion and deposition factor map. 

Accordingly, analysis of rangeland degradation because of soil degradation caused by erosion and 

deposition as well as degradation due to an increase in its pH level, degradation of LULC because of 

bush expansion, farm and crop expansion, conversion of land to bare soil due to overgrazing and 

drought was conducted. MCDA was done by providing weights to each of the three-rangeland 

degradation factors (criteria) using the AHP method developed (Wind & Saaty, 1980; Saaty, 1987). 

Weights were assigned to the vegetation degradation, soil pH, and soil erosion and deposition factors 

before conducting weighted overlay analysis. The AHP was also applied here to weigh the share of 

each land cover type in the LULC data before conducting a weighted overlay analysis. Reclassifying 

the factors was done using reclassify tool in the Arc GIS spatial analysis tool. Each factor was 

reclassified to a common scale of 1-4 before conducting a weighted overlay analysis.  The weighting 

process involves a pairwise comparison of the values based on their importance by assigning intensity 

of importance from 1 to 9, which means 1 has equal importance of one factor over the other factor and 

9 means extreme importance of one factor over another factor (Wind & Saaty 1980).  Normalization of 

the values, calculation of consistency value, calculation of weighted sum, and calculation of 

consistency ratio were conducted. The LULC data and the rangeland degradation factors were weighted 

through this process and the rangeland degradation map was generated using Arc GIS 10.8 software 

spatial analyst weighted overlay tool.  
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Table 3. 8: Summary of rangeland degradation analysis 

S/N TYPE OF 

ANALYSIS 

INPUT SOFTWARE METHOD OF 

ANALYSIS 

TECHNIQUE 

1 LULC degradation 

assessment 
 LULC map 

 Class’s  influence values  

Arc GIS 10.8 Reclassify  based 

on the values 

 

2 Soil chemical 

properties 

degradation 

assessment  

 Soil pH map 

 Soil pH degradation level 

standard data 

 

Arc GIS 10.8 Reclassify based on 

the standard 

3 Soil physical 

properties 

degradation 

assessment 

 R-Factor map  

 K-Factor map 

 C-Factor map 

 LS-Factor map 

Arc GIS 10.8 

software 
 MCDA using 

AHP 

 Overlay analysis 

method 

 

4 Vegetation 

degradation 

assessment  

 Multi-temporal satellite 

images  

 NDVI Index values  

 Arc GIS 

10.8 

 ERDAS 

IMAGINE  

 QGIS  

NDVI Analysis 

method  

5 Overall rangeland 

degradation 

assessment  

 LULC degradation  

 Soil degradation 

o Soil chemical degradation 

o Soil physical degradation 

 

Arc GIS 10.8 
 MCDA with 

AHP 

 Overlay analysis 

method  

 

3.4.5. Land Suitability Assessment 

3.4.5.1. Factors of Site Suitability for Rangeland Rehabilitation 

The ultimate goal of the present study was to suggest reseeding sites of highly palatable rangeland 

vegetation specious that are either degraded or extinct due to various pressures. Thus, reseeding to 

rehabilitate the degraded rangeland requires selection of appropriate suitable sites for a palatable forage 

specious. Data that have been used for rangeland degradation analysis such as LULC, soil pH, rainfall, 

temperature, and slope generated from SRTM 30m DEM are input for reseeding site suitability 

analysis. In addition, soil organic carbon, soil texture, soil total nitrogen, and soil depth of the study 

area, which are very important factors for plant growth were used as criteria (Hamere & Teshome, 

2018). A total of nine criteria were used to identify suitable sites for the rehabilitation of the rangeland 

through grass reseeding. The LULC map produced through supervised classification was applied as 

one factor of land suitability in this study. This factor includes forest, mixed grassland, bushland, water 

body, settlement area, cropland, farmland, and bare soil. This factor is an important factor since it 
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includes bushland cover, and the area converted to bare soil due to drought and overgrazing. These all 

need rehabilitation to increase palatable grassland.  

The slope has a significant influence on the land suitability analysis as flat means less erosion and is 

suitable for rehabilitation and steep is more erosion, which is difficult to grow grass due to high rainfall-

induced soil erosion of the area to rehabilitate. Rainfall provides soil moisture for seed germination and 

growth and substitutes the magnitude of moisture content lost due to evaporation to the atmosphere 

(Spittlehouse and Stathers, 1990). Therefore, precipitation is considered important criterion in land 

suitability analysis. The temperature has a considerable influence on plant growth since photosynthesis 

and respiration need temperature for their biochemical reactions.  

 

Table 3. 9: Factors of suitability and their relationship with suitability 

S/N Factor  Source Purpose of the factor Relationship with 

suitability 

1 LULC type  LULC map  To identify LULC trajectory  More bare soil is a higher 

source of re/seeding land 

2 Soil type  Soil map To identify soil  nutrient 

content, pH and depth   

Higher soil nutrient, neutral 

soil pH, and deep soil is 

highly suitable for 

re/seeding  

3 Slope (%)  Slope map To identify the course of 

gradient 

Flat to near-flat gradient has 

lesser erosion and good for 

seed growth 

4 Rainfall 

amount  

Rainfall map  To identify suitable range of 

rainfall amount 

Moderate rainfall is suitable 

for seed germination and 

growth 

5 Temperature  Temperature 

map 

To identify suitable range of 

temperature amount 

Moderate temperature is 

suitable for seed 

germination and growth 

 

3.4.5.2. Multi-Criteria Decision Analysis of Site Suitability  

MCDA method helps to do assessment of the available data (criteria) in order to see the tendency of 

the study area for its suitability to grow grass for animal feed. This method compares several decision 

criteria and enables the generation of suitable sites. MCDA together with the AHP was applied to 

weight, classify and rank the criteria so that each criterion will be decided to be the most or the least 

important in the analysis of suitability. Most of Soil related datasets and climatic datasets, which were 

available in point data format, were converted to shape files and interpolated to a raster dataset using 

the IDW tool of the ArcGIS spatial analyst tool. Soil texture dataset that shows the twelve different 
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types of texture classes was available in shape file format and used in the analysis. All datasets were 

projected to Adindan UTM zone 37 coordinate system and reclassified based on the legumes plants 

growing site suitability analysis standard. 

3.4.5.3      Criteria Rating  

Appropriate rating scales of suitability criteria are prepared and adapted for the generation of land 

suitability maps (Dengiz et al., 2016; Amiri, 2009; Kalichkin et al., 2020; FAO, 1976). These rating 

scales were set as highly suitable (S1), moderately suitable (S2), marginally suitable (S3), and 

unsuitable (N). The suitability of each criterion as well as the aggregated soil suitability and overall 

land suitability rating was done based on these criteria rating scales.  

 

Table 3. 10 Forage Suitability Classes adopted from Dengiz et al, (2016) and Amiri (2009) 

Definition Class 

Highly suitable S1 

Moderately suitable S2 

Marginally suitable S3 

Unsuitable N 

 

3.4.5.4     Criteria Reclassification 

The nine criteria maps that are essential for growing grass were created from the datasets through 

reclassification of the criteria maps. Consequently, all the criteria maps of the study area were 

reclassified into four classes based on the rating scale of suitability. The reclass tool in the ArcGIS 

environment was used to reclassify the factors into these four categories (1-4) to standardize them to a 

common scale. Hence, suitability was rescaled as S1 =4 (highly suitable), S2=3 (moderately suitable), 

S3=2 (marginally suitable) and S4=1 (unsuitable). All nine criteria were reclassified based on these 

rating scales in order to make them standardized and comparable for a specific land unit identification. 

Among all the factors, the mean monthly temperature of the study area has a different range as 

compared to the standard criteria range, which is identified as suitable for forage growth (Dengiz et al, 

2016). However, the existing mean monthly temperature of the study area is classified into four classes 

based on the area mean monthly temperature to Create a study area criterion map.  Finally, each criteria 

map became ready for weighted overlay analysis to generate suitable sites.  
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Table 3. 11 Weighting Factor Rates for Forage growth Site Suitability (Dengiz et al, 2016) 

Factor /Criterion Range of Suitability 
 

 Highly 

suitable (4) 

Moderately 

Suitable (3) 

Marginally 

Suitable (2) 

Not Suitable (1) 

Texture (Class) SCL, CL,SL L,SiL,Si SC, SiC, SiCL LS,S, C 

OC (%) >3 2.5 - 3.0 2.0 - 2.5 1.0 - 2.0 

pH 6.5-7.5 6.0-6.5,7.5-8.2 5.0-6.0 <5, 8.2-9.0 

N Total (%) > 0.170 0.090-0.170 0.045-0.090 0.045 

Soil Depth (cm) >90: Deep 50-90: Medium Deep 20-50: Shallow 0-20 

Slope (%) 0 - 2 2-6 6 – 12 >12 

LULC (Class) Bare soil Farm land Mixed grassland Bush, water, 

settlement, crop, 

forest 

Rainfall (mm) 450-650 350-450,650-850 300-350,850-1000 250-300,1000-1200 

Temperature (°c) 14.9-18.4 14.4-14.9, 18.4-19.4 13.4-14.4, 19.4-20.8 12.4-13.4,20.8-21.3 

 

S=Sand; C= Clay; L=Loam; Si=silt; CL= clay loam; SC= Sandy Clay; LS= Loamy-sand; SL=Sandy Loam; 

SiC=Silty Clay; SiL= Silty-Loam; SiCL=Silt-Clay-Loam; SCL= Sandy Clay Loam; (USDA, 1998) 

3.4.5.3. Pairwise Comparison and Weighting of the Criteria  

The weighting of the criteria was done to Compare the importance and relevance of one criterion over 

the other. For this study, a pairwise comparison matrix is applied to weigh and rank the criteria. This 

comparison and ranking of the criteria help to assign higher and lower values to the criteria depending 

on their relevance to suitable site selection. Slope, LULC, Rainfall, depth, texture, soil pH, temperature, 

soil OC, and soil TotN were ranked from 1 to 9 based on their relevance for the suitability analysis 

(Zolekar and Bhagat, 2018). Comparison of the criteria, normalization and weighting of the criteria, 

and computation of consistency ratio were the procedures conducted respectively. EasyAHP 

application embedded with ArcGIS 10.8 environment was applied to Conduct a pairwise comparison 

of the suitability criteria and to generate criteria weights as well as compute consistency ratio (CR) to 

see the consistency of criteria weights of one over the other. The weighting approach was done in two 

phases for the sake of ease of weighting. The first phase involves a weighting of the soil suitability 

factors (texture, OC, Total Nitrogen, depth, and soil pH) to generate the soil suitability map and to 

Consider soil factors in general as one criterion for site suitability analysis. Soil criterion will be 

involved in the site suitability analysis together with rainfall, temperature, LULC, and slope criteria. 
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The second weighting was conducted using soil, rainfall, temperature, LULC, and slope criteria that 

are considered factors of suitable site analysis. The process of weighing and standardizing the criteria 

was done in a similar methodology and flow to weight rangeland degradation criteria as indicated in 

the (APPENDIX_4) show pairwise comparison matrix, weights, and ranks of criteria for soil suitability 

and site suitability analysis. 

3.4.5.4. Aggregation of Site Suitability Criteria Weights  

Ones the weighting and ranking of the criteria are completed, the next step is to Conduct an analysis of 

the criteria based on their weights or their contribution to the decision on suitable site identification. 

The weighted overlay analysis is conducted using the overlay tool in the ArcGIS environment. 

Weighted overlay analysis was conducted to generate a soil suitability map from its component criteria 

(Depth, Texture, pH, OC, and TotN). The component criteria were first scaled from 1 to 4 based on the 

scaling standards (S1, S2, S3, and N). Once the soil suitability map that is the soil criterion is created, 

then the final site suitability analysis was conducted in the same way. Consequently, an already scaled 

soil, slope, LULC, rainfall, and temperature criteria were used to Compute and generate suitable sites 

using the weighted overlay tool in the ArcGIS environment. Finally, the overall map that shows suitable 

sites for grass reseeding was created.  The following figure shows the land suitability analysis workflow 

diagram for the identification of suitable grass reseeding sites. 
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Figure 3. 12: Summary Workflow Diagram of Suitability Analysis 
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CHAPTER FOUR 

4. RESULTS  
 

The results section describes the results of the LULC classification, vegetation change using NDVI, 

soil erosion and deposition susceptibility, soil pH, rangeland degradation, and site suitable for the 

rangeland rehabilitation. The first part focuses on the presentation of vegetation changes on a temporal 

basis through analysis of NDVI for three periods of satellite images. The second part involves the 

LULC classification result of the study area. The third part involves the result of soil erosion 

susceptibility of the study area using the USPED Model in order to identify areas where the threat of 

erosion is anticipated. The fourth section deals with the result of the acidity and alkalinity level of the 

rangeland of the study area. The final and major part involves the presentation of results of rangeland 

degradation, and selection of suitable sites for grass reseeding to rehabilitate the rangeland.     

 

4.1 Vegetation Degradation assessment  
 

4.1.1. Results of NDVI  

 

Vegetation maps of the study area (Figure E, F) were produced based on the NDVI result ranging 

between the thresholds of -1 and +1.  The result of NDVI (Table 4.1) shows that the Non-vegetation 

area takes an area cover of 636.07km2 (4.61%), 3,487.71 km2 (25.27%), and 1,498.27 km2 (10.86%) 

in 2002, 2012 and 2021 respectively. Sparse vegetation covers 493.93 km2 (3.58%), 6,030.01 km2 

(43.69%) and 8,761.83 km2 (63.48%) in 2002, 2012 and 2021 respectively. Whereas, moderately 

vegetated area has 90.90 km2 (0.66%), 3,544.37 km2 (25.68%) and 2,889.49 km2 (20.93%) coverage 

in the three years respectively. The study area has a densely vegetated area coverage of 0.85 km2 

(0.01%), 734.44 km2 (5.32%), and 647.64 km2 (4.69%) in 2002, 2012, and 2021 respectively. Finally, 

water has the smallest area coverage as compared to other classes with coverage of 0.45km2, 5.76km2, 

and 5.06km2 in 2002, 2012 and 2021 respectively.    
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Table 4. 1: Vegetation Condition of the study area in the three Periods 

 2002  2012  2021  

 Area (km2 ) 
Area 

(%) 
Area (km2 ) 

Area 

(%) 
Area (km2 ) Area (%) 

Water 0.54 0.004 5.76 0.04 5.06 0.04 

Non_Vegetation 636.07 4.61 3487.71 25.27 1498.27 10.86 

Sparsely Vegetated 3488.35 25.27 6030.01 43.69 8761.83 63.48 

Moderately Vegetated 6631.42 48.05 3544.37 25.68 2889.49 20.93 

Densely Vegetated 3045.93 22.07 734.44 5.32 647.64 4.69 

Total 13802 km2 100% 13802 km2 100% 13802 km2 100% 

 

4.1.2. Vegetation Change between 2002 And 2012 

The result of the NDVI (Figure 4.1) shows that water has a significant increase by 5.22 km2 (90.65%) 

from its state in 2002 with an area of 0.54 km2 to an area coverage of 5.76 km2 in 2012. Non-vegetation 

area (area covered with bare soil, sand, and built-up) increased from 636.07 km2 coverage in 2002 to 

3,487.71 km2 (81.76%) in 2012. Whereas, sparse vegetation increased continuously by 3,488.35 km2 

from its state in 2002 to 6,030.01 km2 (42.15%) in 2012. The moderately vegetated area has decreased 

from an amount of 6,631.42 km2 in 2002 to 3,544.37 km2 (46.55%) in 2012. The densely vegetated 

area showed a decrease from the condition in 2002 by 75.89% in 2012. 

 

 

 

Figure 4. 1: Vegetation Change between 2002 and 2012 
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4.1.3. Vegetation Change between 2012 And 2021 

The result (Figure 4.2) shows that water cover has decreased from the year 2012 by 12.15% in 2021. 

Non-vegetation area also shows a decrease of 57.04% in 2021 from its state in 2012. Whereas, sparse 

vegetation is observed as increasing by 45.30% within the last ten years from 2012 to 2021. Moderately 

vegetated and densely vegetated areas have shown a decrease of 18.48% and 11.82% from their 

condition in 2012 to 2021 respectively.  

 

 

Figure 4. 2: Vegetation change between 2012 and 2021 

4.1.4. Vegetation Change between 2002 And 2021 

Water coverage that had 0.54 km2 in 2002 increased to 5.06 km2 in 2021 with an increase of 4.52 km2 

(89.33%) throughout the twenty years (Figure 4.3). Whereas, the substantial change observed within 

the last twenty years in the non-vegetation area has a continuous increase from its area coverage of 

636.07 km2 in 2002 to 1,498.27 km2 in 2021 that is an increase of 57.55% in 2021.  The sparsely 

vegetated area shows a continuous increase from its state covering 3,488.35 km2 in 2002 to 8,761.83 

km2 in 2021 by an increase of 60.19%. Moderately vegetated area in 2002 that had 6,631.42 km2 is 

covering 2,889.49 km2 in 2021 and shows a significant decrease of 3,741.93 km2 (56.43%) in 2021.  

The densely vegetated area that was very large in terms of area coverage (3,045.93 km2) in 2002 

reached 647.64 km2 with a decrease in area coverage of 2,398.29 km2 (78.74%) in 2021. Figures (4. 4 

(a) and (b)) as well as, Figure (4.5) show the NDVI maps of 2002, 2012 and 2021 respectively. 

Whereas, the two decades vegetation change is presented in (Figure 4.6) below.  
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Figure 4. 3: Vegetation change between 2002 and 2021 
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Figure 4. 4 (a) NDVI Map of 2002; (b) NDVI Map of 2012  
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Figure 4. 5 NDVI Map of 2021      Figure 4. 6 Vegetation Change in three Periods 

 

4.1.5. LULC Assessment of the Study Area 

The LULC map (Figure 4.7) of the study area was generated from the supervised classification of the 

year 2021 Landsat 8 OLI image and an accuracy assessment was made based on the set criteria. Half 

of the total number of 107 GCPs (Table 4.2) collected from the field were used for classification and 

the remaining were used for accuracy assessment. The satellite image was classified into eight classes 

to produce and show the LULC map of the area. The overall accuracy of the classification result was 

81.01% with Kappa Statistics of 0.77. The result shows that Bush has an area coverage of 4,976.6 

km2 (36.06%) and mixed Grassland (Grass, Shrub, and wood) has 4,640.82 km2 (33.62%) of coverage 

(Table 4.3). These two Classes cover the majority of the study area and are the dominant cover types. 

The remaining area is occupied by Bare Soil that covers 1,643.02 km2 (11.9%), Forest holds 1,023.39 

km2 (7.41%), Settlement area of 50.97 km2 (0.37%), Agricultural area including Farm and Crop 

covers 1,465.47 km2 (10.61%) and water has an area coverage of 1.09 km2  (0.008%).  The result of 

the classification shows that the area is mainly covered with bush followed by mixed grassland.  
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Table 4. 2: GCPs Used for each of the LULC class 

S/N LULC Class No. of GCPs Assigned Class value 

1 Bush  18 1 

2 Water 4 2 

3 Settlement  11 3 

4 Farm Land 12 4 

5 Mixed Grass 19 5 

6 Crop Land  12 6 

7 Forest  14 7 

8 Bare Soil 17 8 

 Total GCPs 107 8 classes 

 

 

 

Figure 4. 7 LULC Map of the Study Area 
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Table 4. 3  Area Coverage of LULC of the Study Area 

OBJECTID  Class Name Area (sq_km) Area (%) 

1 Bush Area 4976.60 36.06 

2 Water Body 1.09 0.008 

3 Settlement Area 50.97 0.37 

4 Farm Land 509.78 3.69 

5 Mixed Grassland 4640.82 33.62 

6 Crop Land 955.69 6.92 

7 Forest 1023.39 7.41 

8 Bare Land 1643.02 11.90 

  Total  13801.3587 100.00 

 

4.2 Soil Quality Assessment  

Soil quality in terms of acidity and alkalinity (pH) of the soil in the rangelands is one major indicator 

to assess the productivity of the rangeland. The soil pH of the study area is interpolated and mapped 

(Figure 4.8) based on the USDA (1998) soil pH standard. Accordingly, the result showed a total area 

of 91.24 km2 (0.66%) and 494.33 km2 (3.58%) is strongly acidic and moderately acidic soil types (Table 

4.4). Whereas, the majority of the rangeland that includes 7,173.76 km2 (51.98%) is neutral soil type. 

The remaining 5,871.81 km2 (42.55%) and 169.91 km2 (1.13%) of the rangeland are moderately 

alkaline and strongly alkaline respectively. Hence, it is evident that the majority of the area is neutral 

followed by moderately alkaline soil types.  

 

Table 4. 4: Soil pH Class Value and Area Coverage  

pH Level Assigned Value Area (km2) Area (%) 

Strongly acidic 1 91.24 0.66 

Moderately acidic 2 494.33 3.58 

Neutral  3 7173.76 51.98 

Moderately alkaline 4 5871.81 42.55 

Strongly alkaline 5 169.91 1.23 

Total area   13801.05 100.00 
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Figure 4. 8: Soil pH level Map of the Study Area 

 

4.3 Soil Degradation Assessment due to Erosion and Deposition Using USPED Model 

4.3.1. Rainfall Erosivity Assessment  

Rainfall erosivity (R-Factor) shows the amount of rainfall that can affect the erodibility and 

transportability of the soil due to runoff.  The rainfall erosivity map of the study area was generated 

from the five stations within and surrounding the study area. The result of rainfall erosivity factor value 

ranges between 239 and 499 where lower value means lower erosion, whereas, higher value means 

higher erosion (Figure 4.9). Lower power of rainfall in the study area ranges 239 – 285 and covers an 

area of 13.84% and low R-Factor ranges 285 – 329 with an area cover of 29.16%. A moderate power 

of rainfall ranges 329 – 376 and covers 35.36% area. Whereas, high values range from 376 to 433 with 

an area coverage of 11.4% and the higher values range between 433 and 499 with an area coverage of 

10.61%.  
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Figure 4. 9: Rainfall Erosivity (R-Factor) map of the Study Area  

 

4.3.2. Soil Erodibility to Erosion (K-Factor) Assessment 

Soil erodibility is characterized by the nature of the soil to be detached and transported easily by a 

runoff.  The soil erodibility factor map was generated based on the structure, texture and organic carbon 

content of the soil in the study area (Figure 4.10). The soil erodibility of the study area is categorized 

from lower to higher susceptibility based on the result. Lower erodible areas have k-factor values less 

than 0.09 and cover 0.46% of the total study area whereas, low values range from 0.09 – 0.11 and have 

an area coverage of 0.98%. Moderate values range from 0.11 – 0.13 and cover 69.44% of the total study 

area coverage. High values of soil erodibility are observed at 0.13 – 0.15 and cover 24.7% of the total 

area. Whereas, higher k-factor values are ranging between 0.15 and 0.17 and have an area coverage of 

4.42% out of the total study area.      
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Figure 4. 10: K-Factor Map of the Study Area 

 

4.3.3. Land Cover Susceptibility to Erosion (C-Factor) Assessment 

The land cover vulnerability to erosion was labeled based on the cover factor value(C-Value) applied 

by different authors which is stated in the data analysis part of this study Table (3.5). From the cover 

factor result displayed in, the C-Factor value of the study area ranges between 0.005-1 (Figure 4.11). 

Values ranging from 0.0 – 0.001 are categorized as higher cover factor and are lower erodible in terms 

of cover and occupy an area of 0.8% of the total area. Whereas, high cover factor or low erodibility 

values ranging between 0.001 – 0.005 are covering an area of 2.07%. Areas with moderate erodibility 

cover factor values range between 0.005 and 0.2 and have an area coverage of 82.9%. High erodibility 

or low cover factor values range 0.2 – 0.6 and cover 5.32% of the total area. Lastly, cover type values 

ranging between 0.6 and 1 have lower cover factor or higher erodibility and cover an area of 8.9% of 

the study area.  
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Figure 4. 11: Cover Factor Map of the Study Area 

 

4.3.4. Topographic (LS-Factor) Assessment  

The effect of topography on soil erosion is denoted by the topographic factor (LS-factor) which 

represents the ratio of soil loss at a standard of 9% steepness and 22.6m of slope length (Ganasri, 2015). 

The topographic factor is one of the components that have an impact on the soil erosion and deposition 

of the study area. The result of the topographic component ranges from 0 – 586 (Figure 4.12). The slope 

of an area can be classified into seven categories such as nearly level, gently inclined, moderately 

inclined, strongly inclined, slightly steep, moderately steep, and very steep (Ramirez et al, 2020). The 

topographic factor of the area is classified into five categories. Values ranging from 0 - 4.60 has no or 

lower erosion risk and 4.60 – 18.41 has a low risk of erosion. Moderate erosion is expected within the 

LS-Factor range of 18.41 – 43.72 and high risk is expected within a range of 43.72 – 101.26 topographic 

factor value. LS-Factor values ranging from 101.26 – 586.82 will result higher risk of erosion and 

deposition. The overall result of the factors of erosion-deposition is displayed below based on Alelign 

et al., (2021) classification from lower to higher in (Table 4.5). 
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Figure 4. 12: Topographic Factor Map of the Study Area 

 

Table 4. 5  Summary of Area coverage of Erosion/Deposition Factors based on erosion susceptibility 
 

K_Factor R_Factor C_Factor LS_Factor  
Area (km2) Area 

(%) 

Area (km2) Area 

(%) 

Area (km2) Area 

(%) 

Area (km2) Area 

(%) 

Lower  63.04 0.46 1860.28 13.48 111.02 0.80 11949.49 86.58 

Low 135.68 0.98 4024.31 29.16 285.03 2.07 1476.52 10.70 

Moderate 9582.27 69.44 4880.09 35.36 11439.91 82.90 322.89 2.34 

High 3408.39 24.70 1572.74 11.40 734.20 5.32 48.69 0.35 

Higher 612.12 4.42 1463.93 10.61 1231.40 8.91 3.90 0.03 
 

13801.50 100.00 13801.35 100.00 13801.5 100.00 13801.50 100.00 

 

4.3.5. Overall Soil Erosion and Deposition Assessment 

The overall erosion deposition is analysed using the results of the soil erodibility factor (K-Factor), 

rainfall erosivity Factor (R-Factor), cover factor(C-Factor), and topographic (LS-Factor) factors. 
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Warren et al (2019) classified the amount of expected erosion as follows.  Positive values of the result 

indicate erosion whereas, negative values indicate deposition, and classified the magnitude of erosion 

and deposition level based on the following categories. Erosion (>24.7 ton/ha/yr.) is considered as high 

erosion, moderate erosion (12.35 – 24.7 ton/ha/yr.), low erosion (0 – 12.35 ton/ha/yr.), and stable (0). Similarly, 

low deposition (0 – 12.35 ton/ha/yr.), moderate deposition (12.35 – 24.7 ton/ha/yr.), and high deposition (>24.7 

ton/ha/yr.) (Table 4.6).  The result of the USPED model is classified based on the erosion and deposition 

classes (Figure 4.13 (a) and Figure 4.13 (b)). As can be seen on the map, high erosion and deposition 

is observed along hilly areas and rivers. 

  Table 4. 6: Erosion and Deposition Values and impact Level  

Classified Value range (ton/ha/yr.) Erosion and Deposition category 

< -24.7 High Erosion 

-24.7 - -12.35 Moderate Erosion 

-12.34 - -0.22 Low Erosion 

-0.21 – 0.25 Stable 

0.26 - 12.35 Low Deposition 

12.36 - 24.7 Moderate Deposition 

>24.7 High Deposition 

  

    

(a)        (b) 

Figure 4. 13: (a) Erosion - Deposition Map; (b) Erosion–Deposition Map (Enlarged Scale) 
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4.4 Rangeland Degradation Assessment Factors (Criteria) 

4.4.1. The LULC Cover Factor (C-Factor) 

The LULC result categorizes water bodies, mixed grassland, and forest as the major source of livestock 

feed production and have a very low impact or not the cause of rangeland degradation. This category 

covers 5,683.44 km2 (41.20%) of the rangeland area which is a significant cover of the total area next 

to Bush and bare soil covers. The second LULC class with negligible or marginal impact on rangeland 

degradation is the Settlement area that contains only 52.12 km2 (0.38%) cover of the total area. 

Farmland and cropland expansion is considered the causes of moderate rangeland degradation even if 

the latter contributes crop by-products to be used to feed cattle. This category covers an area of 1,469.41 

km2 (10.65%) of the total rangeland which has a significant contribution to the rangeland degradation 

next to Bush cover and bare soil. The bush and bare soil cover of the LULC data shows the maximum 

area coverage of the rangeland containing 6,596.02 km2 (47.81%). This cover type is considered the 

most rangeland-degrading factor and has a high impact on the degradation. Figure (4.14) and the Table 

(4.7) below display the area coverage of the rangeland degradation level of the LULC classes. 

 

Figure 4. 14: LULC Degradation Map 
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Table 4. 7: LULC Area Coverage and Level of Degradation   

LULC Class  Assigned  

Value 

Degradation 

level 

Areas 

(km2 ) 

Area 

 (%) 

Water Body/Mixed Grassland/ Forest   1 No/Very low 5683.44 41.20 

Settlement   2 Marginal 52.12 0.38 

Agricultural Land (Crop + Farm)  3 Moderate 1469.41 10.65 

Bush Area/Bare Land  4 High 6596.02 47.81 

Total area   13,801.00 100.00% 

 

4.4.2. Soil Quality (pH) Factor 

The result obtained from the soil classification indicates that more than half of the rangeland soil 

covering 7,496.31 km2 (54.32%) has a very low degradation level or is not degraded (Figure 4.16).  

Whereas, 1,202.58 km2 (8.71%) of the area coverage has a marginal degradation level.  Area coverage 

of soil of 3,852.33 km2 (27.91%) and 1,250.13 km2 (9.06%) is moderately and highly degraded 

respectively. The soil in the east part of the study area has moderately to strongly acidic properties. The 

soil in the North and central part has mainly neutral properties while some parts of the center extending 

to the North show moderate to slightly alkaline property. The moderately to strongly alkaline properties 

of soils are mainly characterized by the soil types in the Southern part of the study area (Figure 15).  

 

Figure 4. 15: Soil Quality (pH) Degradation Map of the Study Area 
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Figure 4. 16: Soil pH Level of Degradation    

 

4.4.3. Soil Degradation due to Erosion and Deposition Factor 

Concerning to erosion and deposition, the majority of the rangeland area 4,163.13 km2 (30.16%) is not 

vulnerable to erosion and deposition threat (Table 4.8).  Its erosion and deposition amount is between 

-0.21- 0.25 ton/ha/yr. and is considered as negligible degradation.  Majority of the study area that covers 

7,402.51 km2 (53.63%) is marginally vulnerable to erosion and deposition. Its erosion and deposition 

amount is about 12.35 ton/ha/yr. An area of 679.00 km2 (4.93%) and about 1,556.36 km2 (11.28%) of 

the total area of the rangeland is moderately and highly vulnerable to erosion respectively. The 

moderately degraded area has an erosion and deposition amount 12.36 – 24.7 ton/ha/yr. whereas, the 

highly degraded area has a soil erosion and deposition amount greater than 24.7 ton/ha/yr. High erosion 

and Deposition is observed along the rivers and mountain beds (Figure 4.17 (a) and (b)). 

0

10

20

30

40

50

60

No/Very low Marginal Moderate High

54.32

8.71

27.91

9.06

A
R

E
A

 I
N

 (
%

)

LEVEL OF DEGRADATION

Soil pH Degradation Level (%)



66 
 

   

(a)        (b) 

Figure 4. 17 (a) Erosion-Deposition Degradation; (b) Erosion-Deposition Degradation (magnified)  

 

Table 4. 8: Soil Erosion and Deposition Area Coverage and Level of Degradation 

Erosion-Deposition Assigned 

Value 

Degradation 

Level 

Area (km2 ) Area (%) 

Stable  1 No/Very low 4163.13 30.16 

Low erosion & low deposition 2 Marginal 7402.51 53.63 

Moderate erosion & deposition 3 Moderate 679.00 4.93 

High erosion & deposition 4 High 1556.36 11.28 

Total Area 
 

 13801 100.00 

 

4.4.4. Aggregated Rangeland Degradation Assessment  

The weighted overlay analysis result indicates that 3,823 km2 (27.70%) rangeland is not degraded or 

has a very low degradation level (Table 4.9). Whereas, an area of 2,617.18 km2 (18.97%) of the total 

rangeland is marginally degraded. These areas are located next to areas with no degradation. Rangeland 

with an area of 6,486.72 km2 (46.98%) accounting for the remaining majority coverage of the study 

area is moderately degraded. The moderately degraded area mainly covers the southwestern, south 
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eastern, some parts of northern and southern parts of the study area (Figure 4.18). The remaining area 

that covers 874.62 km2 (6.33%) of the total rangeland located in the south and central part of the study 

area is highly degraded. The overall rangeland degradation analyzed through weighted overlay analysis 

result is presented in Figure (4.18) below.  

 

Figure 4. 18 Overall Degradation Map of the Study Area 

 

 Table 4. 9: Area Coverage and Level of Rangeland Degradation  

Degradation Level Value Area (km2 ) Area (%) 

No/Very low  1 3823.00 27.70 

Marginal 2 2617.18 18.97 

Moderate 3 6486.72 46.98 

High 4 874.62 6.33 

Total Area 
 

13801.01 100.00 

 

4.5 Site Suitability Results for Rangeland Rehabilitation 

As stated in the analysis section of this study, the result of the weighted overlay analysis was indicated 

by the four categories of rangeland suitability classes namely: highly suitable (S1), moderately suitable 

(S2), marginally suitable (S3), and not suitable (N). The soil suitability as well as the overall site 

suitability of the study area were categorized based on this classification standard (specified in the 

method section).   
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4.5.1. Soil Suitability  

 

 

 

Figure 4. 19: Soil Suitability Graph  

 

Soil suitability was analysed by combining five component factors of soil suitability including soil 

depth, soil texture, soil OC, soil pH, and soil Total Nitrogen. The result shows that 0.25% of depth, 

94.90% of texture, 79.91% of OC, 70.48% of pH, and 99.90% of total nitrogen indicate high suitability 

of the soil (Figure 4.19 above). Whereas, 94.47% of depth, 0.09% of texture, 11.83% of OC, 25.32% 

of soil pH, and 0.09% of TotN are moderately suitable. The suitability of soil in the marginal class is a 

minimum that is 5.17% depth, 1.52% texture, 3.42% OC, 1.54% pH, and 0.01% total Nitrogen. The 

study area has only 0.11% depth, 3.48% texture, 2.66% pH, 3.42% OC, and 0% TotN area of soil that 

is not suitable for rangeland rehabilitation. (Figure 4.20), (Figure 4.21), and (Figure 4.22) below show 

the results of soil suitability.  
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Figure 4. 20 (Left) Soil Depth Suitability Map; (Right) Soil Texture Suitability Map 

  

 Figure 4. 21 (Left) Soil pH Suitability Map; (Right) Soil Organic Carbon Suitability Map 
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Figure 4. 22 (Left) Soil Total Nitrogen Suitability Map; (Right) Overall Soil Suitability Map  

 

Overall Soil suitability analyzed using the five component factors/criteria and the result indicates that 

about 60.88% (8,400.83 km2) area of the rangeland soil is highly suitable for the rehabilitation of the 

rangeland (Table 10). Whereas, 38.16% (5,265.61 km2) area coverage of the soil in the study area is 

moderately suitable. Only 0.97% (133.89 km2) and 0.32 km2 of the rangelands soil area coverage is 

marginally and not suitable for rehabilitation through grass reseeding respectively.  

 

Table 4. 10: Area Coverage of Soil Suitability  

Suitability Range Value Area (km2 ) Area (%) 

Not Suitable 1 0.32 0.002 

Marginally Suitable 2 133.89 0.97 

Moderately Suitable 3 5265.61 38.16 

Highly Suitable 4 8400.83 60.88 

Total area 
 

13800.65 100.00 
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4.5.2. Site Suitability Criteria  

Table 4. 11: Area Coverage and Level of Suitability Criteria for Rangeland Rehabilitation  

 Soil LULC Rainfall Slope Temperature 

 (km2 ) (%) (km2 ) (%) (km2 ) (%) (km2 ) (%) (km2 ) (%) 

S1 8378.91 60.71 1646.97 11.93 8284.29 60.03 3972.67 28.79 2059.58 14.92 

S2 5283.70 38.28 511.00 3.70 4734.11 34.30 7074.32 51.26 3925.35 28.44 

S3 138.40 1.00 4652.07 33.71 782.60 5.67 1696.98 12.30 4963.82 35.97 

N - - 6990.96 50.66 - - 1057.09 7.66 2852.60 20.67 

 

4.5.2.1   Soil 

The result of soil suitability shows that 60.71% and 38.28% of the total area is highly and moderately 

suitable for rehabilitation respectively (Table 4.11 above). Consequently, the result indicates high 

suitability of all types of component factors except that the maximum suitable depth is identified in the 

moderate suitability class than in the high suitability. However, there is a highly suitable soil in general 

than the other suitability classes to make it an input for suitability analysis. 

4.5.2.2   LULC 

From the suitability result, it is observable that 11.93% and 3.70% of the total rangeland is highly 

suitable and moderately suitable respectively. Whereas, a significant area coverage (33.71%) of the 

LULC has little contribution to rehabilitation. More than half (50.66%) of the total area coverage of the 

rangeland is not suitable for rehabilitation. Since this study intended to rehabilitate the degraded grazing 

land damaged due to overgrazing, drought, and soil degradation, the LULC type that would be suitable 

for rehabilitation is mainly the bare soil and the sparsely vegetated part. As a result, the marginally 

suitable and the unsuitable part of the LULC classes including water, bush, forest, Settlement, and crop 

in the analysis account for the larger amount of area coverage. The highly suitable site is located in the 

central part of the study area extending to the south.  

4.5.2.3   Rainfall  

The suitability result of the rainfall for forage germination and growth is 60.03%, 34.3% and 5.67% 

highly suitable, moderately suitable, and marginally suitable respectively. About 94.33% of the total 

area of the rangeland gets from highly suitable to moderately suitable rainfall. There is no location in 
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the study area receiving unsuitable rainfall (minimum of 250mm - 300mm or maximum of 1000-1200 

mm) for forage growth based on the suitability classification (Dengiz et al, 2016).   

4.5.2.4   Slope 

From the result, 28.79% of the total area with slope of 0-2% is highly suitable for reseeding. Whereas, 

more than half (51.26%) of the total area of the rangeland is moderately suitable for rehabilitation of 

the rangeland. From this result, it is clear that in terms of gradient, about 80.05% of the area is highly 

to moderately suitable for rehabilitation.  The result shows that 12.30% and 7.66% (>12% slope) of the 

total area is marginally suitable and unsuitable respectively.  

4.5.2.5   Temperature 

The result indicates that areas located in the central part of the study area covering 14.92% with a 

temperature of 14.9 o C -18.4 o C have a highly suitable temperature. Whereas, 28.44% area coverage of 

the study area located in the south-central and north-central parts has a moderately suitable temperature.  

The study area located in the northern and southern parts next to the unsuitable areas with 35.97% of 

area coverage is marginally suitable and 20.67% of area coverage of the north and south tips of the 

study area with temperature of 20.8 o C -21.3 o C is unsuitable. Figures (4.23), (4.24) and (4.25) below 

show results of factors’ of site suitability. 

  

Figure 4. 23 (Left) Soil Suitability Map; (Right) LULC Suitability Map 
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  Figure 4. 24 (Left) Slope Suitability Map; (Right) Rainfall Suitability Map 

 

Figure 4. 25 Temperature Suitability Map  
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4.5.3. Overall Land Suitability Assessment for Rehabilitation 

The weighted overlay analysis result of the site suitability indicates that an area of 1,480.62 km2 

(10.7%) has a minimum contribution for rangeland rehabilitation since it is marginally suitable (Table 

4.12). An almost negligible amount of unsuitable area coverage resulted from the weighted overlay 

analysis of the factors. Whereas, the moderately suitable area accounts for 11,235.39 km2 (81.4%) 

which is the majority of the study area and is suitable for grass reseeding purposes. The highly suitable 

site has an area coverage of 1,084.99 km2 (7.9%) which is the best site that fulfills all the important 

requirements, and is identified for proper grass reseeding for rangeland rehabilitation (Figure 4.26).  

Table 4. 12: Suitability Area Coverage of the Rangeland 

Suitability Range Value Area (sq_km) Area (%) 

Not Suitable 1 0.0027 0.002 

Marginally Suitable 2 1480.62 10.7 

Moderately Suitable 3 11235.39 81.4 

Highly Suitable 4 1084.99 7.9 

 Total area  
 

13801 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 26 Suitable Site for Grass Seeding/Reseeding in the Study Area  
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CHAPTER FIVE 

5. DISCUSSION 

5.1 Rangeland degradation  

5.1.1. Vegetation Degradation  

According to the result of the NDVI, the non-vegetated area shows an increase between 2002 and 2012. 

Whereas, it showed a decrease between 2012 and 2021. The sparsely vegetated area showed a 

continuous increase in 2012 and in 2021from its state in 2002. On the contrary, moderately vegetated 

areas showed a continuous decrease in 2012 and in 2021 from the state it was in 2002. Similarly, 

densely vegetated area showed a significant decrease in 2012 and continued decreasing in 2021. From 

this result, sparse vegetation has been observed to increase while moderate and dense vegetation is 

decreasing continuously. This result is in alignment with a study conducted by Sisay et al, (2020) that 

forest cover was changing at an alarming rate with significant magnitude due to intensive grazing and 

browsing by the livestock, crop farming, woodcutting, and settlement. Besides, this study agrees with 

a study by Han et al., (2008) that when rangeland is degraded, the level of vegetation cover reduces and 

results a shift in vegetation condition from one state to another.  

Mountainous parts of the study area, which was occupied by dense forest and vegetated areas in the 

eastern and western parts of the rangeland except a few areas changed to moderate and sparse vegetation 

conditions respectively in 2012. Similarly, sparse vegetation extending from north to south as well as 

moderate vegetation in the east, west, and north parts of the study area in 2002 changed to a non-

vegetation condition in 2012. The decrease in vegetation condition is due to the use of trees for building 

a house in the settlement areas, charcoal for commercialization, firewood for cooking, house 

apparatuses, and the building of fences. This result is in alignment with a study conducted in one of the 

woredas in the Borana rangeland by Michael et al., (2015) that a decrease in vegetation condition was 

caused by the use of wood for fuel, fencing, and use as a construction input by the community. 

Moreover, the increase in settlements and urbanization can contribute to the decrease in vegetation 

conditions from dense to moderate and sparse vegetation conditions. Singh (2020), that urbanization 

and urban expansion as well as economic activities lead to deforestation, proves this idea and 

consequently increase sparsely vegetated areas.    

An increase in the non-vegetated area in 2012 is also due to Agricultural expansion that contributed to 

the vegetated area being converted into a non-vegetated area. In their study, Sisay et al., (2020) stated 

that between 2006 and 2016, the forest cover in the Yabelo woreda of Borana rangeland has been 
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changing into cultivated land and invading bushland. They also added that firewood cutting, 

construction, and overgrazing deform the forest and vegetated areas and force them to be converted to 

non-vegetated areas. This study also showed that the degradation of the rangeland vegetation from time 

to time because human activities affect the ecosystem negatively in search of derived benefits from the 

rangeland resources. This is supported by a study conducted in Kenya by Waweru & Oleleboo (2013) 

indicated that human beings and wildlife both are using natural (land) resources and as a result compete 

negatively. 

5.1.2. Livestock feed Degradation  

The LULC classification accuracy assessment result shows an overall classification accuracy of 81.01% 

and Kappa Statistics of 0.77. Kappa values are ranging between 0 and 1 and are classified into three 

categories. Values greater than 0.80 denote strong agreement, those between 0.40 and 0.80 denote 

moderate agreement, and less than 0.4 denote poor agreement (Rahman, et al., 2006).  Accordingly, 

the kappa coefficient of the LULC result of this study is almost in strong agreement.  

The result of this study indicates that the dominant land cover type in the study area is bush with 36.06% 

coverage. This result is in agreement with the study conducted by Sisay et al (2020) that the Borana 

rangeland is mainly dominated by bush that is the major degrading factor of the grazing land in the 

pastoral community. In addition, this result is also supported by studies that assessed the rangeland 

condition from 1973 up to 2010 and that one of the reasons for a decrease in grass cover was due to an 

increase in bush cover (Teshome, 2011; Jaleta et al., 2012; Sintayehu et al., 2006). The current result 

indicates that the encroachment of bush is still dominant that degrades the rangeland in terms of 

availability of pastureland. The expansion of bush was because of a ban on fire since the 1970s by 

government policy that prohibited pastoralists to use fire that was a traditional way for pastoralists to 

prevent it (Teshome, 2011). Michael et al., (2015) also stated that cutting trees for construction and 

overgrazing assisted in the deformation of palatable plants again enabling the emergence and expansion 

of bushes. In addition to the bush cover, bare land and agriculture are also degrading factors of the 

rangeland. The result of this study showed that agricultural and bare land covers are increased causing 

the rangeland to diminish. This is supported by Tilahun et al., (2017) that the rangeland communities 

in Borana especially in Yabelo woreda are increasingly involved in crop cultivation as an alternative 

means of livelihood, which significantly degrades the grazing area. The total area coverage of these 

three land cover types goes to 58.57%, which is a large area that is not providing feed for the livestock 

and encounters livestock production in the Borana rangelands (Yeneayehu et al., 2018).  The result of 
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this study also showed that the bush cover mainly dominates the southwestern, southeastern, and 

northeastern parts of the rangeland. Whereas, areas extending from the center north to southern parts 

are dominated by bare lands and agricultural lands.  

5.1.3. Soil quality (pH) Degradation  

As the soil becomes more acidic, and more alkaline, its suitability to grow crops and grass will decrease. 

The result of the pH value extremely low to extreme high means its acidity and alkalinity are high 

indicating soil is degraded in terms of its chemical properties. The result of the soil pH level indicates 

that the study area has more neutral soil pH even though it is inclined to be more alkaline having a total 

area of 42.55%. This result aligns with a study conducted in Yabelo woreda that the majority of the 

area is more alkaline than acidic (Mohammed & Omar, 2021). Rangelands with bare land cover have 

lower soil pH and as there is continuous overgrazing, the soil quality (pH) will go higher (Getachew et 

al, 2007;Yong-Zhong et al, 2005).  However, the majority of the area ranging from center to north 

covering an area of 7,496.31km2 has no or very little effect of degradation. Whereas, 27.91% and 9.06% 

of the study area covering 5,102.46 km2 has moderate and high degradation respectively. The highly 

degraded areas are located mainly in the southern parts of the study area as well as observed in the 

center and northern parts.   

 

5.1.4. Soil Degradation due to Erosion and Deposition 

Soil erosion and deposition is one of the degradation factors among the different types of land 

degradation factors that affect the productivity of land through the depletion of soil nutrients (Nigussie 

et al, 2015; Tegegne et al, 2017).  

The result of rainfall erosivity (R-Factor) indicates that the highest value is observed in the north part 

of the study area where the higher altitude is observed and lower (239 – 285) values are located in the 

east part of the study area. Morgan (2005) stated that as altitude increases, the strength of rainfall 

intensity increases, and hence erosivity will be high. Moderate rainfall erosivity power is observed in 

the southwest part of the study area covering an area of 4,880.09km2.  Rainfall erosivity power increases 

in the northern part (higher R-Factor value of 433-499) of the study area and low erosivity is to the 

southeastern part. However, the erosion and deposition amount in the northern region is lower since 

the vegetation cover is better.  

 

The result of the soil erodibility factor (K-Factor) in this study ranges between 0.09 – 0.17 and is 

considered a low erodibility of soils of the study area to runoff. Moreover, the majority of textural 
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characteristics of the soils in the study area are Sandy clay loam, sandy loam, and clay loam types 

(Table 3.8), clay and clay compound soils, as well as, sandy soils are less detachable and less 

transportable. This result is in agreement with the USDA RUSLE development team (2001) standard 

that  states soil types with high clay content and fine texture ranging between 0.05 – 0.15 k-values as 

well as high organic carbon content are less susceptible to soil erosion. Besides, the high organic 

content of the soil in the study area which helps the soil particles to stitch together and resist detachment 

to erosion. The USDA RUSLE development team also confirmed that organic carbon has the power to 

aggregate and bind soil particles and the nature of clay soil has the power to resist detachment  

Land cover has a major role in soil erosion in terms of protecting the soil from detachment and 

transportation. From the result, the lower values of cover-factor indicate the soil types under forested 

area cover are less susceptible to erosion. Whereas, the higher values assigned to bare soil types indicate 

these cover types are more prone to soil erosion than the rest of the cover types. The result showed that 

forest cover type, shrublands, and bushland have less vulnerability to soil erosion as compared to other 

land cover types.  Croplands and grasslands, farmlands, and bare soil have medium to highest 

vulnerability to erosion. Whereas, the central parts of the study area covered with more bare soil are 

more susceptible to erosion. Most of the study area is considered moderately vulnerable to erosion.  

 

With respect to topographic condition, areas located in the west, Northeast, and South-West parts of 

the rangeland can be categorized as slightly-to-moderately steep having higher LS-Factor values 

(101.26 – 586.82), and are highly prone to erosion. Mitasova et al., (1996) stated that areas with higher 

slope angel and with higher slope lengths are prone to erosion. Consequently, areas from the bottom of 

the mountains to some parts in the central North and center south with medium values of slope angle 

and slope length (LS-Factor) are moderate to strongly inclined and are also prone to erosion. Whereas, 

the majority of the center part and west part are categorized as level to gently inclined (LS-Factor value 

of 0 – 4.60) and are less prone to erosion and deposition. About 80.05% of the slope of the study area 

has a 0 – 6 gradient in percent. 

The overall result of erosion and deposition indicates that high erosion and deposition observed in the 

highlands and seasonal riverbanks where high runoff and sediment deposition is a phenomenon. 

Besides, the higher slope of the terrain as well as the length of this slope near mountains and riverbanks 

together with the higher intensity of rainfall increases the erosion and deposition rate. This is in 

agreement with a report (Balasubramanian, 2017) that soil erosion will increase as the topographic 
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factor (LS-Factor) increases creating speedy runoff as well as, a higher accumulation of water. 

Cultivated agricultural lands and barren soil areas are the susceptible areas that show more significant 

erosion and deposition potential than the other land cover types. Streams are mainly flowing from the 

northwest (Higher topography) to the southeast (Lower topography) and heighten the power of seasonal 

rivers and increasing erosion and deposition along them.  This idea is supported by Mitasova (2014) 

stated as, streams reinforced by surface runoff due to higher flow accumulation have a higher rate of 

erosion.  

5.1.5. Overall Rangeland Degradation 

The overall degradation was identified by categorizing the degradation level into four levels and can 

be said to be moderately degraded. Based on the results of component factors of degradation, LULC 

has higher degradation value (47.81%) whereas, soil pH and erosion and deposition have 9.06% and 

11.28% respectively.  The highly degraded areas have area coverage of 6.33% out of the total land. 

This result is lower as compared to the above component degradation factors results indicated. This is 

because the weighted overlay analysis computes common areas of the component factors since some 

degraded areas in one factor will not match with the other and Vis versa. The result (46.98%) of the 

weighted overlay analysis indicates that most of the areas in the southwest, southeast, and center north 

are moderately degraded since these areas are covered with bushes, farm and bare soils. This result 

agrees with a study conducted by Sisay et al, (2020) that bush encroachment and agriculture land 

increased between 1986 and 2016 whereas, forestland decreased in Yabelo woreda. Bush cover, bare 

soils, and riverbanks are the major deteriorating indicators of rangeland in terms of the availability of 

livestock feed. These areas are endangered to be converted to a high level of degradation very soon 

unless necessary mitigation measures are taken. The highly degraded area is mainly located in the 

southern part of the study area and scattered to the north in the form of small patches. In addition, areas 

near riverbanks are highly degraded because of the high slope that exposes the land for erosion as well 

as the associated bush cover. The area where it is very little or no degradation is mainly located in the 

Northern and Northeastern parts of the study area which is good for livestock productivity in terms of 

availability of enough feed specious (mixed grassland and forest). Moreover, the North is mainly 

characterized by neutral soil type as observed from soil quality (acidity and alkalinity) result. Soil 

erosion and deposition condition also in the north is not significant or very little as compared to other 

parts of the rangeland.  
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The major rangeland degradation indicator in the study area is the bush encroachment that is expanding 

from time to time as discussed in the LULC part of this study. Next to the bush are the increase of bare 

soil due to overgrazing as well as the agricultural expansion that is declining the rangeland productivity 

(Yeneayehu et al, 2018). Whereas, the soil is the major land productivity material where crops and 

vegetation are growing on. However, the degradation of soil in terms of its increased alkalinity is the 

source of rangeland degradation that in turn degrades the rangeland productivity. Soil erosion also 

washes away, deposits soil nutrients useful for plant growth in the lower areas, and turns the upslope 

land tough and unproductive. 

 

5.2 Rehabilitation Site Suitability 

The overall suitability of the area for rehabilitation was categorized based on the suitability classes as 

high (S1), moderate (S2), marginal (S3), and not suitable (N) (Dengiz et al., 2016; Amiri, 2009).  

5.2.1. Soil Suitability 

Accordingly, Soil suitability was analysed using soil depth, texture, pH, organic matter and total 

Nitrogen since these soil characteristics are essential for growing grass (Stichler, 2002; Hamere & 

Teshome, 2018). These soil components were analysed individually and their respective suitability is 

presented in (Table 4.13) in the results section. A combined result of these soil characteristics showed 

that majority the (60.88%) of the soil in the study area is highly suitable for rehabilitation. This class 

according to Dengiz et al., (2016) has suitable soil texture, organic carbon, soil pH, total nitrogen, and 

soil depth. This result of soil suitability was taken as input for the suitable site selection for rangeland 

rehabilitation in the study area.  Accordingly, Soils in the areas where no/very little degradation are 

located in the South-East, North, Northeast, and North-West part of the study area are highly suitable. 

Whereas, areas in the south, the north, center, and western part have moderately suitable soil types.   

5.2.2. LULC Suitability 

The suitability of LULC of the study area is analysed from the perspective of its condition to grow 

palatable grass. Bush cover is not suitable for rehabilitation through replanting since it is difficult to 

prepare the land for seeding. A total area of LULC covering 36.06% is encroached by bush which limits 

the suitable site identification for rehabilitation.  The agricultural area also is not suitable as it is 

occupied by crops and farmlands prepared for crop growing. The highly suitable area to rehabilitate 

would be the bare land that is highly degraded. Approximately, 15% of the total area is highly to 

moderately suitable for grass reseeding respectively.  
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5.2.3. Rainfall suitability  

The result of rainfall suitability indicates that 60.03% and 34.3% of the study area receives highly 

suitable and moderately suitable rainfall. The rainfall amount of the study area ranges (from 443mm – 

917mm) and is suitable. No area is receiving an unsuitable rainfall amount except for the difference in 

its magnitude of suitability. Consequently, the southern part of the study area and southwest to northeast 

direction as well as some area in the center is highly suitable for rehabilitation since it receives 450 mm 

– 650 mm rainfall is an appropriate rainfall amount (Dengiz, et al. 2016). The majority of the west and 

northwest of the study area receives moderate (350-450 and 650-850) millimeter rainfall. Whereas, 

some area in the northern tip has higher rainfall amount which has little suitability (796mm – 917mm).     

5.2.4. Slope Suitability 

Rangeland topography in the northern and eastern directions that range from moderately inclined to 

strongly inclined (Ramirez et al, 2020) is marginally suitable. Whereas, the center, South, southeastern, 

and the western part of the rangeland where the topography ranges from nearly level to gently inclined 

is moderate to highly suitable for rehabilitation. This area has 28.79% and 51.26% (80.05% total) of 

the area with highly suitable and moderately suitable slopes respectively. These areas are useful for 

rehabilitation as the highly suitable area is represented by a 0 – 2 percent gradient while the moderately 

suitable area is a 2 – 6 percent gradient (Dengiz et al., 2016).  Areas in the Center west, northeast, and 

southwest parts of the rangeland that are mountainously ranging from moderate to very steep slopes 

are not suitable for rehabilitation.  

5.2.5. Temperature Suitability 

The result of temperature in the study area shows that the central part covering an area of 14.92% is 

highly suitable. This area is extended from the west part to the northeastern part of the study area. 

Whereas, the adequately suitable temperature of 28.44% of the total rangeland is located next to the 

highly suitable area in north and south directions. An area with little contribution to rehabilitation is 

covering the majority area (35.97%) in the south and north directions. Areas in the north and south tips 

of the study area are not suitable in terms of temperature for rehabilitation.   

5.2.6. Overall Land Suitability  

The dark green area in the suitability map (Figure 4.22) is the highly suitable area used to sow grass 

seed after the land is prepared for seeding. The highly suitable site covering an area of 7.9% is mainly 

located in the central and southern parts of the study area where more bare soil LULC class, fertile soil, 

a suitable amount of rainfall, flat to gentle slope, and appropriate temperature are available. From the 

result, it is visible that a large size of the rangeland (81.4%) is moderately suitable and this area could 
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be useful for rehabilitating the area next to the highly suitable area depending on the magnitude of 

preparing the land for rehabilitation. Areas in the north and northwestern parts with an area coverage 

of 10.7% are covered with palatable vegetation and are less suitable. The bush cover that occupies 

36.06% of the total area minimized the suitable area cover of the rangeland, as the bush is difficult to 

grow plants under it.  This result is in alignment with Berhanu and Suryabhagavan (2015) that the bush 

has a negative effect in terms of suitability due to its nature to reduce palatable feed and movement to 

graze and browse for cattle and sheep. 

Various rehabilitation methods like removing bush through cutting, managing overgrazing through 

differed grazing, grass reseeding and using prescribed fire are recommended to manage and rehabilitate 

the rangeland in Borana Zone (Yeneayehu et al., 2018; Bedasa et al., 2014). Majority of suitable sites 

located in western part of Arero woreda, around Sogiya town of Dahas woreda, and eastern parts of 

Yabelo woreda can be rehabilitated using the reseeding method.  Suitable sites selected in this study 

can be used to plant improved seeds of highly productive, fast growing, palatable and deep rooted 

Rhodes grass in order to restore the degraded area in the rangeland. Rhodes grass is an improved 

perennial grass which can be grown on-farm and used by agro-pastoralists (Yenesew et al., 2015).  

According to Yenesew et al., (2015) this grass specious was tested and had better productivity and 

nutritive value when compared with other six specious of grasses in their study in Amhara Regional 

state. Rhodes grass is a recurrent, fast growing, palatable and deep rooted grass that can sustain longer 

time without being degraded.  According to this study, the identified highly and moderately degraded 

areas in borana rangeland can be rehabilitated using an improved Rhodes grass seed. A study conducted 

by Bedasa et al., (2014), highly degraded areas that were selected at Jegesa site of Dugda-Dawa woreda, 

one of the woredas in borana zone  were planted with Rhodes seed purchased from Elfora (at Hawassa) 

and found highly productive and acceptable by pastoralists.  
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CHAPTER SIX 

6. CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

Rangeland is Land on which the native plant mainly grasses, grass-like plants, forbs, or shrubs are used 

for current and future grazing and browsing in the customary environment for the production of 

livestock and wildlife (Allen et al., 2010). The Borana rangeland is degraded and unable to 

accommodate the requirements of the livestock in providing feed due to different degradation factors. 

Because of this, pastoralists in the area are unable to get necessary products and services for their 

livelihood, as the livestock is not productive due to a lack of feed. This condition will exacerbate unless 

a study to the identification of the type and level of rangeland degradation and take measures to recover 

it.  This study was therefore, initiated to analyse the Borana rangeland degradation condition using 

factors affecting the degradation and to identify suitable rehabilitation sites through remote sensing and 

GIS techniques.  

Accordingly, NDVI was analysed to identify the degradation and magnitude of change of the rangeland 

in general and the vegetation in particular. It also addressed the assessment of soil erosion and 

deposition threats, and soil chemical properties (pH) degradation to know the overall degradation. 

Finally, the study addressed the assessment of grass reseeding site selection to rehabilitate the rangeland 

and conducted using appropriate datasets.   

Specific data were collected from global websites, local institutions, and from the field that is 

appropriate and applicable for the analysis works. Accordingly, satellite images of Landsat 7 ETM+ 

and Landsat 8 OLI images of the three periods (2002, 2012, and 2021) as well as elevation data were 

collected. Soil data was collected from the Ethiopian Agricultural Research Institute and WLRC of 

Addis Ababa University. Climate (temperature and rainfall) data were collected from the National 

Meteorological Institute of Ethiopia. Field data using GPS technology was collected from the study 

area to be used for training and accuracy assessment.  

NDVI-based vegetation analysis and supervised classification methods and techniques were applied to 

identify the vegetation degradation and map the LULC of the area respectively. The USPED model 

was applied to investigate the potential threats of erosion and deposition. Soil erodibility, rainfall 

erosivity, cover condition, and topographic factors were used as indicators to analyse the erosion and 

deposition potential of the study area using weighted overlay analysis in the ArcGIS environment. The 
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overall composite degradation map was generated by mapping the level of Soil pH degradation and by 

conducting a weighted overlay analysis in combination with erosion and deposition as well as 

vegetation degradation factors. Finally, a suitable site for grass seeding was analysed using LULC, 

slope, rainfall, temperature, soil depth, soil texture, soil pH, OC, and total Nitrogen factors of suitability. 

All the results were interpreted based on the actual quantitative outputs of the analysis and discussed. 

Accordingly, the degradation of the rangeland indicates that 27.70% of the total study area is not 

degraded or has a very low level of degradation. Whereas, 18.97% of the total rangeland located next 

to the low degraded areas is marginally degraded. Rangelands with area coverage of 46.98% and 6.33% 

are degraded moderately and highly respectively. The findings show that majority of the area is 

categorized in the moderately degraded range. This implies that after some time shortly, the majority 

of the rangeland will be degraded highly unless proper measures are taken. 

With respect to suitability for rehabilitation of the degraded rangeland in terms of grass seeding or 

reseeding, a negligible mount (0.002%) of area show unsuitability while 10.7% is marginally suitable.  

A total of 81.4%, which is the majority of the study area, is moderately suitable for grass reseeding 

while 7.9% of the total area is highly suitable for rehabilitation. In general, the highest area coverage 

is accounted for moderately suitable land for rehabilitation. The moderately suitable area of the 

rangeland is also important for rehabilitation if it is sowed with natural fertilizer for grass seeding and 

tilling the land to some extent. The highly suitable land can help pastoralists grow the necessary feed 

in the form of hay that could be used during drought seasons to withstand drought-induced cattle 

starvation and death.  

6.2 Recommendations  

The following points of recommendation are forwarded based on the findings of this study: 

 Different experts in different countries have already used the USPED model to estimate the 

threat of soil loss in terms of erosion and deposition in an area. However, the results obtained 

from this study need validation through further investigation by using high-resolution DEM as 

well as field verification of the result. 

 Measures to prevent the expansion, and finally the removal of bush that is highly spreading 

need to be taken through a detailed feasibility study to initiate rehabilitation projects with the 

involvement of the community to restore the degraded rangeland. 

 Proper planning of the land use in the form of pasture land, agriculture, and forest in the 

rangeland is required as well as to demarcate the pasture land from other land use types in 
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proportion to the livestock population minimize overgrazing as well as, discourage the 

expansion of agriculture.   

 In Ethiopia, more recent soil sample data covering the whole country, especially in the 

rangelands are deficient.  Higher precision of the level of physical and chemical properties of 

soil in the study area can be achieved and shall be conducted by taking recent soil samples at a 

larger scale in the rangeland. Besides, it is important to do a detailed study and identify which 

soil parameter is highly important for grass production in the rangelands. 

 The fast expansion of the bush encroachment in the study area shall be monitored and action 

can be taken through the application of remote sensing technologies and frequent mapping of 

the land use land cover of the rangeland.  

 Even if the highly degraded areas are smaller as compared to moderately degraded areas based 

on the findings, there is a high risk of turning the majority of the rangeland into a highly 

degraded condition unless degradation protection such as Rhodes grass reseeding and other 

restoration measures are considered sooner.  
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APPENDICES 

APPENDIX 1  
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APPENDIX 2 

Study Area Soil, Degradation, and Suitability Maps  
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APPENDIX 3: 

Field Photographs 
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APPENDIX 4  

Analytical Hierarchy Process (AHP) for Rangeland degradation 

1. Pairwise Comparison of the Criteria 

Criteria Bush Settlement Farm Crop Bare 
Bush 1 5 2 3 2 

Settlement 0.2 1 0.5 2 0.25 

Farm 0.5 2 1 2 2 

Crop 0.333 0.5 0.5 1 0.333 

Bare 0.5 4 0.5 3 1 

Sum  2.533 12.5 4.5 11 5.583 

 

2. Normalization of pairwise comparison and weighting  

Criteria Bush Settlement Farm Crop Bare Weight 

Bush 0.40 0.4 0.44 0.27 0.36 0.37 

Settlement 0.08 0.08 0.11 0.18 0.05 0.10 

Farm 0.20 0.16 0.22 0.18 0.36 0.22 

Crop 0.13 0.04 0.11 0.09 0.06 0.09 

Bare 0.20 0.32 0.11 0.27 0.18 0.22 

 

3. Weighted sum computation  

Criteria Bush Settlement Farm Crop Bare Weighted sum 

Bush 0.15 0.04 0.10 0.02 0.08 0.39 

Settlement 0.03 0.008 0.03 0.02 0.01 0.09 

Farm 0.07 0.02 0.05 0.02 0.08 0.23 

Crop 0.05 0.004 0.03 0.008 0.01 0.10 

Bare 0.07 0.03 0.03 0.02 0.04 0.20 

 

4. Consistency Ratio(CR) 
Weighted sum Weights Weighted sum/Weights 

0.39 0.37 1.04 

0.09 0.10 0.88 

0.23 0.22 1.04 

0.10 0.09 1.14 

0.20 0.22 0.89 

 Lambda max 1 

Lambda max=Average of (Weighted sum/Weight) 
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Calculating Consistency Index(CI) 
CI=(Lambda max-n)/n-1 n is the number of criteria 

 

Final Consistency Ratio (CR) 

CR=CI/RI 0.023 

 

APPENDIX 5 

Analytical Hierarchy Process (AHP) for Site Suitability Analysis 

Pairwise comparison of the criteria   

Criteria  Slope  LULC  Rainfall Temperature Soil suitability 

Slope  1 0.33 2 4 0.33 

LULC  3 1 3 5 1 

Temp 0.25 0.2 0.33 1 0.2 

Rainfall 0.5 0.33 1 3 0.33 

Soil Suitability 2 1 3 5 1 

Sum 6.75 2.86 9.33 18 2.86 

 

Normalization of the pairwise comparison values 

Criteria  Slope  LULC  Rainfall Temperature Soil Suitability  Weight 

Slope  0.15 0.12 0.21 0.22 0.12 0.16 

LULC  0.44 0.35 0.32 0.28 0.35 0.35 

Temp 0.04 0.07 0.04 0.06 0.07 0.05 

Rainfall 0.07 0.12 0.11 0.17 0.12 0.12 

Soil Suitability  0.30 0.35 0.32 0.28 0.35 0.32 

 

Consistency value and Weighted sum computation 

Criteria  Slope LULC Rainfall Temperature Soil suitability Weighted sum 

Slope  0.02 0.04 0.02 0.01 0.04 0.14 

LULC  0.07 0.12 0.04 0.01 0.11 0.36 

Rainfall 0.01 0.04 0.01 0.01 0.04 0.11 

Temp 0.01 0.02 0.00 0.00 0.02 0.06 

Soil Suitability 0.05 0.12 0.04 0.01 0.11 0.33 

 

 



107 
 

Consistency ration  

Weighted Sum Weight Weighted Sum/Weight 

0.14 0.16 0.85 

0.36 0.35 1.03 

0.11 0.12 0.95 

0.06 0.05 1.12 

0.33 0.32 1.05 

Lambda Max =1; CR=0.022 
 

 

APPENDIX 6 

Maps of Erosion and Deposition Computation 
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Flow Accumulation 
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Sediment flow Topography 

Sediment flow in ‘X’ Direction 
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Sediment flow in ‘Y’ Direction 

Sediment flow Delta ‘X’ 
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Sediment flow Delta ‘Y’ 

Topographic (LS) Factor 


