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the livelihood of future generations (Groot et al. 2012; Kubiszewski et al. 2017). The value 

of numerous ecosystem services in Ethiopia has decreased as a result of LULC change, as 

reported in Munessa-Shashemene landscape between 1986 and 2012 (Kindu et al. 2016), 

Afar region between 1972 and 2007 (Tsegaye et al., 2010) Chillimo forest between 1986 

and 2015 periods (Tolessa et al, 2017) and Andasa watershed between 1985 and 2045 

(Gashaw et al. 2018). 

LULC changes also have an impact on the rate of soil erosion (Yesuph & Dagnew, 2019; 

Moisa, 2021; Bekele et al., 2022) and sediment yield (Haregeweyn et al., 2011; Shi et al., 

2014; Tesema & Leta, 2020). For instance, the expansion of cultivated land and vegetation 

cover losses in the Megech watershed of Ethiopia between 2000 to 2020 (Getu et al. 2022), 

Three Gorge area in Chania between 1995-2005 (Shi et al. 2012) periods increased the rate 

of soil erosion. The conversion of vegetation cover into agriculture and grasslands over large 

areas of the Upper Blue Nile basin has also caused an increase of sediment yield by 147 x 

106 t yr-1 between the years 1993-2009 (Gebremicael et al. 2013). Similarly, Gashaw et al., 

(2018) described the situation in the same basin as the expansion of cultivated land in the 

Andasa watershed contributed to the increased rate of sedimentation problems into the 

downstream part of the watershed. 

1.2 Statement of the Problem 
Land degradation has been becoming one of the most serious environmental problems, 

getting attention from both governments and global researchers. Land degradation involves 

multiple forms of environmental problems, requiring interdisciplinary and multidimensional 

investigation. Reversing land degradation is therefore a prerequisite for sustainable 

development. Due to this reason land degradation neutrality (LDN) was officially launched 

in 2017 as a standard quantitative method for determining degradation states in the 

framework of three sub-indicators viz. land cover, land productivity, and carbon storage 

(Cowie et al. 2018; Gichenje and Godinho 2019; Liniger et al. 2019). For instance, in the 

Shazad watershed, the result of the combination of the three metrics showed that the LDN 

status of the watershed was in a net loss situation between 2000 to 2016 years (Kiani-

Harchegani and Sadeghi 2020). Therefore, the status of land degradation neutrality is 

imperative and such type of study was not conducted in the study Rib River watershed.  
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Ecosystem services are the direct and indirect contributions of ecosystems to human 

wellbeing and survival. Quantifying and analyzing changes in ecosystem service values 

(ESVs) are important tools to raise awareness, and formulate polices. As a result, interest in 

ecosystem service values has evolved rapidly in both the scientific communities and policy. 

The provision of ecosystem services is directly correlated to the situation of ecosystems, 

e.g., land use/land cover (LULC) types, in a given area. The dynamics of LULC can cause 

changes in the values of ecosystem services. As changes in ESVs differ depending on the 

direction, and/or magnitude of the LULC dynamics, most of the available studies were 

location-specific. For instance, Leh et al. (2013) revealed a general decline in ESVs while 

Wang et al. (2015) found the opposite, i.e. an increasing trend. Consequently, generalizing 

the results to other areas might lead to erroneous conclusions.  

The study watershed indicated that the watershed has been experiencing human-induced 

land degradation due to LULC changes. Therefore, understanding the impacts of LULC 

changes on ecosystem service, soil erosion, and sediment export in this watershed is very 

important not only for watershed management planning measures and restoring the degraded 

watershed but also for preventing siltation of the Rib reservoirs. Despite this, in the study 

watershed, there are only a few studies that focused on quantifying the effects of LULC 

changes on soil erosion (Moges & Bhat, 2017; Teshome et al., 2020; Sinshaw et al., 2021) 

and sediment yield (Tsegaye & Bharti, 2021) but no research was done on the value of 

ecosystem services. As a result, investigating the impacts of LULC changes on ecosystem 

services in the study watershed is also indispensable to raising public awareness and 

indicating policy directions regarding the loss/gain in ecosystem services. 

There are considerable scientific challenges in facilitating sustainable development while 

safeguarding natural resource degradation in most parts of Ethiopia highlands. Rapid LULC 

changes are fundamental environmental problems in Ethiopia. Mostly, in the highlands, 

there has been a continuous expansion of cultivation toward naturally vegetated and 

marginal landscapes. Several studies were carried out on the changed in LULC in Ethiopia 

(Tadesse et al., 2017; Guzha et al., 2018; Assfaw, 2020), soil erosion (Amsalu and Mengaw 

2014; Meshesha et al. 2016; Molla and Sisheber 2017) and sediment yield (Degife et al., 

2021; Gashaw, et al., 2021). The study watershed contributes a significant volume of water 
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over the last three decades (Degife et al. 2019; Venter et al. 2022). Changes in land use 

(human purpose or intent applied to biophysical attributes of the earth's surface) and land 

cover (biophysical attributes of the earth's surface) are key forms of human impacts on the 

natural environment driven by multiple interacting factors including demographic, social, 

economic, political, economic, technological and institutional variables (Hassen & Assen, 

2017; Nelson & Geoghegan, 2002). The driving factors thereby LULC change vary in time 

and space depending on the specific human-environment conditions. Land use and land 

cover change is generally a concern due to its pervasive effects on loss of biodiversity, 

resource degradation, and a reduced ability of the landscape to sustain natural resources and 

ecosystem services. 

In the past few decades, significant LULC change has been taking place in the Ethiopia 

highlands above 1500 m.a.s.l. However, the impact of LULC on land degradation neutrality 

was not investigated in detail. Several studies pointed out that deforestation and expansion 

of cultivated land into marginal areas are the principal forms of LULC change in most upland 

areas of the country (Kidane et al., 2019; Negese, 2021). Despite some authors (Zeleke and 

Hurni 2001) are skeptical about 40% forest cover of the Ethiopian landscape in 1900 and 

estimates of forest cover are inconsistent. Several research reports dealing with LULC 

changes and evidence from the local communities affirm widespread deforestation from the 

highlands in search of new cultivated and grazing lands. 

In Ethiopia, numerous studies on LULC changes have been conducted and witnessed the 

massive LULC conversion (Birhanu et al. 2019; Moges and Bhat 2018). These studies 

indicated that the direction, pattern, and magnitude of LULC changes are heterogeneous 

across Ethiopia. For instance, Birhanu et al.(2019) in the Ethiopia highlands; Abebe et al. 

(2021) in the Gubalafito district, Northeastern Ethiopia; Abebe et al. (2021) in Gelda 

catchment, Lake Tana watershed, Ethiopia; Tadesse et al. (2017) in the Yezat Watershed, 

and Mariye et al. (2022) in the Ojoje watershed, reported a considerable expansion of 

cultivated land at the cost of forest, grassland and shrubland. Minta et al. (2018) also reported 

a decline in the forest land, bushland, and grassland, whereas cultivated land and bare lands 

have increased in the Dendi-Jeldu hilly-mountainous areas in the central Ethiopian highlands 

from 1957 to 2014. 
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in land productivity have been proposed as a sub-indicator for the global indicator to monitor 

progress toward achieving SDG target 15.3 for land degradation neutrality (LDN) (Dessie 

& Kleman, 2007; del Barrio et al., 2021). 

Global land productivity monitoring currently relies on multi-temporal evaluations of long-

term remotely sensed vegetation index time series computed from continuous spectral 

measurements of photosynthetic activity. The normalized difference vegetation index 

(NDVI) is the most commonly used vegetation index; other indices have been proposed and 

used for different scales, such as the enhanced vegetation index (EVI), leaf area index (LAI), 

and net primary productivity (NPP) (Sciortino et al., 2020; Xuan & Rao, 2023). These 

indices reflect different vegetation characteristics and have been reported to perform better 

than other indices under specific vegetation conditions (Peng et al. 2017; Yaekob et al. 

2022); however, there is no consensus on the selection of appropriate indicators. 

Retrieving meaningful metrics based on time series vegetation indices is another challenge 

for land degradation assessments owing to observations of highly variable land productivity 

between different years or vegetation growth cycles, even under stable conditions. The Joint 

Research Centre (JRC) developed a land productivity dynamics (LPD) dataset for land 

degradation and improvement assessments, which was adopted by the third edition of the 

World Atlas of Desertification (WAD3) and the UNCCD LDN Target Setting Program 

(Gonzalez-Roglich et al. 2019; Tsymbarovich et al. 2020). This LPD dataset defines five 

classes by combining three metrics, i.e. trends, states, and performance, based on the SPOT 

NDVI from 1999 to 2013. Here, trends reflect the significance of the magnitude and 

persistence of changes in land productivity over time, states compare the current productivity 

levels with the historical productivity levels for the same region, and performance compares 

the local productivity levels with the productivity levels for similar land units at a national 

scale. Although the state and performance metrics provide new important insights into land 

degradation, their effective determination faces many technical challenges. Therefore, the 

LPD class mainly depends on the objective trend metric in a real assessment (Cui and Li 

2022). 
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1.4.2.3 Soil Organic Carbon as Indicator of LDN 

The Ethiopia Highlands of the upper Blue Nile Basin support an extensive population of 

smallholder farmers who strongly rely on natural resources for their livelihood. However, 

the Blue Nile Basin is facing serious challenges of agricultural land degradation and loss of 

natural resources, contributing to low agricultural productivity (Yu and Song 2023), 

emissions of greenhouse gases, carbon dioxide (CO2), and methane (CH4) (Amanuel, 

Yimer, and Karltun 2018). Efforts have been made by different agencies to reduce this 

degradation, but success over the past decades has been limited. One reason for this is the 

lack of understanding of the long-term impacts of land use and management on soil and 

specifically organic carbon (SOC) dynamics. 

Soil quality determines the capacity of the soil within a given ecosystem to sustain biological 

productivity, maintain environmental quality, and promote plant and animal health 

(Amanuel et al., 2018a; Yu & Song, 2023). Soil organic carbon (C)  is one of the most 

important indicators of soil quality because it impacts key soil properties and shows a strong 

response to land use, land-use change, and land degradation (Winkler et al., 2019; Beatriz et 

al., 2020). The dynamics in SOC are reflected in soil fertility, nutrient supply, porosity, and 

erosion (Abegaz et al. 2016; Husein et al. 2019). 

Soils represent an important terrestrial stock of carbon (C), and the SOC of agricultural lands 

comprises the main pool of terrestrial C (Kapovi et al. 2020; Yu and Song 2023). Therefore, 

small proportional changes in the SOC stock can strongly influence greenhouse gas 

concentrations in the atmosphere and have a high impact on global climate change (Cui & 

Li, 2022; Yu & Song, 2023). Soil also has the potential to be a major sink of C and it has 

been estimated that 89% of the greenhouse gas mitigation potential of agriculture relies on 

C sequestration (Feng et al. 2022). 

The stock of SOC is influenced by soil characteristics (for example texture, pH, and drainage 

conditions), environmental factors (for example parent material, climate, vegetation, 

topographic position, and time), and human activities (for example land management and 

land-use change) (Emde et al. 2021; Prout et al. 2022). Soil characteristics and 

environmental factors have a long-term impact on the dynamics of SOC, while human 

activities can have a more immediate impact (X. Liu et al., 1994). Therefore, there is a 
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al., 2014). The ecosystem services include not only provisioning (e.g. food production, raw 

material, and water supply), but also regulating (e.g. climate regulation, water purification, 

and disturbance regulation), supporting (e.g. nutrient cycling, pollination, and soil 

formation) and cultural services (e.g. aesthetic values) (Walter V Reid 2005). Because of 

their significance to society, these ecosystem services as well as their economic values have 

become focuses of interest over the last decade (Adem et al., 2020; Collins et al., 2020) and 

among one of the popular issues in ecological economics. 

The change in LULC can cause changes in the values of ecosystem services (Paula et al., 

2015; Balvanera et al., 2016; Temesgen et al., 2018). It may increase the provision of some 

services while decreasing others that affect the ability of biological systems to support 

human needs, indicating ecological degradation (Braat and Groot 2012), or vice versa. As 

changes in ESVs differ depending on the direction and/or magnitude of the LULC dynamics, 

most of the available studies were location-specific. For instance, Leh et al. (2013) revealed 

a general decline in ESVs while Wang et al. (2015) found the opposite, i.e. an increasing 

trend. Consequently, making direct use of such results in other areas might lead to erroneous 

conclusions. Nevertheless, because of population growth, economic pressure, and urban 

growth, many natural ecosystems are continuously been altered, destroyed, or transformed, 

especially during the last decades (Deng et al., 2019; Dube et al., 2019). Such ecosystem 

degradation threatened a continued supply of ecosystem services, while, at the same time, 

the demand for ecosystem services is increasing with human population growth (Tekle & 

Hedlund, 2000; Fedele et al., 2017). Globally, the Millennium Ecosystem Assessment found 

that over 60% of ecosystem services, such as wood, fresh water, air and water purification, 

and the regulation of local and regional natural hazards are being degraded in an 

unsustainable manner (Walter V Reid 2005). 

One of the most important and quickly developing fields of study in environmental and 

ecological economics is the quantification of ESVs and analysis of their changes after the 

publication of (Costanza et al. 2014), who proposed a list of ecosystem service value 

coefficients of biomes (LULC types) based on the synthesis of past studies and estimates of 

global ESVs. Although the proposed global value coefficients have been criticized because 

of uncertainties (Gandhi et al., 2015; Fedele et al., 2017), many research was done in regions 
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where data are scarce have used them through the benefit transfer method and paved the path 

to the science of ecosystem service valuation (Li et al., 2010; Wang et al., 2015; Lu et al., 

2022). The benefit transfer approach, which is used when there is a lack of site-specific 

valuation information, involves estimating ESVs of other similar locations using existing 

values and other information from the original study site (Paula et al., 2015; Fu et al., 2020). 

The growing body of literature on the valuation of ecosystem services includes studies on 

changes in ESVs (Kreuter et al. 2001), analyses of the effect of spatial scales on the valuation 

of ecosystem services (Hao et al. 2012), land use planning based on ecosystem service 

assessment (Paula et al. 2015), quantifying and mapping of multiple ecosystem service 

changes (Leh et al. 2013), bringing ecosystem services into economic decision making (Fu 

et al. 2020), and assessment of values of ecosystem services in nature reserve (Wang et al. 

2015). Even though there have been many case studies on ESVs, not enough of them have 

focused on how ESVs evolve in response to LULC changes or how to increase the local 

validity of the available coefficients when estimating ESVs. Little attention has also been 

focused on the spatial visualization and mapping results of ESVs and their changes (Groot 

et al., 2012; Jacobs et al., 2016). When estimating and describing the values with statistical 

data, the majority of earlier economic valuations were non-spatial (J. Liu et al., 2007; Hu et 

al., 2008). 

In recent years, remote sensing and GIS technologies were commonly applied in most of the 

studies during the spatially explicit ecosystem service estimation processes. The former 

offers opportunities to generate LULC types for a given area that can be utilized as proxies 

of measurements while the latter is used for estimating and mapping their distributions (Chen 

et al., 2020; Fu et al., 2020). Ecosystems and their services are spatially explicit, and this 

makes GIS very appropriate for the analyses. As primary datasets are costly, or sometimes 

scarce in some regions, secondary data consisting of spatial units, such as LULC classes, are 

also more often used as proxies for estimation (Kreuter et al. 2001; Wang et al. 2015). In 

addition, for the corresponding value coefficients, the Economics of Ecosystems and 

Biodiversity (TEEB) valuation database was also developed, mainly, based on the literature 

of case studies in different parts of the globe (Groot et al., 2012; Fedele et al., 2017). Thus, 

the ecosystem service value coefficients established by Costanza et al. (1997) for 16 biomes 
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were employed in various studies to determine ESV for LULC categories However, this 

model is criticized due to its uncertainties and limited use at the local level. 

1.4.3.1 Ecosystem Service Valuation Model 

The ecosystem service valuation model was established by Costanza et al. (1997) for 16 

biomes, and it was applied in various studies to decide ESV for LULC categories (Kreuter 

et al. 2001; Lu et al. 2022). However, this model is criticized due to its uncertainties and 

limited use at the local level (Braat & Groot, 2012; Wang et al., 2015; Kindu et al., 2016). 

Consequently, the values of ecosystem coefficients have been modified for 11 biomes and 

the modification was carried out based on the previous estimation by Groot et al. (2012) 

through a benefit transfer method, which refers to the process of using existing values and 

other information from the original study site to estimate ESV of other similar location in 

the absence of site-specific valuation method. However, the modified estimates given by 

Groot et al. (2012) are very general and, because of the scale effect, it did not clearly 

represent the context of a certain region. 

Further estimation of global ecosystems was carried out by Groot et al. (2012) and Costanza 

et al. (2014). However, their estimates were also criticized because it overestimated some 

ecosystem services (Tolessa et al. 2016), and by any means, it did not actually represent a 

particular region. As a result, modifications of the ecosystem coefficients to a particular 

country were done. Previously, a modification was made in China using expert knowledge-

based valuation methods (Ling-xing et al. 2019). Similarly, more conservative estimation 

coefficients for Ethiopia were developed by Kindu et al. (2016) for 11 biomes using expert 

knowledge of the study landscape conditions and other studies, mainly from the Economics 

of Ecosystems and Biodiversity (TEEB) valuation database (Costanza et al. 1997; Groot et 

al. 2012). 

1.4.4 Soil Loss and Sediment Export 

1.4.4.1 Soil Loss 

Soil erosion is a two-phase process, which is the detachment of individual soil particles from 

the soil mass and their transport by erosive agents (Renard et al. 1991). In the majority of 

the world, it is a serious environmental issue (Uddin et al., 2018; Shaikh & Palanisamy, 

2020). Nearly 2 billion hectares of land worldwide, or about one-third of agricultural soils, 
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were damaged by soil degradation, with water and wind erosion causing 56% and 28%, 

respectively, of this harm (Shaikh and Palanisamy 2020). Only 10% of the world's 

agricultural area is estimated to be experiencing little erosion, whereas 80% of agricultural 

land worldwide experiences moderate to severe erosion (Zolotov et al. 2020). Soil erosion 

causes the loss of 10 million hectares of agriculture worldwide each year (Uddin et al. 2018). 

With increasing human population numbers, this figure is expected to be much higher today. 

In Africa, Asia, and Latin America, where the majority of the population is dependent on 

agriculture (Haregeweyn, et al., 2017; Hurni, 2020), soil erosion is a severe challenge for 

food production and the problem will continue to persist in the 21st century. Comparatively, 

Africa is more seriously influenced by soil erosion than Asia and Latin America, and of the 

one billion people affected globally, about 50% are found in Africa (Hall and Foster 2000; 

Nwaogu et al. 2018). 

Ethiopia, like many of the highland mountainous countries such as Haiti, suffers from severe 

soil erosion ( Haregeweyn et al., 2008; Aneseyee, et al., 2020). The previous estimate stated 

that Ethiopia's average annual soil erosion rate was 18 t ha-1 yr-1 (Hurni 1985). The problem 

is more serious in the highlands (Moges & Bhat, 2017; Yesuph & Dagnew, 2019), where 

steep topography, rapid deforestation, and early settlements were existent (Hurni 1983). 

Various studies report quite inconsistent figures about the rate of erosion in the highlands. 

For instance, (Hurni 1985) reported a soil erosion rate of 16-300 t ha-1 yr-1 in cultivated fields 

while (Zeleke and Hurni 2001) reported 130-170 t ha-1 yr-1 in a similar land use in the 

northwestern highlands of Ethiopia. The average rate of erosion from cultivated fields has 

been also reported 42 t ha-1 yr-1 (Hurni 2020).  

The earlier estimate for the highlands of Ethiopia put the average rate of soil erosion at 35 t 

ha-1 yr-1 (Nyssen et al. 2009). However, recent studies by Bewket & Teferi, (2009) in the 

Chemoga watershed; Kebede, (2014) in the Chaleleka wetland watershed; Sewnet (2016) in 

the Koga watershed; Moges and Bhat (2017) found that the erosion rate above 35 t ha-1 yr-1 

in the respective study sites. The reported figures are way beyond the tolerable soil loss 

(TSL) rate that influences the economic and high level of production (Freimund and Renard 

1994; Witchmeier w m and Smith 1978). In terms of total soil loss, earlier assessments 

reported the annual loss of about 1.9 to 3.5 billion tons of topsoil from the highlands and as 
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lost in a particular area of land (Shaikh and Palanisamy 2020). In general, the models fall 

into three main categories such as conceptual, empirical, and physically based models. 

Conceptual models lie somewhere between empirical and physically based models and aim 

to reflect the physical processes governing the system but describe them with empirical 

relationships (Hall and Foster 2000). Conceptual models tend to include a general 

description of catchment processes, without including the specific details occurring in the 

complex process interactions. Because parameter values are determined through data, 

conceptual models have limitations associated with the identification of the parameter values 

(Saavedra 2005). 

Physically based models are based on the application of the physics of the erosion and 

sediment transport processes (Safari et al., 2021). In principle, they can be applied outside 

the range of conditions used for assessing and they can be measured directly and without the 

need for long hydro meteorological records (Saavedra 2005).  A physically based model 

includes the Morgan-Morgan and Finney, Water Erosion Prediction Project and the Soil and 

Water Assessment Tool. 

Empirical models are generally the simplest of the three model types. They are based 

primarily on defining important factors through field observation, measurement, 

experimentation, and statistical techniques relating erosion factors to soil loss (Landi et al. 

2011). The computational and data requirements for such models are usually less than for 

conceptual and physically based models (Lu et al. 2022). They are particularly useful as a 

first step in identifying the sources of sediments. The Universal Soil Loss Equation (USLE) 

and its revised version RUSLE are two of the empirical models that have been most widely 

used and generally accepted by the natural resources community because they are relatively 

easy to use (Saavedra 2005). In this study, RUSLE was applied over other methods because 

the model was revised in Ethiopia condition. 

 1.4.4.3 Revised Universal Soil Loss Equation 

The Revised Soil Loss Equation (RUSLE) model (Renard et al., 1991; Freimund & Renard, 

1994) is often used to estimate soil erosion rate. RUSLE is an extension of the Universal 

Soil Loss Equation (USLE) model by adapting the input parameters to the local conditions 

(Renard 1996). Because of its clear and relatively simple computational inputs, RUSLE has 
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been commonly applied in Ethiopia (Haregeweyn et al., 2015; Tolosa, 2018;  Bekele et al., 

2022) and elsewhere in the world (Shi et al., 2012; Hateffard et al., 2021). RUSLE (Freimund 

and Renard 1994) and its predecessor USLE (Witchmeier w m and Smith 1978) estimate 

mean annual soil loss (A) from sheet and rill erosion as a function of five factors . 

1.4.4.4 The Use of Remote Sensing and GIS in Soil Loss Modelling 

Several studies showed the potential utility of Remote Sensing (RS) and Geographic 

Information System (GIS) techniques for quantitatively assessing erosional soil loss (Jiru 

2019). The advancements in RS and GIS technologies provide effective means in the 

modeling of soil erosion. Soil erosion is a spatial phenomenon, (Hazarika and Honda 2001; 

Zeghmar, et al; 2022). The potential utility of remotely sensed data in the form of aerial 

photographs and satellite sensors data is well recognized in mapping and assessing landscape 

attributes controlling soil erosion, such as physiography, soils, land-use/land cover, relief, 

soil erosion pattern (Seutloali, Dube, and Sibanda 2018). In a GIS environment, it is possible 

to link data generated from remote sensing with their spatial locations. 

In general, the use of geo-information techniques offers fast and cost-effective estimates, 

possibilities to investigate larger areas, greater possibilities of continuous monitoring of 

these areas, and possibilities to refine the soil erosion model depending on the required 

output scale, i.e. rough global to more precise local scale. According to Ghosh et al., (2023), 

the use of digital elevation models and GIS offers possibilities to estimate topographical 

parameters that are useful in soil erosion modeling. 

The basic fundamentals in remote sensing are the properties of electromagnetic radiation 

and their interaction with substances. Remote sensing has opened a new era in the planning 

and development of watershed management, as satellite imagery provides a fast and 

economic way to analyze large watersheds by their synoptic and repetitive coverage (Sanogo 

et al. 2023; Zeghmar et al. 2022). Thus, by using multispectral data, different ground features 

can be differentiated from each other and a thematic map depicting land use/land cover can 

be prepared. Satellite imagery has been well utilized in different studies for watershed 

characterization and management aims and to measure qualitative and quantitative terrestrial 

land-cover changes in a watershed (Jiru 2019).   For soil erosion assessments in a watershed, 

RS has been used for both detecting erosion features and obtaining erosion model input data. 
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Remote Sensing can facilitate studying factors enhancing the processes, such as soil type, 

slope gradient, drainage, geology, and land cover. Multi-temporal satellite images provide 

valuable information related to seasonal land use dynamics. Digital Elevation Model (DEM) 

is one of the vital inputs required for soil erosion modeling that can be created by analysis 

of stereoscopic optical and microwave remote sensing data (Abebe et al. 2021; Adem et al. 

2020).    

1.4.4.5 Sediment Export 

The amount of eroded material that is transferred from a plot, field, channel, or watershed is 

referred to as sediment export (Vigiak et al. 2012). Hence, soil erosion is the main source of 

sediment export, and there is no sediment export to any given point or a stream channel 

unless soil erosion has been taking place (Melaku et al., 2018; Collins et al., 2020; Yaekob 

et al., 2022). Despite this, none of the soil erosion that took place in the higher slope areas 

resulted in a downstream point for the sediment yield. This is because when the erosive agent 

has no sufficient energy to transport the eroded soil particles, some of them are deposited in 

the meantime before reaching the downstream point (Collins et al. 2020). Sedimentation, the 

deposition of sediment particles after separating from their origin (Owens, Petticrew, and 

van der Perk 2010), reduces the storage capacity of reservoirs (dams) and lakes. Therefore, 

Indicators of a higher soil erosion rate in the upland areas include higher sediment output 

and, ultimately, sedimentation of reservoirs and lakes (Tadesse et al., 2017a; Kulimushi et 

al., 2021).  

Hence, it is clear that sediment yield is dependent on soil erosion, and sedimentation is 

determined by sediment yield (Ayalew & Bharti, 2022). The sediment yield is the sediment 

load at the last point of the slope length, in the channels, at the outlet or sediment basins. It 

is the sediment load normalized for the drainage area and is the net result of erosion and 

deposition processes within a watershed. Sediment yield is typically unavailable as a direct 

measurement in a watershed lacking adequately recorded sediment data. The accurate 

estimation of SDR coupling with spatial soil loss is an important and effective approach to 

predicting sediment yield. In different parts of Ethiopia high land, sediment yield is 

computed by superimposing the soil loss and SDR layers of the watershed (Ayele et al., 

2021; Roba et al., 2021). 
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In the highlands of Ethiopia, equally worrisome to the soil loss is the annual sediment load 

from agricultural landscapes (Amsalu & Mengaw, 2014). Because of a large number of 

sediment loads from the upland areas, the water quality and storage capacity of natural lakes 

in the country have reduced drastically (Assfaw, 2020; Tesema & Leta, 2020). Nowadays, 

even though Lake Alemaya in the eastern highlands rehabilitated, it was already dried out 

due to uncontrolled erosion and sedimentation from the surrounding agricultural landscapes 

(Zewdu, 2012; Senti et al., 2014) . Other Lakes such as Abijata in Central Rift Valley region 

may dry out in the near future (Meshesha et al., 2012). Besides, a large amount of sediment 

loads from un-managed uplands has threatened water supply and power generation 

reservoirs in the country. Good examples of affected power generation reservoirs are Koka, 

Gilgel Gibe I, Aba Samuel, MelkaWakena; and water supply reservoirs are Angereb, 

Legedadi, Borkena and Adrako as well as several irrigation reservoirs in the northern 

highlands (Kebede, 2014). Similarly, in the East African region, the Sinnar, the Rosieres and 

the Khashm el Girba reservoirs in Sudan (Shahin, 1993; Mekuriaw, 2017) and the High 

Aswan reservoir in Egypt have lost substantial proportions of their planned storage 

capacities due to sedimentation (Shahin 1993). 

1.4.4.6 InVEST Model 

The InVEST sediment delivery model provides insight into how variations in LULC patterns 

affect the annual sediment output by estimating the relative contributions of sediment from 

each parcel of a landscape in a spatially explicit manner. It helps the integrated study of soil 

loss, and sediment export, in a given watershed as it is capable of determining the sediment 

pathways from hill slopes to water bodies. This is important to examine possible downstream 

impacts of the amount of sedimentation (Bouguerra and Jebari 2017; Zhou et al. 2019).  

Although much research on SLSE has been conducted on a worldwide scale, the majority of 

them have concentrated on the use of refined tools and well-qualified experts in a data-rich 

atmosphere (Kulimushi et al. 2021; Xie et al. 2021). Such methods are less applied in 

developing nations, such as Ethiopia, where data is few and experienced specialists are 

scarce (Haregeweyn et al., 2012). The Revised Universal Soil Loss Equation (RUSLE) 

model is commonly used in Ethiopia to evaluate the sum of soil loss (Hurni 1985). However, 

the model is unable to estimate the sediment export of a given watershed. The RUSLE's 
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limitations are addressed by the InVEST model, which allows for combined assessments of 

SLSE by characterizing a given watershed (Nelson et al., 2014). As a result, the InVEST 

model was used to take advantage of the model's thorough accurate estimation of SLSE at 

the Rib watershed in Upper Blue Nile Basin, Ethiopia. 

Despite the limitations, the model still now provides an important assessment of how 

landscape scenarios may affect the annual delivery of sediment export. Besides, compared 

to other sophisticated and data-intensive models, the InVEST model was preferred due to its 

requirement of fewer input parameters, availability of the required input spatial data, and 

compatibility with various GIS data. Most importantly, the model uses the RUSLE and some 

of the input parameters of the RUSLE equation were calibrated for the Ethiopian context 

(Hurni 1985) which can readily be used in the model.  

1.5 Conceptual Framework of the Study 

A conceptual framework is a set of concepts that are used to guide the flow of research work 

and helps researchers to understand the relationships between different variables (dependent 

and independent) to answer a research question (Scholastica 2021). The LDN status in the 

study Rib Watershed was examined in the study area. Accordingly, the LUC, NPP, and SOC 

indicators (Independent variables) were used to examine the status of LDN (dependent 

variable). 

The conceptual scientific framework developed by Cowie et al., (2018) was applied to 

evaluate the status of LDN in the study watershed. In this framework, the evaluation of land 

degradation uses the "one out all out (1OAO)" approach to integrate the three indicators, 

where the degradation of any indication results in the degradation of LDN status. According 

to this framework, if any of the three indicators displays considerable negative change, it is 

considered as degradation. Conversely, it is deemed an improvement of the land condition 

if at least one indicator shows a significant positive change and none shows a significant 

negative change.  

In this study, ESVs value of the study watershed was quantified between 2000, 2010, and 

2020 years concerning LULC using the modified ecosystem value coefficient. Therefore 

ESV is determined by LULC. This indicated that ESV is a dependent variable whereas 

LULC is an independent variable. Soil loss and sediment export were calculated in the study 
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land use land cover change on the estimation of soil loss and sediment export at the Rib 

River watershed,North West Ethiopia. Chapter Five consists of evaluation of land use land 

cover change and shifting index in Rib River watershed of,North weast Ethiiopa. The last 

chapter (Chapter Six) concludes and Recommends by considering the major findings of the 

study. 

1.10 Definition of Terms 
Baseline The initial estimated value of each of the indicators used to 

monitor progress in the achievement of LDN for each land 

type. 

Ecosystem services       the benefits that people obtain from ecosystems. 

Land cover class                 a category of land cover differentiated by a combination of    

diagnostic attributes based on a nationally refined application 

of an International standard such as the FAO Land Cover 

Classification System. 

Land degradation the deterioration or loss of the productive capacity of the soils 

for the present and future.  

Land degradation neutrality    A state whereby the amount and quality of land resources  

necessary to support ecosystem functions and services and 

enhance food security to remain stable or increase within 

specified temporal and spatial scales and ecosystems. 

Land improvement  any type of alteration to the land to make it more usable. 

Metrics of LDN               Metrics are variables that reflect a process of interest.  

Net primary product the amount of biomass or carbon produced by primary 

producers per unit area and time. 

One-out, all-out                 a conservative approach that combines different 

indicators/metrics to assess the status of land degradation 

neutrality. 

Soil loss Soil relocated on or removed from a given site by the forces 

of erosion and the redeposit of the soil at another site on land 

and measured by ton per hectare per year. 
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Soil erosion the gradual process that occurs when the impact of water or 

wind detaches and removes soil particles, causing the soil to 

deteriorate. 

Sediment export the amount of onsite sediment source actually reaching the 

catchment outlet. 

Soil organic carbon  a measurable component of soil organic matter. 

Watershed An area or ridge of land that separates waters flowing to 

different rivers.  
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CHAPTER TWO 

2. Examining the Land Degradation Neutrality (LDN) Status of Rib   

    River Watershed, North West, Ethiopia. 
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Abstract 
Land degradation because of the overutilization of natural resources is a suitable strategy for many 

countries of the world. This crucial strategy hasn’t been introduced or implemented widely enough. 

The present study intended to examine the status of Land Degradation Neutrality (LDN) for the study 

Rib Watershed which covers an area of 1585 km2 and is situated in the Upper Blue Nile Basin, 

Ethiopia. For the past two periods between 2000 and 2020, three indicators, such as Land Cover/Use 

Changes (LULC), Soil Organic Carbon (SOC), and Net Primary Productivity (NPP) metrics were 

primarily used to assess the LDN status of the study site. A total of 80 soil sample were then collected 

from the top 15 cm for six different types of LULC, including cultivated land, forest land, shrub lands, 

grassland, settlement, and water body. Consequently, Land uses land cover matrices, NPP metric, 

and SOC metrics were also obtained using Landsat images, soil samples, and MODIS satellite 

images respectively for three periods of 2000, 2010, and 2020. Lastly, by integrating the three 

indicators and using one out all out framework, the status of LDN in the study area was evaluated. 

The combined findings of the study measurements showed that there was a net loss in cultivated land 

(123,977 ha), forest land (5623 ha), shrub lands (13984 ha), grassland (11,999 ha), water body 

(1056 ha) and settlement (1993 ha) for the past two decades (2000 to 2020). For the past two decades 

LDN status of the Rib Watershed was generally in a net loss condition. The information delivered by 

the three sub-indicators is important for experts for the good recognition of their spatial distribution 

and types of land degradation to attain the LDN targets.  

 

 

 

Keywords: Land Degradation Neutrality, Land use/cover, Net primary product, Soil organic 

carbon 

 

 

 



 

31 
 

2.1 Introduction 
Land degradation (LD) is a serious environmental problematic issue that harmfully affects 

ecosystem services, biodiversity, and the lives of millions of people in the world by 

promoting poverty and migration (Gashu and Muchie 2018; Meseret 2016; Susilowati and 

Syekhfani 2015). LD can indicate the decline of biological or economic productivity in rain-

fed farmland (Reith et al. 2021; Susilowati and Syekhfani 2015). However, due to the 

complexity and variety of the biophysical and socioeconomic factors that affect land 

resources, it is challenging to identify this phenomenon (Lu et al. 2022; Meseret 2016). By 

integrating information about ecosystems and the mechanisms that produce degradation, 

numerous research has evaluated the phenomenon of LD at the international as well as 

national levels. Due to the complexity, variety, and quantity of indicators employed in the 

research carried out during the past 30 years, the evidence is not similar throughout regions 

(Gashu and Muchie 2018; Lu et al. 2022). However, data was scarce, and the cost of 

repeatability and implementation of techniques makes them rarely practical at more local 

and regional scales (Adnan 2020; del Barrio et al. 2021; Malav et al. 2022). 

The Sustainable Development Goal (SDG), goal 15 article 3 (15.3), includes the idea of 

"Land Degradation Neutrality" (LDN), which was recently presented by the UN General 

Assembly as a creative way to address land degradation (LD). LDN is a state that refers to 

the amount and quality of land resources needed to preserve ecosystem services and 

functions and improve food security within specific temporal and spatial scales. Therefore, 

land degradation needs to be avoided, controlled, and reversed in order to return land 

resources to a healthy, productive state with no net loss. 

The LDN can be assessed by using a methodological and conceptual scientific framework 

accompanied by the Convention to Combat Desertification (UNCCD) (Gonzalez-Roglich et 

al. 2019; Liniger et al. 2019). In this framework, using the "one out of all out (1OAO)" 

approach, the three indicators, such as Land Cover (LC), Land Productivity Dynamics 

(LPD), and Soil Organic Carbon (SOC) are combined in the assessment of LD. However, 

the decline of any indicator corresponds to the degradation of LDN. The choice of indicators 

provides a foundation for assessing the current state of the land, understanding changes and 

trends through time, monitoring the rate of degradation, and calculating the proportion of 
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Figure 2.1 Map of the study area 

According to projected Central Statistical Authority (Central Statistical Agency 2014), 

878,261 people are living within the watershed, with 89.7% of them living in rural regions 

and relying primarily on agriculture. According to (Anley et al. 2022), the land use land 

cover of the watershed consists of Agriculture (123,977 ha), Forest land (5623 ha), Shrub 

land (13984), Grassland (11,999 ha), and waterbody (1056 ha). Among those land use, 

agriculture is the primary economic activity in the study area and is used as the source of 

livelihood for the rural community. On one side, a variety of agricultural products are grown, 

and on the other, animals are reared for both market and domestic consumption in the study 

watershed. Rainfall is a major factor in crop productivity; it mostly falls between June and 

September. As a result, farming can only be done during the remaining months of dry 

weather, which is uncommon in the watershed. However, only a small portion of the farming 

community employs irrigation to harvest maize and onions. The community in the study 

watershed depends largely on the rearing of cattle for their survival. Four types of soils 

derived from weathering of basaltic rocks were known in the study area, including Luvisols 

(34%), Leptosols (28%), Vertisols (23%), and Regosols (15%) (Ayalew and Bharti 2022).  
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After the baseline data was prepared, change detection for each sub-indicator was done to 

identify the area subject to change and mostly where the change in two or three indicators 

overlap spatially. Lastly, the methodological and conceptual scientific framework conducted 

by (Cowie et al. 2018) was applied to evaluate the status of LDN in the study watershed. In 

this framework, the evaluation of LD uses the "one out all out (1OAO)" approach to integrate 

the three indicators, where the degradation of any indication results in the degradation of 

LDN (Fig 2). According to this framework, if any of the three indicators displays 

considerable negative change, it is considered as degradation. Conversely, it is deemed an 

improvement of the land condition if at least one indicator shows a significant positive 

change and none shows a significant negative change. The change of each sub-indicator of 

LDN between years was calculated using analysis of variance in SPSS software version 23.  

2.2.2.1 Land Use/Land Cover  

The term "land cover" describes the (bio) physical cover that can be seen on the earth's 

surface (Egarter Vigl et al. 2017; Karki et al. 2018; Tolessa et al. 2017; Willemen et al. 

2018). One of the most frequently used markers for influences on ecosystems caused by 

humans or by the environment is land cover (Arunyawat and Shrestha 2016; Meshesha et al. 

2014). This indicator of LDN can detect the change in time series and may show degradation 

or the improvement (Recovery) of the land condition in a certain geographical territory. 

Time-series multispectral Landsat imagery taken in three different years (2000, 2010, and 

2020) were utilized in the study area to set the baseline land cover and identify land cover 

changes (Table 2.1). The images were kindly downloaded from the United States Geological 

Survey (USGS) (https://www.usgs.gov). The raw images were free from clouds because they 

were taken during the drier season. Therefore, all satellite images were taken in February 

with less cloud cover.  

By utilizing the fundamental image preparation techniques, satellite image data were 

prepared and processed using the ERDAS IMAGINE 14 software. Pre-processing methods 

for the satellite images included color composite, layer stacking, and sub-setting were done. 

To increase image quality, Landsat images were then rectified geometrically and 

radiometrically. Finally, a projection to the Universal Transverse Mercator (UTM) was 

applied. The satellite image from the years 2000, 2010, and 2020 were classified using the 
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determine the degree of accuracy error, the overall accuracy and Kappa statistics were 

analyzed. Lastly, the area in hectares was calculated. LULC is one of the indicators of LDN. 

The change of each LULC has its contribution to determining the status of LDN in the study 

Rib watershed. According to (Orr, 2017), the expansion of agricultural land and settlement, 

along with the loss of natural and semi-natural land cover types (forest, shrubs, grasslands, 

and waterbodies), indicated that the degradation (loss) of the land condition, and the inverse 

is true for the improvement (gain) of the land. Hence this standard was applied to examine 

the impact of LULC on the status of LDN in the study area.  

2.2.2.2 Net primary Productivity (NPP)  

The difference between total photosynthesis and total plant respiration in an ecosystem is 

also known as land productivity. It is a measure of above-ground net primary productivity 

(NPP) and is considered as the total amount of new organic matter produced over a certain 

period (De La Fuente et al. 2020). Tones of dry matter per hectare per year are used to 

measure NPP (t DM/ha/year). Primary productivity of plants indicates the distinct change 

over varied temporal scales; daily variability because of the position of the sun, intra-annual 

variability because of seasonal effects, and inter-annual variability because of dynamics in 

land use(Liu et al. 2022; Xuan and Rao 2023). Therefore, the land productivity of the study 

watershed was disaggregated by type of land cover. The spatial and temporal resolution of 

remote sensing data may give ongoing and synoptic information to determine the influence 

of natural and human stresses on the status and trends of the land's productive potential (Cui 

and Li 2022; De La Fuente et al. 2020). 

In the Rib Watershed, the NPP distribution was examined in six LULC classes, including 

cultivated land, grazing land, forest, shrub land, waterbodies, and settlement, within the node 

years of 2000, 2010, and 2020. The NPP estimation image at the watershed level was 

downloaded from the USGS with 30m spatial resolution. Finally, Arc GIS 10.3 software was 

used to extract the NPP of each land cover type and SPSS 23 software was used to check 

whether there is a significant difference or not between the years of each LULC class. 

2.2.2.3 Soil Organic Carbon 

The residual plant and animal matter that bacteria produce and decomposes in response to 

environmental factors including temperature, moisture, and soil conditions is what makes up 
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soil organic carbon (Abegaz et al. 2016; Amanuel, et al. 2018). Depending on natural factors 

(temperature, soil parent material, land cover and/or vegetation, and topography), as well as 

human-induced factors (land use, management and degradation), the annual rate of loss of 

organic matter can vary significantly. Soil organic carbon (SOC) is the largest carbon pool 

on Earth's surface, and it plays an important role in global carbon cycling. In fact, the SOC 

pool is 3-fold larger than the atmospheric pool and 4.0-fold larger than the biotic pool 

(Amanuel et al., 2018a; Yu & Song, 2023). SOC is an important indicator of soil quality and 

can improve the soil aggregate content and increase soil porosity and water holding capacity. 

Moreover, SOC is one of the sub indicator of land degradation neutrality. Therefore, 

Understanding the spatial patterns and change of SOC is essential for the achievement of 

land degradation neutrality.  

The soil samples were collected in late January and February 2020. Accordingly, 80 soil 

samples were ultimately taken from the entire watershed (Table 2.2) considering the 

proportion of six different land cover types (i.e. grazing land, cultivated land, shrub land, 

forest land, waterbody, and settlement). The sample sites were properly located using a 

global positioning system (GPS). Each sample of soil was taken by inserting a core sampler 

for bulk density and an auger for carbon up to a depth of 15 cm.  

 Table 2.2 Soils Samples from the Rib River watershed. 

Sampled site Soil organic 

carbon 

Bulk 

density 

Total Functions 

Stable LULC Type 20 20 40 Represent the baseline data (2000) 

Changed LULC type 20 20 40 Represent the target year data (2020) 

Total 40 40 80  

Two types of soil samples were collected in the field (Table 2.3 & 2.4). From the first groups, 

twenty soil samples for bulk density and another twenty soil samples for organic carbon 

were collected from the types of land cover which was unchanged (stable) for the past two 

decades. These types of soil sample represent the baseline carbon stock data for the year 

2000. 
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Table 2.3 Soil organic carbon result for the year 2000. 

      ID LULC_2000   X    Y 

Bulk density 

g/cm3 

SOC 

in % 

             

t/c/ha 

1 Cultivated land 37.85 12.07 1.72 2.91 75.15 

2 Cultivated land 37.64 12.03 1.78 2.78 74.32 

3 Cultivated land 37.59 12.03 1.81 2.73 74.32 

4 Cultivated land 37.83 12.21 1.75 2.81 73.98 

5 Cultivated land 37.79 12.22 1.70 2.94 75.13 

6 Grass land 37.79 12.03 1.63 4.59 112.31 

7 Grass land 37.64 12.01 1.65 4.42 109.64 

8 Grass land 37.89 12.03 1.61 4.61 111.52 

9 Grass land 38.23 11.72 1.69 4.32 109.68 

10 Forest 38.17 11.79 1.13 8.93 151.4 

11 Forest 37.91 12.15 1.19 8.22 146.87 

12 Forest 37.61 12.00 1.21 8.25 149.9 

13 Forest 37.97 12.13 1.15 8.92 154.03 

14 Settlement 38.01 11.86 1.47 4.53 100.10 

15 Settlement 37.71 12.00 1.45 4.66 101.45 

16 Settlement 38.13 11.79 1.42 4.59 97.84 

17 Shrub land 37.87 12.09 1.36 5.89 120.3 

18 Shrub land 37.69 12.11 1.32 6.23 123.48 

19 Shrub land 37.81 12.19 1.35 5.70 115.49 

20 Shrub land 38.23 11.72 1.31 6.10 120.02 

 From the second group, twenty soil samples for bulk density and twenty soil samples for 

organic carbon were collected from the types of land cover which were changed to other 

land use for the last two decades. This soil sample represents the soil carbon stock of the 

target year (2020). The soils were immediately placed in polythene bags to maintain their 

field moisture and then taken to the Amhara agriculture center soil laboratory. The samples 

were dry in an oven to calculate the bulk density (BD) using the cold method. The Walkley 

and Black method was finally used to compute the percentage of SOC.  
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Table 2.4 Soil organic carbon result for the year 2020. 

       I.D Changed  LULC 

 

     X     Y 

Bulk density 

g/cm3 

SOC 

in %       t/c/ha 

     From To      

1 Agriculture  Settlement 37.94 12.03 1.62 3.01 73.35 

2 Agriculture  Forest 37.96 11.96 1.38 4.53 93.77 

3 Agriculture Settlement 38.23 11.71 1.53 3.63 83.30 

4 Agriculture Forest 37.79 12.22 1.49 3.75 83.81 

5 Grass land Cultivated 37.88 12.03 1.72 3.39 87.46 

6 Grass land   Settlement 37.63 12.00 1.53 4.89 112.4 

7 Grass land Cultivated 37.83 12.21 1.68 3.56 89.71 

8 Grass land Settlement 37.61 12.00 1.52 4.92 112.38 

9 Forest  Settlement 37.88 12.03 1.33 7.49 149.5 

10 Forest Cultivated 37.96 12.13 1.46 3.31 72.64 

11 Forest  Shrub  37.62 12.02 1.25 8.14 152.63 

12 Forest Shrub 37.67 12.10 1.28 7.67 147.36 

13 Forest   Grass  38.1 12.06 1.34 5.65 113.7 

14 Forest   Cultivated 38.11 12.04 1.40 3.12 65.63 

15 Shrub land  Cultivated 37.85 12.16 1.51 2.97 67.37 

16 Shrub land  Settlement 37.81 12.21 1.37 5.51 113.35 

17 Shrub land Cultivated 38.02 11.87 1.52 2.82 64.48 

18 Shrub land Grass 38.06 11.87 1.48 5.28 117.36 

19 Shrub land Grass 38.10 11.92 1.42 5.14 109.62 

20 Waterbody   Cultivated 37.09 12.08 1.71 2.79 71.62 

Finally, SOC maps for the years 2000 and 2020 were developed for the Rib River watershed 

using the IDW method of interpolation in ArcGIS 10.3 software. Information on the grids 

was individually extracted to form SOC map in the years 2000 and 2020 for each land cover 

type in the study site. In the next step, SOC amounts for the years 2000 and 2020 were 

computed using Eqs. (2.1) and (2.2). Lastly, a proper database was ready for SOC in Excel 

and the crucial statistical analyses were made in SPSS software packages. Using the 

following equation, the SOC density for each sampling site (SOCD in t C ha-1) was 

calculated (Husein et al., 2019). 
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Table 2.5 The accuracy assessment report. 

LULC class                   2000            2010             2020 

 User 

accuracy              

Producer 

accuracy                         

User 

accuracy              

Producer 

accuracy                         

User 

accuracy              

Producer 

accuracy                         

Cultivated land 78.3                  80 83.4 83.2 87.2 85.1 

Forest 82.1 81.3 83.3 84.7 85.5 85.6 

Shrubland 81.4                  82.8 82.4                 83.6                   83.1 84.9 

Grassland 78.9                  78.6 81.2                 82.5                   84.7 83.4 

Waterbody 80.1                  79.3 83.3                 79.6                   85.6 86.6 

Settlement 79.8                  79.5 81.9                 80.6                   83.9 84.7 

Overall 
accuracy 

80.1  82.7  84.8  

Kappa 
coefficient 

0.78  0.80   0.82  

Statistically, cultivated land has increased by 23% in the last two decades. Whereas forest 

land decreased by 8.9% from (2000 to 2010), 41% (2010 to 2020), and 46.5% (2000 to 

2020). Shrub land decreased by 27.1% from 2000 to 2010 and 24% from 2010 to 2020. The 

total reduction of shrubs was 44.5% from 2000 to 2020. Grassland decreased by 20%, 27%, 

and 41.5% from 2000 to 2010, 2010 to 2020, and 2000 to 2020 respectively. Waterbody 

decreases considerably between 2000 to 2010 but showed an incredible expansion between 

2010 and 2020 (Table 2.6, Figure 2.3). The expansion in the waterbody is probably caused 

by the building of the Rib irrigation dam. According to Cowie et al., (2018), natural and 

semi-natural land cover types (forest, shrubs, grasslands, waterbody) change to agricultural 

land and settlement, indicate the degradation of the land condition and the inverse is true for 

the improvement (Recovery) of the land. Hence this standard was applied to this study.   

Table 2.6 The LULC map of Rib River watershed for the years 2000, 2010 and 2020.  

LULC Class  Areal 
extent 
(ha) 

  change 
between 
years in ha 

 The status of 
metrics 

between 2000 and 
2020 
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