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MODELLING THE EFFECT OF LAND USE LAND COVER CHANGES ON SOIL EROSION AND SEDIMENT YIELD IN MAYBAR WATERSHED NORTHEAST ETHIOPIA
BY: - YEMIYAMIR MARIYE ARAGAW Advisor: - LEWOYE TSEGAYE (Ass. prof)
ABSTRACT
The effects of (LULC) change on soil erosion and sediment yield is getting global attention. Soil erosion is one of the critical environmental problems worldwide with high severity in developing countries. Understanding the effects of LULC changes on soil erosion and sediment yield is not only to identify challenges and targeting interventions but also for watershed management planning. This study investigated the effects of LULC changes on soil erosion and sediment yield in the maybar watershed during the 1990- 2020 periods. The hybrid land use classification technique for classifying time series Land sat images (1990, 2000, 2010 and 2020) were used. The land use types in the study area were categorized into five cultivated, dense forest, grazing, open forest and settlement. The InVEST SDR model for estimating the rate of soil erosion and sediment yield were employed in the study. The results showed that in the past three decades, dense forest and settlement areas increased with 23ha, 29.31ha, 42.65ha, 45.44ha and 15ha, 21.36ha, 22.4ha, 24ha in the study period of 1990, 2000, 2010 and 2020 respectively. While areas occupied by grazing land and open forest land decreases from 12ha, 6.4ha, 3ha, 2ha and 36.6ha, 32ha, 24ha, 19.2ha in the study period of 1990, 2000, 2010 and 2020 respectively. On the other hand cultivated land decreased 29.67ha, 27.2ha, 24.22ha in the study period of 1990, 2000 and 2010 respectively but increased 25.63ha in 2020 study period. The LULC changes have also decrease the annual mean soil erosion rate from 28.9t/ ha/year in 1990 25.12 t/ha /year in 2000 and 21.06 t/ha/year in 2010 and increase in the year of 2020 to 26.16 t/ha/year. The sediment yield is also decrease from 6.4t/ ha/year in 1990, 4.8 t/ha/year in 2000 and 3.6 t/ha/year in 2010 and increase in the year of 2020 to 5.07 t/ha/year. Information on soil loss and sediment export is essential to conservation interventions in a given watershed.
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[bookmark: _Toc151908073]1. INTRODUCTION
[bookmark: _Toc151908074]1.1. Background 
Soil loss is a key environmental challenge facing the world (Jahun et al., 2015; Maliqi and Singh, 2019). It is an ecological process of detachment, transportation, and deposition of soil materials by erosive agents, mainly rainfall, wind, and gravity (Aksoy et al., 2019; Negessa Gadisa and Tesfaye Midega 2021). Soil loss and sediment export are direct products of the complex interactions between natural (e.g., rainfall, topography, soil characteristics, etc.) and anthropogenic factors such as agricultural land use, deforestation, and urbanization (Phinzi and Ngetar, 2019).
Generally, soil loss and sediment export negatively affect ecosystem services and functions (Arega Degife et al., 2021; Hamere, Yohannes et al., 2021). It aggravates rocky desertification (Guo et al., 2022). Soil loss affects agricultural productivity (Kebede, Wolka et al., 2015). That affects the rural population's food and nutrition security (Arega Degife et al., 2021; Nigussie Haregeweyn et al., 2017; Belayneh Yigez et al., 2021). It also causes environmental and socio-economic problems due to sediment load in the downstream area. For example, the deposition in the water body can increase the death of aquatic life and water quality pollution. In addition, increasing the cost of managing the water body, shortening the water reservoir’s life span, and flood occurrence can be other examples of socio-economic problems due to the deposition (Belayneh Yigez et al., 2021).
Ethiopia is one of the sub-Saharan countries that experience severe soil erosion, with an average annual loss of 16–300 t/ha/year in cultivated lands (Hurni, H., 1988). It results in food insecurity and a loss of 2–3% of agricultural GDP (Kirui and Mirzabaev, 2009). Factors such as Slope steepness, long cultivation history with outdated technology, and overgrazing make soil erosion more severe (Basin et al., 2019).
The annual sediment load from agricultural landscapes is similarly worrisome for soil loss in the highlands of Ethiopia (Setegn Shimelis et al., 2010). Because the water quality and storage potential of natural lakes in the country has deteriorated significantly from a large number of sediment loads from the upland areas (Brook Lemma, 2004; Fekadu Yohannes, 2005; Setegn Shimelis et al., 2010). Due to uncontrolled erosion and sedimentation from the surrounding agricultural landscapes Lake Alemaya in the eastern highlands has already dried out (Brook Lemma, 2004; Fekadu Yohannes, 2005; Eshetu Tufa et al., 2014). In the Central Rift Valley area other lakes like Abijata can soon dry out (Derege Tsegaye et al., 2012; Habtamu Temesgen et al., 2013).
The modification of Earth’s terrestrial surface by human activities is commonly known as land use/land cover change around the globe (Agumassie Genet., 2020; Liaqat et al. 2021). Land use and land cover change have two separate terminologies that are often used interchangeably (Rawat and Kumar 2015; Rasool et al. 2021). Land cover refers to the biophysical characteristics of the earth’s surface, including the distribution of vegetation, water, soil, and other physical features of the land (Delalay et al. 2019; Wang et al. 2018). While land use refers to how the land has been used by humans and their habitat, usually with an emphasis on the functional role of land for economic activities (Lambin and Linderman 2006; Magliocca et al. 2015).
In Ethiopia LULC change is mainly dominated by the conversion of natural vegetation cover to use for agriculture activities (Woldeamlak Bewket, and Solomon Abebe, 2013, Temesegen Gashaw et al., 2018). According to FAO, (2020), the forest cover in Ethiopia has decreased from 13.3% of the total area of the country (14.69 million ha) in 1993 to 11.4% of the total area (12.54 million ha) in 2016 with an estimated annual rate of change 0.8% (104,600 ha/year). On the contrary, the agricultural land of the country has increased from 27.66% of the total area of the country (30.54 million ha) in 1993 to 32.83% of the total area (36.26 million ha) in 2016. Due to early settlement and the resulting population pressure, however, LULC changes were much pronounced in the highlands of Ethiopia (Solomon Gebreyohannis et al., 2010; Rientjes et al., 2011; Gebremicael et al., 2013).
[bookmark: _Toc151908075]1.2. Statement of the Problem
Many studies reported the effect of soil erosion on agricultural land and water resources. For instance, Tully et al., (2015) reported that more than two third of cropland degradation and the resulting productivity loss in Africa resulted from soil erosion. Besides, Ahmed Moustafa (2018) reported that Aswan High Dam of Egypt has lost 4% of its water storage capacity over 48 years; Khashm el-Girba reservoir of Sudan has lost 53% of its water storage capacity in 46 years; Sennar reservoir of Sudan has lost 85% of its water storage capacity in 85 years. Moreover Arega Degife et al., (2019) revealed that the loss of Lake Cheleleka and the degradation of the surrounding wetlands in the Central Rift Valley region of Ethiopia which was resulted from the erosion and deposition of sediment from the surrounding farmlands and Angereb reservoir in Ethiopia has lost 46% of its water storage capacity in 19 years due to problems of sedimentation.
A quantified estimation of soil erosion and sediment export and identification of the sources of sediments are great interest in water resources management (Ambers 2001; Navas et al., 2009; Sharp et al., 2018). It helps to address the problem through proper planning and allows the design of better strategies for reducing the impacts on downstream irrigation, water treatment, recreation and reservoir performance (Sharp et al., 2018). 
Literature indicates that not all of the eroded soil in a watershed is transported out of it a significant proportion of the eroded soil gets deposited at intermediate sites (Constable and Belshaw, 1986; Swarnkar et al., 2018). A study by Constable and Belshaw (1986) revealed that only 10% of the total soil erosion is delivered to the watershed’s outlet and reaches a natural water body. This exported soil offers the downstream influences of sediment deposition affecting the ecosystem and siltation of lakes and hydroelectric dams (Baral et al., 2014). Hence, it is important to quantify and differentiate between the level of soil erosion (the amount of soil eroded in a watershed) and sediment export (i.e. the proportion of soil delivered to the stream that reached a watershed’s outlet), in a watershed to identify the level of downstream impacts for effective water resources management (Sharp et al., 2018).
Although there were many studies on soil loss and sediment yield at the global level, most of them focused on the use of sophisticated instruments and well experienced experts in data rich environments (Jansson 1988; Syvitski and Milliman 2007). Such approaches are less practical in the context of developing countries including Ethiopia, where there are data scarcity and a lack of experienced experts (Nigussie Haregeweyn et al., 2012). Studies in developing countries on soil erosion widely employ the Revised Universal Soil Loss Equation (RUSLE) to estimate soil loss (Hamel et al. 2015). However the equation is not capable of estimating the sediment export of a given watershed (DeVente et al., 2013). Since it doesn’t determine sediment pathways from steep slopes to water bodies, it is difficult to examine possible downstream impacts, such as pollution and sedimentation (Jahun et al., 2015). The Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) sediment delivery ratio (SDR) model has the advantage of addressing the limitations of the RUSLE thus enabling the combined estimations of soil loss and sediment export through characterizing the hydrological connectivity of a given watershed (Sharp et al., 2018). Hence this study employs the InVEST SDR model and seeks to utilize the advantages of the model’s comprehensive estimation of soil loss and sediment export, of the watershed.
However, the levels of erosion and sediment yield reported show spatial variation depending on the type of soil, climate, topography, population density, farming, management practices, land use land cover and methods used. Such variations signify that site-specific studies and locally adaptable erosion and sediment mitigation strategies are still necessary to minimize the impacts of accelerated erosion and sedimentation. Additionally, although the studies indicate soil erosion and related sediment yield in the country have led to various environmental problems, there were very limited studies on the estimations of erosion and sediment yield in the maybar watershed. Moreover, studies that integrate the estimations of soil loss and sediment export along with studying their effect on  land use land cover are still scanty, if not unavailable for the maybar watershed  in particular with the use of InVEST  SDR  model. 
Therefore, the present study was conducted in Maybar watershed the northeastern highland region of Ethiopia. Previously, above all very limited studies in Ethiopia and probably there is no study carried out in the maybar watershed  with respect to effects of  LULC changes on soil erosion  and sediment yield employing with InVEST SDR model.. Hence, the purpose of this study was to quantify and map soil erosion and sediment export, along with the effects of land use land cover change in the study Watershed. This will help to understand the level of stress on natural resources and make informed decisions before irreversible damages of the watershed resources and use as a guide line for police makers. 
[bookmark: _Toc59651649][bookmark: _Toc151908076]1.3. Objectives of Study 
[bookmark: _Toc59651650][bookmark: _Toc151908077]1.3.1. General objective 
The general objective of this study is to model the effects of LULC change on soil erosion and sediment yield in the maybar watershed using InVEST model
[bookmark: _Toc59651651][bookmark: _Toc151908078]1.3.2. Specific Objective 
· To analyze the LULC changes from 1990 to 2020.
· [bookmark: _Toc117492139]To estimate soil erosion and sediment yield from 1990 to 2020 due to LULC changes.
[bookmark: _Toc151908079]1.4. Research Questions
Based on the stated objectives, the following questions have been used to guide the research process and finally answered from the findings of the study.
 i. What is the LULC change of the Maybar watershe in the period of 1990 to 2020?
 ii. What is the mean annual soil erosion in Maybar watershed from 1990 to 2020?
iii. What is the mean sediment yield in Maybar watershed from 1990 to 2020? 
[bookmark: _Toc151908080]1.5. Scope of the Study
The scope of this study is focuses mainly on effects of lsnd use land cover change on soil erosion and sediment yield in Maybar watershed in the north eastern highland of Ethiopia between the analysis period of 1990 to 2020.
[bookmark: _Toc151908081]1.6. Limitation of the Study
This study encountered certain challenges. One of the challenges the current national crisis of war, lack of daily recorded sediment data, time and money also limit research.  
[bookmark: _Toc151908082]1.7. Significance of the Study
The study will have its own rationalities both for study site in one way and for LULC change literatures. By analyzing the LULC change trend and driving forces behind the changes, it helps to understand how land was being used in the past. Moreover it can provide data to policy and decision makers to design appropriate policies and strategies and promote sustainable management of natural resources. More sustainable management of natural resources in turn can enhance agricultural productivity. A large number of government or non-government agencies, researchers and local communities can benefit from the outputs of this research.




















[bookmark: _Toc151908083]2. LITERATURE REVIEW
[bookmark: _Toc151908084]2.1. Soil Erosion
Soil erosion is defined as the wearing away of the land surface by physical forces such as rainfall, flowing water , wind, ice, temperature change, gravity or other natural or anthropogenic agents that abrade, detach and remove soil or geological material from one point on the earth surface to be deposited elsewhere. In the long term, this process leads to stable landforms with low erosion rates (Haile Mitiku et al., 2006). There are two main types of erosion: geologic and accelerated erosion. Geologic erosion is a normal process of weathering that generally occurs at low rates in all soils as part of the natural soil-forming processes. It occurs over long geologic time horizons and is not influenced by human activity. In contrast, soil erosion becomes a major concern when the rate of erosion exceeds a certain threshold level and becomes rapid, known as accelerated erosion. This type of erosion is triggered by anthropogenic causes such as deforestation, slash-and burn agriculture, intensive plowing, intensive and uncontrolled grazing, and biomass burning (Blanco and Lal, 2008).
Soil erosion is a two-phase process consisting of the detachment of ind ividual soil particles from the soil mass and their transport by erosive agents such as running water and wind. When sufficient energy is no longer available to transport the particles, a third phase, deposition, occurs (Morgan, 2009). Soil erosion affects the physical and chemical properties of soils. The physical parameters are primarily organic matter content, structure, texture, bulk density, infiltration rate, rooting depth, and water-holding capacity. Changes in chemical parameters are largely a function of changes in physical composition. Loss of soil implies loss of productive land, as a consequence it reduce the productivity of agricultural land and crops yield which is actually essential to sustain human life on earth. However, in areas where the topsoil is acid and the organic matter content is initially low, surface erosion may, in fact, increase crop yields due to the exposure of more favorable subsoil (Haile Mitiku et al., 2002).
[bookmark: _Toc151908085]2.1.1. Global Context of Soil Erosion
One third of the world’s agricultural soils, or roughly 2 billion hectares of land, was reported as being affected by soil degradation. Water and wind erosion account for 84% of this observed damage (Hurni, 2002). Water erosion representing about 56% of the total degraded land and wind erosion affects about 28% of the total degraded land (Blanco and Lal, 2008). While other forms like physical and chemical degradation are responsible for the rest. Industrialisation and urbanisation have further caused specific forms of soil degradation. Most damage, however, is the result of inappropriate land management in all the diverse farming systems, from subsistence to mechanized farming (Hurni, 2002). Thus, water and wind erosion are the dominant agents that degrade soils (Blanco and Lal, 2008). The problem of soil erosion is severe particularly in the tropics and sub-tropics because of the high population pressure, scarcity of prime agricultural lands, and predominance of resource-poor farmers. It is much severs in Africa and Asia (Blanco and Lal, 2008).
One regional base, measurements of soil loss undertaken from hill slopes in West Africa, ranging in steepness from 0.3° to 4°, yield annual rates of 0.15, 0.20 and 0.03 t/ha/year under natural conditions of open savanna grassland, dense savanna grassland and tropical rain forest respectively. Clearance of the land for agriculture increases the rates to 8, 26 and 90 t/ha/year, while leaving the land as bare soil produces rates of 20, 30 and 170 t/ha/ year respectively. Thus, removal of the rain forest results in much greater rises in erosion rates than does removal of the savanna grassland. These measurements emphasize the high degree of protection afforded by the rain forest but also reflect the erosive capacity of the high rainfalls in the humid tropics when that protection is destroyed. The rates of removal of tropical rain forests over the past twenty years are therefore of major concern with respect to present and future erosion problems (Roose 1971 cited in Morgan, 2009). Similar with the above finding, (Schwab et al., 1993) have described the function of vegetation in erosion control on a more comprehensive way. According to them, the major effects of vegetation in reducing erosion are interception of rainfall by absorbing the energy of the raindrops and thus reducing surface sealing and runoff, retardation of erosion by decreased surface velocity, physical restraint of soil movement, improvement of aggregation and porosity of the soil by roots and plant residue, increased biological activity in the soil and transpiration , which decrease soil water, resulting in increased storage capacity and less runoff. Due to the variations of environmental factors and conservation efforts, the amount of soil loss also varies among countries. In addition, soil loss also varies in different land use/land cover classes. It is very high in cultivated land and bare soil than under natural conditions. Similarly, studies indicated that land use/land cover changes towards cultivated and degraded land increases the susceptible of the soil for erosion (Gete Zeleke and Hurni H 2001; Woldeamlak Bewket, 2002).
[bookmark: _Toc151908086]2.1.2. Soil Erosion in Ethiopia
Soil erosion is recognized as one of the most serious causes of soil degradation in Ethiopia (Awdenegest Moges and Holden, N.M., 2007, Menale Kassie, 2011, Woldeamlak, Bewket, and Sterk, G., 2002) and hence in highland areas of the country the crop yield and soil fertility levels are extremely low (Woldeamlak, Bewket, and Sterk, G., 2002) Continued soil erosion seriously threatens peoples’ livelihoods, especially in highland parts of the country, where arable land is a very scarce resource (Woldeamlak, Bewket, and Sterk, G., 2002). Annually about 2 billion cubic meters top soil loss is reported for the country (Hurni, 2015, Hurni, 1989, and Woldeamlak, Bewket, and Sterk, G., 2002). According to (Hurni, 1985) the average annual soil erosion rate in Ethiopia was 18t/ha/year. Ethiopia losses over 1.5 billion tons of top soil annually from the highland area due to erosion (Ermias Teferi, 2016), The average annual soil loss rates from crop lands estimated as 42 t/ha/year and ranged up to 300 t/ha/year in extreme cases (Hurni, 1993). Especially the productive highland parts of the country, which characterized by rugged topography, densely populated, intensive cultivation and that host large proportion of people and livestock, harmed highly with problem of land degradation(Bekele Tsegaye., 2019 Mushir A, Kedru S 2012, Tegegne Molla and (Biniam Sisheber.,2017). About 43% of the total highland areas of Ethiopia are highly affected by soil erosion with an estimated average annual loss of 20 t/ha/year and measured annual amounts of more than 300t/ha/year on specific plots (Hurni H 1990, Dubale, P., 2001). Not only the highlands, but also the dry lowland areas of the country have also been identified as vulnerable to the problem of land degradation (UNEP, 2013).
[bookmark: _Toc151908087]2.2. Land Use Land Cover Change
The relationship between land use and land cover can be described as: change in land use can affect and be affected by land cover, however the change in either of them is not necessarily the product of the other. Single land use system may correspond to a single land cover or it may involve several distinct covers (Briassoulis, 2011). For instance a farming system may involve several distinct covers such as cultivated land, woodlots, improved pasture, and settlements. On the other hand single class of cover may support multiple uses. For example the area covered by natural forest can be used for hunting and gathering, fuel wood collection, recreation and wild life preservation (Briassoulis, 2011; Verheye, 2009)
A change in land cover refers to conversion of one land cover type to a new cover type or modification within one land cover category (Lambin and Geist, 2003). On the other hand land use change refers to a conversion of land use due to the interference of human being for different purposes such as for settlement, infrastructural development, agriculture and recreational uses (Turner et al., 1995). LULC change refers to the human modification and conversion of the earth terrestrial surface (Shrestha, 2012). Modification occurs when the change affect only the characteristics of the land cover without causing a complete shift from one LULC type to the other. On the other hand conversion of LULC occurs when one LULC type completely replaced by another (Binyam Alemu et al., 2015)
[bookmark: _Toc151908088]2.2.1. Land Use Land Cover Change at Global Perspective
LULC Change occurs at local, regional and global scales and changes at local scales can have cumulative impacts at broader scales (Ashenafi Burka., 2008). LULC Change is as old as the age of human kinds (Hagos Gebreslassie., 2014). Human land use activities spread over about 50% of the ice free land surface starting from the control over fire and domestication of animals and plants (Lambin and Geist, 2003). The spread of human land use activities were mainly at the expance of forest lands, resulting reduction of global forest cover from 50% to less than 30% (Lambin et al., 2003). Between 1700 and 1980 for instance, at the global scale total cultivated land was estimated to have increased by 46% (Turner et al., 1992 Cited in Muluneh, 2003). Furthermore, between the years 1700 and 1990, the area under cropland and pasture has increased from an estimated 300- 400 million ha to 1500-1800 million ha, and 500 million ha to 3100 million ha respectively. This resulted in reduction of forests from around 5000-6200 million ha in 1700 to 4300-5300 million ha in 1990 and natural grasslands, steppes and savannas from around 3200 million ha in 1700 to 1800- 2700 million ha in 1990 (Lambin et al., 2003).
However LULC Change is not homogeneous across all parts of the world (WIREs Climate Change, 2014). Some regions experienced huge LULC Change mainly expansion of agricultural lands at the expanse of vegetated lands. This is true in regions with a shorter history of human development such as Africa, south and Southeast Asia and Latin America countries. Since 1850, these regions have experienced dramatic increases in cropland, especially during the second half of the twentieth century (Lambin et al., 2003; WIREs Climate Change, 2014). On the other hand expansion of agricultural lands reduced in European countries (WIREs Climate Change, 2014).
[bookmark: _Toc151908089]2.2.2. Land Use and Land Cover Change in Ethiopia
 LULC change is the human modification of Earth’s terrestrial surface from existing management of the land or land cover to new management of land or new land cover type (Sisay Nuru et al., 2016). The nature of LULC dynamics significantly differs from country to country as the drivers of LULC change and land management activities vary from place to place.
In Ethiopia, LULC change is mainly dominated by the conversion of natural vegetation cover to use for agriculture activities (Woldeamlak Bewket and Solomon Abebe., 2013, Temesgen, Gashaw et al., 2018). According to FAO (2020), the forest cover in Ethiopia has decreased from 13.3% of the total area of the country (14.69 million ha) in 1993 to 11.4% of the total area (12.54 million ha) in 2016 with an estimated annual rate of change 0.8% (104,600 ha/year). On the contrary, the agricultural land of the country has increased from 27.66% of the total area of the country (30.54 million ha) in 1993 to 32.83% of the total area (36.26 million ha) in 2016.
Several research works (Asnake Yimam and Amare Bantider., 2019, Adenew Taffa et al., 2015, Woldeamlak, Bewket, and Solomon Abebe., 2013, Mesfin Anteneh et al., 2016, Binyam Alemu, et al., 2015, Kiros Tsegay and Desalegn Wana.,2019, Wakjira Takala et al., 2020, Sisay Nune et al., 2016,  BelayTegene., 2002, and Diress Tsegaye et al., 2010) were undertaken on the spatial and temporal land use and land cover change at watershed and district level in Ethiopia and have shown that there has been a significant LULC change in different parts of the country dominated by the expansion of cultivated land and built-up areas at the expense of natural vegetation cover, shrub lands and grass lands particularly in the highlands
A study by Woldeamlak, Bewket, and Solomon Abebe., (2013) reported the consistent expansion of cropland and settlement at the expense of forest and dense tree cover over the period between 1957 and 2001 in Gish Abay Watershed, Blue Nile Basin of Ethiopia. A similar study by Ebrahim Esa Hassen and Mohamed Assen., (2018) reported that farmlands and settlement areas were expanded at the expense of forest area, shrub lands, and grasslands over the study period between 1957 and 2014 in Gelda catchment, Lake Tana Watershed of Ethiopia. Samuale Tesfaye et al., (2014) reported a significant increase in cultivated land and settlement and a decrease in vegetation cover between 1976 and 2008 in Gilgel Tekeze Catchment, Northern Ethiopian Highlands. According to Alemayehu A Shawul, and Chakma, S., (2019), cropland and urban area replaced a large area of forest cover and shrub lands in Upper Awash Basin, Ethiopia, over the years between 1972 and 2014. Wakjira Takala et al., (2020) also found an expansion of agricultural land and built-up area at the expense of forest land in Finchaa Catchment, Northwestern Ethiopia, over the period between 1987 and 2017 Similarly, Abreham Berta et al., (2020) reported the expansion of cultivated land, built-up area, and bare land at the expense of forest land and shrubland between 1988 and 2018 in Winike Watershed of Omo Gibe Basin, Southwest Ethiopia. A study conducted by Fikirte Demissie et al., (2017) also reported the continuous expansion of cultivated lands at the expense of forest area and grasslands over 42 years (1973–2015) in Libo Kemkem District of Northwestern Ethiopia. An increase in farmland area at the expense of forest land was also observed in Bale Mountain Eco-Region of Ethiopia from 1985 to 2015 (Sisay Nune et al., 2016). Another study by Mesfin Anteneh et al., (2016) found a significant increase in cultivated land and settlement and a decrease in forest land, shrubland, grassland, and wetland over 48 years (1957–2005) in Gumara Watershed of Lake Tana basin, Northwestern Ethiopia. Asnake Yimam and Amare Bantider., (2019) reported the consistent increase in farmland and settlement area at the expense of Afro-alpine and sub-Afro-alpine vegetation areas between 1973 and 2017 in Beshillo Catchment of Blue Nile Basin, Northeastern Highlands of Ethiopia
A study conducted by Kiros Tsegay and Desalegn Wana, (2019) revealed that forest area was converted into agricultural land and barren land between 1957 and 2017 in the Central Highlands of Ethiopia. Girma Ayele et al., (2019) also found that farmland expansion was the major cause for the reduction of forest area between 2000 and 2015 in Delomena District, Bale Zone of Ethiopia. Belay Tegene. (2002) reported a significant conversion from natural vegetation cover to cropland was observed between 1957 and 1986 in Derekolli Catchment of the South Wollo Zone of Ethiopia
The expansion of farmlands at the expense of other land use and land cover types has occurred not only in the highlands of Ethiopia but also in lowland arid and semiarid areas of the country. According to Binyam Alemu et al., (2015), the expansion of agricultural land and bare land and the reuction of woodland cover were observed between 1985 and 2010 in the Northwestern lowlands of Ethiopia. Tsegaye Diress et al., (2010) also found a rapid reduction in the size of woodland and grassland cover, and more than the eightfold increment in the size of cultivated land took place between 1972 and 2007 in arid and semiarid Northern Afar range lands of Ethiopia. Hagos Gebreslassie, (2014) reported cultivated lands and open lands have shown continuous expansion at the expense of forest lands, shrub lands, and grasslands in Huluka Watershed, Central Rift Valley of Ethiopia, between 1973 and 2009. Cropland expanded at the expense of forest, woodlands, and grasslands between 1973 and 2014 in the Central Rift Valley of Ethiopia (Adenew Taffa et al., 2015). In the Northeastern Somali Rangelands of Ethiopia, grassland cover was converted into cultivated and settlement areas between 1985 and 2017 (Fikre Zerfu et al., 2019)
In Contrary to the findings of the aforementioned studies in different parts of the country, Amare Bantider et al., (2011) reported the expansion of forest area and shrub land and the decline of the area of cropland since the mid-1980s in the Eastern Escarpment of Wollo, Northeastern Ethiopia. Asmamaw L. B et al., (2011) have also shown the expansion of forest land during the study period between 1958 and 2006 in Gerado Catchment of Northeastern Ethiopia.
[bookmark: _Toc151908090]2.3. Sediment Yield
The quantity of eroded material carried from a plot, area, channel, or watershed is referred to as sediment yield (Renard et al., 1997). As a result, soil erosion is the primary source of sediment yield, and no sediment yield to any given point or stream channel occurs unless soil erosion has occurred over time (Megersa Kebede and Chakravarti, 2017). All of the soil erosion that occurred on the upper slopes, however, did not result in sediment yield reaching a downstream point  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 down-stream point (Morgan, 2009). Sedimentation, the deposition of sediment particles after separating from their origins, reduces the storage capacity of lakes and reservoirs. Therefore, higher sediment yield and ultimately, reservoir and lake sedimentation are indicators of a higher soil erosion rate in the upland areas. Hence, it is apparent that sediment yield is dependent on soil erosion, and Sedimentation depends on the yield of sediment 
The annual sediment load from agricultural landscapes is similarly worrisome for soil loss in the highlands of Ethiopia (Setegn Shimelis et al., 2010). Because the water quality and storage potential of natural lakes in the country has deteriorated significantly from a large number of sediment loads from the upland areas (Brook Lemma, 2004; Fekadu Yohannes, 2005; Setegn Shimelis et al., 2010). Due to uncontrolled erosion and sedimentation from the surrounding agricultural landscapes, Lake Alemaya in the eastern highlands has already dried out (Brook Lemma, 2004); Fekadu Yohannes, 2005; Eshetu Tufa et al., 2014). In the Central Rift Valley area, other lakes like Abijata can soon dry out (Derege Tsegaye et al., 2012; Habtamu Temesgen et al., 2013). 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 Wolka, 2012). 
[bookmark: _Toc151908091][bookmark: _Toc59651662]2.4. Description of Soil Erosion Models
[bookmark: _Toc59651663][bookmark: _Toc151908092]2.4.1. Invest SDR Model
The Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) and Sediment Delivery Ratio model is used to quantify and map sediment delivery and soil loss in a land escape (Hamel et al., 2017; Sharp et al., 2018). The main reason for using this model includes: the model is comparatively less data-intensive and more flexible than other models such as SWAT, it can be easily adapted to a particular context and to either global or local data readily available (Gao et al,2017 ), and it shows the hydrological connectivity developed by (Borselli et al., 2012). The unique characteristic of the InVEST SDR model is its ability to evaluate soil erosion and sediment export from each type of land use and to measure the amounts of sediment, including streams and reservoirs, joined to water bodies.
[bookmark: _Toc151908093]2.4.2. Revised Universal Soil Loss Equation (RUSLE) Model
The Revised Soil Loss Equation (RUSLE) model (Renard et al., 1996 & 1997) is often used to estimate soil erosion rate. RUSLE is an extension of the Universal Soil Loss Equation (USLE) model by adapting the input factors to the local conditions Renard et al., 1996). Because of its clear and relatively simple computational inputs, RUSLE has been widely applied in Ethiopia (e.g. Woldeamlak, Bewket and Ermias Teferi, 2009; Abate Shiferaw, 2011a; Derege Tsegaye et al., 2012) and elsewhere in the world (e.g. Angima et al., 2003 in Kenya; Yue-Qing et al., 2008 and Xu et al., 2012 in China; in the United States; Prasannakumar et al., 2012 in India; Lulseged Tamene, and Quang Bao Le., 2015 in Sub Saharan Africa). RUSLE (Renard et al., 1997) and its predecessor USLE (Wischmeier and Smith, 1978) estimate average annual soil loss (A) from sheet and rill erosion as a function of five factors 
------------------------------------------------------------ 1
Where, R, K, LS, C and P are rainfall erosivity, soil erodibility, topographic, cropping and landcover and erosion control practice factors, respectively


Rainfall Erosivity (R) factor 
The R-factor accounts the erosive force of a specific rainfall (Wischmeier and Smith, 1978; Prasannakumar et al., 2012; Alexakis et al., 2013), which is determined by the amount, intensity and distribution of rainfall (Tadesse, Amsalu, and Abebe Mengaw., 2014), of which intensity is the most rainfall property that determines the amount of erosion .Hence, in the original USLE and its revised version (RUSLE), the R-factor was represented in the rainfall intensity data (Wischmeier and Smith, 1978; Woldeamlak, Bewket and Ermias Teferi., 2009; Kouli et al., 2009; Syed Ahmad,Ali and Hamelmal Hagos., 2016).
Soil Erodablity (K) factors 
The K-factor corresponds to the influence of the soil physical and chemical properties on erosion during storm events in upland areas (Wischmeier and Smith, 1978; Renard et al., 1996; Ali, Syed Ahmad, and Hamelmal Hagos.,2016). Few soil properties which affect soil erodiblity include soil texture, drainage condition, soil depth, structural integrity and organic content (Gebreyesus, Brhane, and Kirubel Mekonen, 2009; Prasannakumar et al., 2012). Among the various methods of determining the K-factor, the soil nomograph, which uses the relative proportions of soil texture, permeability, soil structure and organic matter content (Wischmeier and Smith, 1978; Abate, Shiferaw, 2011a; Hailu Kendie and Klik, 2015; Kebede Wolka et al., 2015), is the most commonly used method. 
Topographic (LS) factor 
The LS-factor account the influence of topography on erosion and it includes both the slope length (L-factor) and slope steepness (S-factor) factors (Wischmeier and Smith, 1978; De Asis and Omasa, 2007; Kouli et al., 2009; Prasannakumar et al., 2012). In the steeper and longer slopes, erosion by water is greater due to the greater influence of topography in increasing runoff (Wischmeier and Smith, 1978; Abate Shiferaw, 2011a; Alexakis et al., 2013). Conversely, in gentle and shorter slopes, soil erosion by water is lower. Hence, the LS-factor in the model is one of the major surface parameters for erosion (Alexakis et al., 2013).
Cropping and Land-Cover (C) factor 
The C-factor accounts the role of vegetation covers on soil erosion (Wischmeier and Smith, 1978; Morgan, 2005). In areas where vegetation is absent soil erosion by water is higher. In reverse, soil erosion on the vegetated land is lower, which is due to the higher protection of the soil surface by vegetation against erosion (Alexakis et al., 2013). Therefore, one can reduce soil erosion by reverting the LULC types into the directions of having more vegetated covers (Temesgen Gashaw et al., 2017). Because of this, the C-factor is perhaps the most important factor to reduce soil erosion.
Erosion control practice (P) factor 
The P-factor accounts the role of conservation practices in reducing erosion (Wischmeier and Smith, 1978). The value of P-factor is between 0 and 1. In general, higher values are assigned to areas with no conservation practices while minimum values approaching 0 are provided for areas with good conservation practices (Wischmeier and Smith, 1978; Prasannakumar et al., 2012; Ganasri and Ramesh, 2016). Therefore, the lower the P value is, the more effective is the practice of protecting erosion (Prasannakumar et al., 2012; Ganasri and Ramesh, 2016).








[bookmark: _Toc151908094]3. MATERIALS AND METHODS
[bookmark: _Toc151908095]3.1. Study Area Description
The Maybar watershed is located in the Amhara National Regional State, South Wollo Zone, dessie zurie district, Ethiopia. It is situated at about 20 km south east of the city of Dessie and about 422 km north of Addis Ababa. It was the first research site established by Soil Conservation Research Project’s (SCRP) in 1981. Geographically, the study site lies at 39°39ʹ0ʹʹ to 39°40ʹ0ʹʹ  E and 11°0ʹ0ʹʹ to 11°0ʹ30ʹʹ N and it is characterized by highly rugged topography with steep slopes ranging between 2481 and 2814 m above sea level with an area of 116.27 ha (Bosshart, 1997). It is categorized under the moist Weyna Dega/Moist Dega agroclimatic zone. The study area is characterized as an erosion prone, low potential and oxen-plowed cereal belt of the north-eastern escarpment of the Ethiopian highlands (SCRP, 1982).
Slopes range from 0% to 49.7%. Rainfall is characterized by a bimodal pattern with an erratic distribution with the mean annual rainfall of 1448 mm (Haile Mitiku et al., 2006). The small rainy season (Belg) occurs from March to May, where as the main rainy season (Kiremt) occurs from June to September and the dry season from October to February. The area has sub-humid with annual mean minimum and mean maximum temperatures of 11.43°C and 21.6°C, respectively. 
The soil is dominated by Eutric Leptosols 71.4%, Eutric Regosol 19.1% and Eutric Vertisols 9.5% of watershed area coverage (SCRP, 2000). A mixed farming system such as livestock husbandry and crop production is the farming system in the Maybar watershed with rainfed agriculture. Soil conservation interventions such as level soil and stone bunds were introduced in the catchment in 1983 through a Food for Work campaign conducted by the Ministry of Agriculture (SCRP, 2000). 
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[bookmark: _Toc148199748]Figure 3 1. Location map of study area
[bookmark: _Toc151908096]3.2. Data Types, Sources and Analysis 
[bookmark: _Toc151908097]3.2.1. Satellite data source and processing 
Four landsat images were acquired from the http://www.earthexplorer.usgs.gov website using Landsat 4–5 TM 1990, Landsat 7 ETM+ 2000, Landsat 7 ETM+ 2010 and Landsat 8 OLI/TIRS 2020 (Table 1). Analysis of Landsat images for the period 1990–2020 with equal year interval (1990, 2000, 2010, and 2020).
Ground truth data were taken by GPS and Google earth to develop the training sites. These points were overlaid onto true composite images for the delineation of the training areas. Each training area contained at least one pixel that was no more than two pixels away from the original ground truth point. It must be stressed to the original ground truth pixels.
Composites of various band combinations were used to assist in the allocation of training regions for specific features. For instance, forest training sites were digitized over a (RGB) 4, 3, 2 bands combination because forest vegetation appeared red to bright red in the false color composite image and green to dark green in the true color composite and (RGB) 4, 5, 3 (RGB) 7, 4, 2 and (RGB) 5, 4, 1 also used which its better suited in visualizing agricultural, vegetation and other lands (Http: //gif. berkeley.edu., 2003).
[bookmark: _Toc152878330]Table3.1. The satellite image description used for this study
	Satellite data (image)
	Path and raw
	Date of acquisition
	Sensor
	Number of bands
	Spatial resolution (meter)
	Cloud cover

	Landsat 8
	168 and 52
	January 19/1/2020
	Operational land imager /thermal infrared sensor OLI/TIRS
	11
	30
	0

	Landsat 7
	168 and 52
	January 15/1/2010
	Enhanced thematic mapper plus image ETM+
	8
	30
	0

	Landsat 7
	168 and 52
	February 5/2/2000
	Enhanced thematic mapper plus image ETM+
	8
	30
	0

	Landsat 4-5
	168 and 52
	February 17/2/1990
	Thematic mapper (TM)
	7
	30
	0



[bookmark: _Toc151908098]3.3. Image Classification Methods 
Preprocessing tasks such as geometric and radiometric corrections and geo-referenced to WGS 1984 UTM projection was applide before classifying the images. The type of radiometric corrections undertaken was histogram equalization, haze reduction, noise reduction, etc. For land cover classification the supervised classification method in ArcGIS 10.3.1 software using the decision rule of maximum likelihood classifier algorithm was used. Supervised classification was done making use of ground checkpoints and satellite images of the study area.
[bookmark: _Toc140037126]Training area selection was an important step in the classification which could be homogeneous and represent LULC classes was determined. Training data were collected from field (ground survey) for 2020 image data, and for 2010 image data, collected from Google earth pro. Google earth is freely available and accurate for land use land cover analysis which represents a powerful and attractive source of positional data that can be used for investigation and preliminary studies with suitable accuracy and low cost (Abineh Tilahun and Bogale Teferie.2015). The year 1990 and 2000 images of training data were collected from ground point supplemented by the elder local people. The main land uses identified in the watershed were cultivated land, dense forest, grazing land, open forest and settlement/homestead. These land uses are described in table 2.
[bookmark: _Toc152878331]Table3.2. LULC classes’ description (adopted from Gebremedhin Tesfaye et al., 2017)
	Land use /land cover type
	Description

	Cultivated land
	This unit includes areas used for rained and irrigated cultivation, including nearly fallowed areas

	Grazing land 
	Areas with permanent grass cover, use for grazing usually communal

	Homestead
	Areas with the settlement, garden around the home and organizational office

	Open forest /woodland
	Areas covered with scrap scattered trees and sparsely planted woody plant mixed with short bush open areas 

	Forest /dense 
	Areas covered with trees forming a closed canopy or relatively closed canopy. This unit also includes dense bush land mixed with closed wood trees


[bookmark: _Toc151908099]3.4. Accuracy Assessment and Change Detection 
Accuracy assessment is an important part of any classified image to another data source that is considered to be accurate or ground truth data. It is also the mandatory evaluation step during the image classification process, as the user of land cover output needs to determine how accurate the result is used the procedure data correctly (Manandhar et al., 2009). 
A confusion matrix (or error matrix) were developed, expressing the number of sample units assigned to a particular category relative to the actual category, as verified on the ground (Lu & Weng, 2007). The confusion matrix encompases overall accuracy (OA), producer accuracy (PA), user accuracy (UA) and kappa coefficient (Thomlinson et al.1999). In land use and cover classification system, kappa values of more than 0.80 indicate a good classification performance. Kappa values between 0.40 and 0.80 indicate moderate classification performance and Kappa values of less than 0.40 indicate poor classification performance (Jensen, 2005; Lillesand et al., 2004).
Therefore, the classification accuracy can be defined as the number of pixels that is correctly classified to the sum of all pixels. It is predicted by evaluating overall accuracy along with the kappa coefficient. These values are calculated by using the confusion matrix (Lillesand et al., 2004). The kappa coefficient can be estimated based on the following mathematical equations.
Overall accuracy = total number of correctly classified pixels (diagonal) X 100 --- (2)                                 Total number of reference pixels
User accuracy =number of correctly classified pixels in each category X100 ----- (3)                             Total number of classified pixels in that category (the row total)
 Producer accuracy = number of correctly classified pixels in each category X100 - (4)
	Number of reference pixels in that category X 100	
Kappa coefficient (t) = (TS*TCS)- ∑(Col.totXRow.tot)X100 ------------------------ (5)    TS2 - ∑(Col.totXRow.tot)
	NB. TS= total no. of sample
	TCS = total no. of corrected sample
	Col.tot = column total
	Row.tot = row total
In order to capture qualitative and quantitative information that helps to explain and interpret the land use and land cover change, a field survey was conducted. In this case, the historical land use and land cover trend have been collected through supplemented by the elder local people. Therefore, for each class, 75 GPS for land use land cover classification and 200 GPS for accuracy assessment were collected based on a random sampling technique. Since the 1990 and 2000 ground truth samples were collected supplemented by asking the elder local people with supporting GPS tools and the 2010 and 2020 periods were also collected from Google Earth historical imagery with supporting GPS tools.
[bookmark: _Toc151908100]3.5. Invest SDR Model Data Inputs 
Various factors including LULC, soil, topography, climate, and management practices affect the rate of soil erosion and sediment yield in a watershed. In this study, multiple data including spatial and non spatial data were utilized. The data used in the study include watershed boundary shapefile (vector), LULC map (raster), rainfall erosivity (R-factor) raster, soil erodibility (K-factor) raster, DEM (raster), biophysical table (CSV C-factor and P-factor), threshold flow accumulation, Borselli K parameters, Borselli ICo parameters and Maximum SDR value,. All the raster and vector data were projected to UTM, datum WGS84 zone 37 N.
[bookmark: _Toc151908101]3.5.1. Watershed Boundary 
A shapefile of the Maybar watershed was one of the input data to InVEST model. It was extracted from DEM using ArcGIS 10.3.1 and used to determine the boundaries of the watershed
[bookmark: _Toc151908102]3.5.2. LULC Data 
 The InVEST sediment delivery ratio model requires a raster LULC dataset with an integer LULC code for each cell. The LULC dataset was extracted from the Landsat image of 1990, 2000, 2010 and 2020 years which was downloaded from the USGS website (https://earth.explorer.usgs.gov). The LULC dataset was then created by employing supervised image classification using the maximum likelihood algorithm. 
[bookmark: _Toc151908103]3.5.3. Rainfall erosivity factor (R)
The erosivity factor was calculated by using (Hurni, 1985), and derived from spatial regression analysis for Ethiopian highlands, based on the available mean annual rainfall (P). Fifteen year data of monthly and annual rainfall were obtained from four meteorological stations in and around the watershed (Dessie, Kombolcha, Albuko and Maybar). Therefore, the mean annual rainfall data at each station was used the Inverse Distance Weighted (IDW) interpolation technique in Arc GIS 10.3.1 to create spatial raster map. The IDW geostatistical interpolation method was preferred because it makes easier to generate relatively accurate rainfall data from known sample points located at closer distances than those located far from the points of unknown values. The method was also selected for the reason that it enables better interpolation of the required (Li and Heap, 2008). The interpolated R factor was used as input for the model.
      R= (0.562*P) - 8.12 -------------------------------------------------------------------- (6) 
[bookmark: _Toc140037127]Where R = the factor of erosivity and P = the mean annual precipitation in mm/year
[bookmark: _Toc152878332]Table3.3. The mean annual rainfall and corresponding R-factor
	
Satiation
	X
	Y
	Mean annual rainfall 2006-2020 year
	
R-factor

	
	(Easting)
	(Northing)
	
	

	Dessie
	569203
	1232529
	1333

	741

	Kombolcha
	578375
	1225307
	1207

	670

	Albuko
	570558
	1202565
	1503.8

	837

	Maybar
	571891
	1215702
	1448

	806
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[bookmark: _Toc148199749]Figure 3. 2. Location of rain gauge stations in and around the study watershed
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[bookmark: _Toc148199750]Figure 3 .3. The R-factor maps of the study watershed

[bookmark: _Toc151908104]3.5.4.. Soil Erodibility Factor (K)
One of the requirements for InVEST model is soil erodibility data. Soil erodibility is the soil susceptibility to erosion (Renard et al., 1997; Farhan and Nawaiseh 2015; Panagos et al., 2015). The K-factor reveals the ease with which the soil is removed by splash and surface flow. It also indicates the effect of soil properties on soil loss and the susceptibility of soil to erosion. Literature reveals that various approaches have been used by scholars to determine erodibility of soil depending on data availability (Hurni 1985; Römkens et al., 1997). For instance, a study by (Hurni, 1985) indicated that the K-factor can be determined depending on soil texture, organic matter content, permeability, grain size distribution, and other factors. In the present study, due to the paucity of data, a soil map was obtained from the geology is Volcanic Trapp series with alkali-olivine basalts Ethiopian map agency ( (SCRP, 2000) and K-values were assigned based on the recommendation of Hurni (1985) The soil of the catchment is mainly dominated by Eutric Leptosols which accounts 71.4% of the whole watershed while the remaining is Eutric Regosol 19.1% and Eutric Vertisols 9.5% (Table 4). 
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[bookmark: _Toc148199751]Figure3. 4. Soil types (a) and K-factor (b) maps of the study watershed
[bookmark: _Toc152878333]Table3.4. The soil types and the corresponding K-values recommended by Hurni (1985)
	Soil type
	Area
	K-value
	Reference 

	
	ha
	%
	
	

	Eutric Leptosols
	83
	71.4
	0.2
	Hurni (1985)

	Eutric Regosol 
	22.17
	19.1
	0.2
	

	Eutric Vertisols
	11.1
	9.5
	0.15
	

	Total
	116.27
	100
	
	


[bookmark: _Toc151908105]3.5.5. Topographic (LS) Factor
The 30 m spatial resolutions ASTER DEM (Aster digital elevation model) were used to generate slope. The flow accumulation and slope steepness was computed from the DEM using Arc GIS 10.3.1. Flow Accumulation was derived after conducting Fill and Flow Direction processes by using Arc Hydro tools, in the GIS software. Flow accumulation and slope maps were multiplied Raster Calculator in Arc GIS 10.3.1 to calculate and map the slope length (LS factor) as suggested by Moore and Burch (1986 a & b), and employed by Abate Shiferaw (2011a), Prasannakumar et al. (2012), Nigussie Haregeweyn et al. (2017), Ostovari et al. (2017) and Mengesha Zerihun et al. (2018). 
LS = (Flow Accumulation*Cell size / 22.13)0.4*(Sin slope / 0.0896)1.3 ------------ (7)
Where, cell size is the resolution of the ASTER GDEM (here 30 m), S is the slope gradient (in degree)
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[bookmark: _Toc148199752]Figure 3.5. The slope (in degree) (a) and LS-factor (b) maps of the study watershed
[bookmark: _Toc151908106]3.5.6. Biophysical CSV Table
 For the calculation of erosion and sediment yield a CSV table containing data on cover management C_factors and support practice P_ factors corresponding to each of the LULC classes was required. In the table, rows were LULC classes and columns were named as lucode, RUSLE_C or P in which they represent land use code, land cover and management factor, and support practice factor respectively. The lucode was land use code of a unique integer for each LULC class which was matched to the LULC raster input.
[bookmark: _Toc151908107]3.5.7. Land Use/Land Cover Management Factor (C‑Factor)
The RUSLE_C values indicate how the covers of the land types (such as cultivated land, dense forestry, etc.) affect soil loss (Renard et al. 1997; Nigussie Haregeweyn et al., 2017). Determining RUSLE_C values entails data related to soil management conditions, the nature of plant canopy and crop residues as a soil cover, soil surface roughness and the level of soil moisture. However, estimating each of these parameters was difficult due to the paucity of data (Renard et al., 1997; Farhan and Nawaiseh, 2015). In most cases LULC map and Normalized Diference Vegetation Index (NDVI) are used for RUSLE_C value estimation (Karaburun 2010; Lin et al., 2017). In this study the LULC map approach was selected since it gives a comparatively precise RUSLE_C value than the NDVI (Lin et al., 2017). To assign RUSLE_C values for each LULC class, the raster data was converted to vector format using Arc GIS10.3.1 the RUSLE_C values were assigned based on literature suggestions for the highlands of Ethiopia. (Benavidez et al., 2018) recommends that a simpler method of determining the RUSLE_C values is using values from studies that have reported values for similar LULC or from studies conducted in the same local area or region. However the definition of LULC type differs between studies. Identifying the variation between LULC classifications before applying RUSLE_C values from the studies was important. Hence to reduce uncertainty in the estimated values of RUSLE_C values from those studies that have similar LULC classifications were adopted. Finally, the adopted values were found to be floating point values between 0 and 1.
[bookmark: _Toc152878334]Table3.5. Adopted values of RUSLE C_ factor for different LULC classes
	No 
	LULC  type
	RUSLE_C values 
	Reference 

	1
	Cultivated land
	0.5
	 (Yang et al., 2003; Theobald et al., 2010)

	2
	Dense forest
	0.001
	Hurni (1985), Reusing et al. (2000), Morgan (2005), Mengesha Zerihun et al. (2018)

	3
	Grazing land
	0.05
	 (Hurni 1985; Woldeamlak Bewket and Ermias Teferi 2009)

	4
	Open forest
	0.014
	 Wischmeier and Smith (1978); Abate Shiferaw (2011a); Habtamu Sewnet and Amare Sewnet (2016); Desalew Meseret and Bhat (2017); Temesgen Gashaw et al. (2017a)

	5
	settlement
	0.003
	
Kayet et al. (2018)
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[bookmark: _Toc148199753]Figure 3. 6. The C-factor maps of the study watershed in 1990 (a), 2000 (b), 2010 (c) and 2020(d) years.
[bookmark: _Toc151908108]3.5.8. Support Practice Factor (P-Factor)
The P-factor represents the role of conservation practices in reducing erosion (Wischmeie et al., 1978). The value of P-factor is between 0 and 1. In general, 1 is assigned to areas without protection measures (Temesgen Gashaw et al., 2019, Adornado et al., 2009), and a minimum value close to 0 is given for areas with suitable protection measures. Therefore, the lower the P value is the more effective the protection against erosion is (Prasannakumar et al., 2012). A review of the RUSLE model by Benavidez et al., (2018) emphasized that the P-factor could also be estimated using sub factors. The difficulty of accurately mapping supporting practice factors or not observing support practices has led many studies to ignore it by setting the value of its P-factor to 1, as seen in other studies (Marondedze, A.K. and Schütt, B., 2020, Temesgen Gashaw et al., 2019, and Adornado et al., 2009). However In this study, there was only a small area that has been left untreated with conservation structures through the agricultural extension campaign of the government. However, the conservation structures are poorly implemented due to their top-down approach. Considering the lack of data in the area on permanent management factors, the P values, suggested by Hurni (1985), Wischmeier and Smith (1978) and Sharma et al. (2011) that considers only two types of land uses (agricultural and nonagricultural) and land slopes, were used in this study (Table 3.6). In this study, the classifcation statistics in ArcGIS calculated the mean P value of 0.5.
[bookmark: _Toc152878335]Table3.6. Adopted values of RUSLE P-factor for different LULC classes
	Land use
	Slope Catagories
	P-factor values
	References

	Cultivated lands
	0-5
	0.10
	Wischmeier and Smith (1978) and Hurni (1985)


	
	5-10
	0.12
	

	
	10-20
	0.14
	

	
	20-30
	0.19
	

	
	30-50
	0.25
	

	
	50-100
	0.33
	

	Other land uses
	All
	1
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[bookmark: _Toc148196744]
[bookmark: _Toc148199754]Figure 3 .7. The P-factor maps of the study watershed 
[bookmark: _Toc151908109]3.6. Model Structure
InVEST sediment yield model helps the mapping and quantification of annual soil erosion and sediment export in a watershed. It calculates soil erosion and sediment delivery in a spatially explicit manner working at the spatial resolution of the input DEM raster. For each cell of the output data, the model primarily calculates the amount of eroded soil and then computes the sediment delivery ratio (SDR)  which is the amount of soil loss that reaches a watershed’s outlet (Sharp et al., 2018). The approach was developed by Borselli et al., (2008) and has received increasing attention in recent years (Cavalli et al., 2013; López-vicente et al., 2013)
[bookmark: _Toc151908110]3.7. Annual Soil Erosion 
To determine the amount of annual soil loss on pixel (t/ha/year), the model uses the RUSLE (Sharp et al., 2018). The equation estimates water caused soil loss for varying climatic, soil, and topographic conditions. Since its development, RUSLE has been continuously improved to more precisely calculate soil loss and to adapt to a varying range of geographic areas. The equation is widely applied and is explained by the following equation (Renard et al., 1997).
     RUSLE = R∗K∗LS∗C∗P --------------------------------------------------------------- (8)
Where RUSLE is the mean annual soil loss in t /ha/year, R is the rainfall erosivity in millimeter per hectare per hour per year (mm/ ha/year). which is derived from daily precipitation data; K is the soil erodibility factor in (t/ ha/ hour/year) which is derived from data on soil types; LS is the slope length-gradient factor which is the length of the slope and percent of the slope steepness derived from DEM (dimensionless); C is the land cover and management factor (dimensionless) which is derived from LULC classification of satellite image data; and P is the support practice factor which accounts for soil erosion control measures (dimensionless) derived from LULC classification of satellite image data.
[bookmark: _Toc151908111]3.8. Annual Sediment Export 
The sediment export is the proportion of soil loss reaching the nearby streams (Sharp et al., 2018). The model estimates the exported sediment based on the work by (Borselli et al., 2008). Since the estimation of SDR at each pixel is determined by the upslope area and down slope flow path, the model first computes the connectivity index (IC) which is given by the equation no 9
IC = log10 () ------------------------------------------------------------------------------ (9) 
Dup is the upslope component and given by
Dup = CS   ------------------------------------------------------------------------------- (10)
Where C is the mean C factor of the upslope contributing area; S is the mean slope gradient of the upslope contributing area; and A is the upslope contributing area in m2 which the model delineates based on the D-infinity flow algorithm (Tarboton 1997; Sharp et al., 2018). The down slope component (Ddn) is defined as:
 --------------------------------------------------------------- (11)
where di is the length (in m) of the flow path along the ith cell based on the steepest downslope direction; Ci and Si represent the C factor and the slope gradient of the ith cell, respectively. The model determines the downslope fow path using the D-infnity fow algorithm (Tarboton, 1997; Sharp et al., 2018).
Then, the model computes the SDR ratio for a pixel i from the connectivity index (IC) based on (Vigiak et al., 2012).
  --------------------------------------------------------------- (12)
Where SDRmax is the maximum hypothetical SDR, set to an average value of 0.8 (Vigiak et al., 2012), and IC0 and k are calibration values that determine the shape of the SDR-IC relationship (increasing function) (Sharp et al., 2018).
The sediment load from a given pixel i, Ei (t/ha/year) is given by:
  -------------------------------------------------------------------------- (13)
The total sediment load from the watershed, E (t/ha/yr) is given by:                  
[bookmark: _Toc151908112]--------------------------------------------------------------------------------- (14)

3.9. Methods of Data Analysis 
The data analysis was done by using GIS software, InVEST SDR model, and Excel Before analysis, data coding of responses and analysis were make. To analyze the data obtained easily, the data were coded to GIS software and InVEST SDR software. This task involved identifying, classifying, and assigning a numeric or character symbol to data. The analysis included exploring the relationship between variables and comparing groups how they affect each other.
To analysis land use land cover change the watershed area were categorize into different LULC classes by using the supervised image classification techniques in GIS software. A confusion matrix (error matrix) was used to measure the reliability of the LULC classification and validation by using GIS software and excel by intersecting different year maps..  
To analysis or computed soil erosion and sediment yield combine the datasets and run the model, all the input data were set to the same spatial resolution, projection, and reference system. After preparing and arranging the input data all the parameters were combined using InVEST 3.8.9 model to generate final estimated values of soil erosion and sediment export.
The outputs from the InVEST sediment yield model included the amount of soil erosion, sediment eroded in the catchment, the sediment retained by the vegetation and topographic features as well as the sediment load beyond the retention capacity of the vegetation and topographic features which are delivered to a water body at an annual time scale. These outputs are important to estimate the regulatory capacity of the watershed’s LULC for soil erosion and sediment protection services, which are vital in studying the management of the lake, reservoir, and water quality in streams (Sharp et al., 2018). Finally, the spatial distribution of the estimated mean annual soil erosion and sediment export were presented using maps and tables. 
[bookmark: _Toc151908113][bookmark: _Toc59651677]3.10. Data Validation 
To test the applicability and reliability of the models, a comparison of simulated results against the observed data is necessary. Validations of the SDR model of the InVEST were undertaken by comparing the annual simulate data against observe data. These observe data (location of these gauging stations, it was obtained from Sirinka Agricultural Research Center. Model performance was evaluated using statistics recommended by Moriasi et al. (2007); Boskidis et al. (2012). The performance of the model related to sediment yield was assessed by Percent bias (PBIAS) (Moriasi et al. 2007), coefficient of determination (R2) (Legates and McCabe 1999) and RMSE-observations standard deviation ratio (RSR) (Sorooshian et al. 1993) and their performance rating statistics are presented in Table 7. The capabilities of model performance measures of R2 and RSR were reported by (Abbaspour et al. 2007; Setegn et al. 2010; Arnold et al. 2012; Fiseha et al. 2014, 2012).
R2: as a standard regression, it describes the degree of co linearity between simulated and measured sediment yield. The range of R2 lies between 0 and 1
--------------------------------- (15)
Where  is the observed value and  is the simulated value  is the mean observed and is the mean simulated value of the model for the entire evaluation time period, and n is the total number of observations.
PBIAS: Gupta et al. (1999) described PBIAS as the measure of the average trend of simulated data either to be smaller or larger from the observed counterparts. PBIAS is calculated as shown in Eq. (21). The optimal value of PBIAS is 0 and lower values represent correct model simulation. Positive and negative values indicate model underestimation and overestimation bias, respectively (Gupta et al. 1999).
  --------------------------------------------------------- (16)
RSR is the ratio of the root mean square error (RMSE) and the standard deviation of measured data (Moriasi et al. 2007) as shown in Eq. (22). RSR ranges between its optimum values of 0, which indicates model perfect simulation, to positive values.
[bookmark: _Toc140037130]----------------------------------------- (17)
[bookmark: _Toc152878336]Table3.7. Objective functions and model performance ratings for simulations of sediment yield.
	Objective Function
	value range
	Performance Classification
	References

	R2
	0.7 < R2 < 1
	Very good 
	Moriasi et al. (2007)

	
	0.6 < R2 < 0.7
	Good 
	

	
	0.5 < R2 < 0.6 
	Satisfactory 
	

	
	R2 < 0.5
	Unsatisfactory 
	

	RSR
	0.00 ≤ RSR ≤ 0.50 
	Very good 
	Moriasi et al. (2007) Boskidis et al. (2012)

	
	0.50 < RSR ≤ 0.60 
	Good 
	

	
	0.60 < RSR ≤ 0.70 
	Satisfactory 
	

	
	RSR > 0.70
	Unsatisfactory 
	

	PBIAS
	PBIAS < ±15 
	Very good 
	Moriasi et al. (2007)

	
	±15 ≤ PBIAS < ±30 
	Good 
	

	
	±30 ≤ PBIAS < ±55 
	Satisfactory 
	

	
	PBIAS ≥±55
	Unsatisfactory 
	













[bookmark: _Toc151908114]4. REULTS AND DISCUSSIONS
[bookmark: _Toc151908115]4.1. LULC Changes in the Study Watershed from 1990 to 2020 
The area coverage and proportion of LULC change for the years 1990, 2000, 2010, and 2020 are presented in Tables4.1 and Figures 4.1and 4.2. The results indicated that land use land cover of the area was changed either from one land use type to the other following increasing or decreasing pattern. Both the dense forest and homestead area were increased from 19.8% to 39.1% and 12.9% to 20.7%, from 1990 to 2020 years respectively. This change may be explained by different factors. The drivers could be changes in agricultural practices which themselves are influenced by institutional and economic factors, public policy and infrastructure growth (Counties et al., 2014). In the study area it has been observed that the involvement of different governmental and nongovernmental organizations in the integrated watershed development was high. Moreover improvement of infrastructure (electricity, road, health center and school), plantation forest, and house building were increased.
Watershed interventions could increase the vegetative index or greenery and income thus reduce poverty. More over improvement of infrastructure such as electricity, road, health center and school may be reduction of migration from the watershed to other areas mostly to urban areas (Pathak et al., 2013). Therefore reduction of migration and improving livelihood strategy is the means of increasing the settlement area. The result is in line with In most parts, old agricultural lands that exhausted crop production potential are abandoned to area enclosure as well as tree planting is the means of increase dense forest and decrease the cultivated land (Gete .Zeleke, 2000, Woldeamlak Bewket, 2003, Amare. Bantider, 2007, Githui et al., 2009, Abate Shiferaw, and Singh, K.L., 2010, Ermias Teferi et al., 2010, Wagner et al., 2013, Abonesh, Tesfaye et al., 2014, Wagesho, 2014). Our finding also agreed with this reports.
The result is also consistence with the findings of the aforementioned studies in different parts of the country, (Amare Bantider et al., 2011) reported the expansion of forest area and shrub land and the decline of the area of cropland since the mid-1980s in the Eastern Escarpment of Wollo, Northeastern Ethiopia. (Asmamaw, L.B et al., 2011) have also shown the expansion of forest land during the study period between 1958 and 2006 in Gerado Catchment of Northeastern Ethiopia.
In contrast, the result shows that that cultivated land were gradually decreased from 25.51% in 1990% to 20.8% in 2010 and somewhat increase in 2020 to 22%., open forest and grazing land is decreased 31.47% to 16.5% and 10.32% to 1.7%, from 1990 to 2020 study years respectively
During the field visit, at the time of land use classification it has been observed that most previous cultivation land, grass land and open forest land were changed to a plantation dense forest and settlement land. This might be due to the benefits of forest is more than other in the area for its multiple uses including cash income. Similarly, the study also conducted on landuse land cover that resulted in a slight increase in the proportion of dense forestland, while cultivated land, grass land and open forests have decreased (Dessie, Assefa et al., 2017; Gebremedhin, Tesfaye et al., 2017; Mohajane, M., 2018). This investigation has supported most of the integrated watershed management and land use land cover change studies. In Kenya, a study in land use land cover changes over a period of 30 years reported that agricultural land reduced from 39.7% to 15.8% (Musa, M.K, 2015). The result of the present research is generally consistent with the findings of other studies in the highlands of Ethiopia.
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[bookmark: _Toc148199240][bookmark: _Toc148196893]Figure 4. 1. Land use land cover classification map of 1990; 2000; 2010 and 2020 years
[bookmark: _Toc152187255][bookmark: _Toc152878281][bookmark: _Toc152878293][bookmark: _Toc152878389][bookmark: _Toc152878572][bookmark: _Toc152878817]Table4.1. Land use land cover classification of 1990; 2000; 2010 and 2020 years   
	Lulc change
	1990
	2000
	2010
	2020

	
	Area  (ha)
	%
	Area  (ha)
	%
	Area  (ha)
	%
	Area  (ha)
	%

	Cultivated land
	29.67
	25.51
	27.2
	23.4
	24.22
	20.8
	25.63
	22

	Dense forest
	23
	19.8
	29.31
	25.2
	42.65
	36.68
	45.44
	39.1

	Grazing laand
	12
	10.32
	6.4
	5.5
	3
	2.58
	2
	1.7

	Open forest
	36.6
	31.47
	32
	27.5
	24
	20.64
	19.2
	16.5

	Home stead
	15
	12.9
	21.36
	18.4
	22.4
	19.3
	24
	20.7

	Total
	116.27
	100
	116.27
	100
	116.27
	100
	116.27
	100





[bookmark: _Toc148199241]Figure 4. 2. Land use land cover
[bookmark: _Toc151908116]4.1.1. Accuracy of the Classified Images 
The accuracy report of the four classified images is shown in table 4.2. The diagonals of the matrix are the correctly classified values while the off diagonals are the misclassified values. The overall accuracy of the classification is 87.5, 88, 90% and 90.5% for the period 1990, 2000, 2010 and 2020 respectively. A Kappa coefficient of above 0.80 was also obtained for the four classified images. According to Monserud (1990), a Kappa value between 0.70 and 0.85 are generally rated as very good. Therefore, in this study the validation data set indicated a very good agreement of the classified image with the ground truths.
[bookmark: _Toc152878282][bookmark: _Toc152878294][bookmark: _Toc152878390][bookmark: _Toc152878573][bookmark: _Toc152878818]Table4.2. Accuracy assessment in percent % of lulc change map of each year
	Lulc class
	1990
	2000
	2010
	2020

	
	user
	Producer
	user
	producer
	user
	producer
	user
	producer

	Cultivation
	91.1
	94.8
	87.6
	95
	94.33
	89.28
	94
	85.45

	Dense forest
	80
	91.4
	90
	90
	88.33
	94.64
	84.37
	98.1

	Grass land
	90
	78
	84
	77.7
	86.6
	76.4
	100
	100

	Open forest
	90.7
	86.7
	90
	85.7
	94.2
	89.09
	94.1
	61.5

	Home stead
	73.3
	68.7
	80
	80
	75
	93.7
	89.31
	100

	Over all
	87.5
	88%
	90%
	90.5

	Kappa
	83.5
	83.97%
	86.77%
	87.68


Accuracy assessment was performed for the years 1990, 2000, 2010, and 2020, based on Land-use land cover change maps, Google earth pro at different times of the year, and knowledge of the local community. The classified results of 80% are acceptable; this accuracy is within specified as minimum accuracy standards by the USGS. The results from accuracy assessment showed an overall accuracy in acceptable ranges which are 87.5%, 88%, 90%, and 90.5% with corresponding kappa statistics of 83.5%, 83.97%, 86.77%, and 87.68% for the year 1990, 2000, 2010, and 2020 respectively (Table 4.2) and the overall accuracy results of these study was accurate which is a satisfactory accuracy standard for such assessment (Varamesh, S., Hosseini, S.M. and Rahimzadegan, M., 2017). 
[bookmark: _Toc151908117]4.2. Land Use Land Cover Change Detection 
The changes in land use land cover in hectar and percentage over a three decadal period (Table 4.3 and figure 4.3) indicated that dense forest and homestead positively changed. While grassland and open forest showed negative change throughout the whole study period. On the other hand, some fluctuation on the cultivation land in 2010–2020 land use cover classes has increased however, its general trend shows negatively changed.
According to Amare Sewnet, (2015), in the northwestern Ethiopia, in treated watershed bush lands were lost and occupied by cultivated lands and forest covers and due to the population growth, the settlement area also increased. Contrary to this there are reports of decreased forest area in untreated watersheds. A case in point is a study in Wallecha Watershed in the Bilate River Basin in Wolayita Zone; the general trend was a decrease in forest lands and shrub grasslands while cultivated lands were increasing (Babiso, B., Toma, S. and Bajigo, A., 2016).
[bookmark: _Toc152187257][bookmark: _Toc152878283][bookmark: _Toc152878295][bookmark: _Toc152878391][bookmark: _Toc152878574][bookmark: _Toc152878819]Table4.3. Land use and land-cover change detection 
	Lulc change
	1990-2000
	2000-2010
	2010-2020

	
	Area  (ha)
	%
	Area  (ha)
	%
	Area  (ha)
	%

	Cultivated land
	-2.47
	-8.32
	-2.98
	-10.9
	1.41
	5.8

	Dense forest
	6.31
	27.4
	13.34
	45.5
	2.79
	6.5

	Grazing land
	-5.6
	-46.6
	-3.4
	-53.1
	-1
	-33.3

	Open forest
	-4.6
	-12.56
	-8
	-25
	-4.8
	-20

	settlement
	6.35
	42.4
	1.04
	4.86
	1.6
	7.1




[bookmark: _Toc148199242]Figure 4.3. Land use land cover detection
[bookmark: _Toc151908118]4.3. Analyses of LULC Conversions
The conversions taken place to and from one LULC category to another during 1990 to 2000, 2000 to 2010 and 2010 to 2020 periods are presented in Table 4.4, 4.5 and 4.6. The diagonals of the matrix from the tables are the persistence while the off diagonals are the conversions from one category to the others. The change detection analyses indicated the significant conversions in LULC in both periods.
[bookmark: _Toc151908119]4.3.1. Conversions between 1990 and 2000
In these periods, 8.9 ha, 0.8ha, 5.97 ha, 1.7ha and 2.76ha, 3.64ha, 7ha, 1.5ha of cultivated land were converted to and converted from  dense forest, grassland, open forestland and settlement area, respectively. During these times, 2.76ha, 0.46ha, 2.55ha, 0.03ha and 8.9, 1.56ha, 1.5ha, 0.15ha, of dense forest land was also converted to and converted from cultivated land, grassland, open forestland and settlement area respectively. Although some proportion 3.64ha, 1.56ha, 3ha, 1.4ha and 0.8ha, 0.46ha, 2.7ha, 0.04ha of the grazing land area were also converted to and converted from cultivated land, dense forest land, open forestland and settlement area, respectively. On the other hand 7ha, 1.5ha, 2.7ha, 9.4ha and 5.97ha, 2.55ha, 3ha, 4.48ha of open forest land was converted to and converted from cultivated land, dense forest land, grazing land and settlement area respectively. In this year 1.5ha, 0.15ha, 0.04ha, 4.48ha and 1.7ha, 0.03ha, 1.4ha, 9.4ha of settlement area was also converted to and converted from cultivated land, dense forest area, grazing land and open forest areas respectively. 
[bookmark: _Toc152187258][bookmark: _Toc152878284][bookmark: _Toc152878296][bookmark: _Toc152878392][bookmark: _Toc152878575][bookmark: _Toc152878820]Table4.4. Transition area matrix in hectare between 1990 to 2000 periods in the maybar watershed
	1990
	2000

	
	

	
	cultivated
	dense forest
	grazing land
	open forest 
	settlement
	Total

	Cultivated
	12.3
	8.9
	0.8
	5.97
	1.7
	29.67

	dense forest
	2.76
	17.2
	0.46
	2.55
	0.03
	23

	grazing land
	3.64
	1.56
	2.4
	3
	1.4
	12

	open forest 
	7
	1.5
	2.7
	16
	9.4
	36.6

	Settlement
	1.5
	0.15
	0.04
	4.48
	8.83
	15

	Total
	27.2
	29.31
	6.4
	32
	21.36
	116.27


[bookmark: _Toc151908120]4.3.2. Conversions between 2000 and 2010 
In these periods, 9.38 ha, 0.04ha, 3.77 ha, 2.51ha and 3.15ha, 0.5ha, 5.6ha, 3.47ha of cultivated land were converted to and converted from dense forest, grassland, open forestland and settlement area, respectively. During these times, 3.15ha, 0.11ha, 1ha, 0.1ha and 9.38ha, 1.06ha, 5.9ha, 1.36ha, of dense forest land was also converted to and converted from cultivated land, grassland, open forestland and settlement area respectively. Although some proportion 0.5ha, 1.06ha, 1.7ha, 1.4ha and 0.04ha, 0.11ha, 0.57ha, 0.14ha of the grazing land area were also converted to and converted from cultivated land, dense forest land, open forestland and settlement area, respectively. On the other hand 5.6ha, 5.9ha, 0.57ha, 6.47ha and 3.77ha, 1ha, 1.7ha, 4.06ha of open forest land was converted to and converted from cultivated land, dense forest land, grazing land and settlement area respectively. In this year 3.47ha, 1.36ha, 0.14ha, 4.06ha and 2.51ha, 0.1ha, 1ha, 6.46ha of settlement area was also converted to and converted from cultivated land, dense forest area, grazing land and open forest areas respectively.
[bookmark: _Toc152187259][bookmark: _Toc152878285][bookmark: _Toc152878297][bookmark: _Toc152878393][bookmark: _Toc152878576][bookmark: _Toc152878821]Table4.5. Transition area matrix in hectare between 2000 to 2010 periods in the maybar watershed
	2000
	2010
	 

	
	cultivated
	dense forest
	grazing land
	open forest 
	Settlement
	Total

	Cultivated
	11.5
	9.38
	0.04
	3.77
	2.51
	27.2

	dense forest
	3.15
	24.95
	0.11
	1
	0.1
	29.31

	grazing land
	0.5
	1.06
	2.14
	1.7
	1
	6.4

	open forest 
	5.6
	5.9
	0.57
	13.47
	6.46
	32

	settlement
	3.47
	1.36
	0.14
	4.06
	12.33
	21.36

	Total
	24.22
	42.65
	3
	24
	22.4
	116.27


[bookmark: _Toc151908121]4.3.3. Conversions between 2010 and 2020
In these periods, 3.72 ha, 0.1ha, 2.4 ha, 8ha and 8ha, 0.3ha, 4.83ha, 2.5ha of cultivated land were converted to and converted from  dense forest, grassland, open forestland and settlement area, respectively. During these times, 8ha, 0.07ha, 3ha, 4.58ha and 3.72ha, 0.44ha, 5.98ha, 8.3ha, of dense forest land was also converted to and converted from cultivated land, grassland, open forestland and settlement area respectively. Although some proportion 0.3ha, 0.44ha, 0.8ha, 0.12ha and 0.1ha, 0.07ha, 0.29ha, 0.2ha of the grazing land area were also converted to and converted from cultivated land, dense forest land, open forestland and settlement area, respectively. On the other hand 4.83ha, ha, 5.98ha, 0.29ha, 4.9ha and 2.4ha, 3ha, 0.8ha, 5ha of open forest land was converted to and converted from cultivated land, dense forest land, grazing land and settlement area respectively. In this year 2.5ha, 8.3ha, 0.2ha, 5ha and 8ha, 4.58ha, 0.12ha, 4.9ha of settlement area was also converted to and converted from cultivated land, dense forest area, grazing land and open forest areas respectively. 
[bookmark: _Toc140037132][bookmark: _Toc152187260][bookmark: _Toc152878286][bookmark: _Toc152878298][bookmark: _Toc152878394][bookmark: _Toc152878577][bookmark: _Toc152878822]Table4.6. Transition area matrix in hectare between 2010 to 2020 periods in the maybar watershed
	2010
	2020
	 

	
	Cultivated
	dense forest
	grazing land
	open forest 
	settlement
	Total

	Cultivated
	10
	3.72
	0.1
	2.4
	8
	24.22

	dense forest
	8
	27
	0.07
	3
	4.58
	42.65

	grazing land
	0.3
	0.44
	1.34
	0.8
	0.12
	3

	open forest 
	4.83
	5.98
	0.29
	8
	4.9
	24

	Settlement
	2.5
	8.3
	0.2
	5
	6.4
	22.4

	Total
	25.63
	45.44
	2
	19.2
	24
	116.27



[bookmark: _Toc151908122]4.4. Soil erosion and sediment export in the maybar watershed
[bookmark: _Toc151908123]4.4.1. Soil erosion
Understanding the level of soil erosion and sediment export are important for science based sustainable management of natural resources in a watershed. The study found that the mean soil loss from the watershed was ranges from 21.06-28.86 t/ ha/year which is 28.86, 25.12, 21.06 and 26.16 t/ha/year, in the study period 1990, 2000, 2010 and 2020 years respectively. The soil loss is decreasing during the study period 1990, 2000 and 2010 because it may be due to the implementing of extensive soil and water conservation measures through community lead watershed management and initiatives such as Productive Safety Net Programs (PSNP), community mobilization through free labor days, and the Sustainable Land Management Project (SLM). Mainly the implementation includes terracing, soil and stone bund, and biological conservation measures. These interventions are further supported by the agricultural extension system and community participation. This mass movement of Soil Water Conservation (SWC) highlights significant progress in land management practices in the study area. However, to achieve sustainable ecosystem services conservation, continuing maintenance of structures and the consistent application of a scientific methodology are necessary. The other reason may be due to shift from baseline to intensive cultivation land management, and using these areas for area enclosure and planting tree. But in 2020 soil loss indicates increased this may be due to farmers participation on integrated watershed management is decrease, the government attention is focused on other political situation, increasing of cultivated land and previous work is destroyed.  
The result  is consistency with the previous report Geleda watershed Blue Nile Basin, Ethiopia 23.7 t/ha/year RUSLE (Temesgen Gashaw et al.,  2017a), Upper Blue Nile basin 27.5 t/ha/year RUSLE (Nigussie Haregeweyn et al., 2017), Jabi Tehinan watershed 30.4 t/ha/year RUSLE (Tadesse Amsalu and Abebe Mengaw, 2014), eastern escarpment of Wondo Genet watershed 26 t/ha/year RUSLE (Amare Sisay et al., 2014), Borena Woreda of South Wollo highlands, 27 t/ha/year RUSLE (Abate Shiferaw, 2011) and Ethiopian highlands 35 t/ha/year USLE (FAO, 1986) and (Nigussie Haregeweyn et al., (2015)  who reported the average soil erosion rate in Ethiopia to be 29.9 t/ha/ year.  
Overall, compared to the soil loss estimated values in this study, the figures in the literature have disparity and inconsistency. Such disparity may arise from the use of different methods and the variations in the biophysical environment and management practices. The estimated soil loss value is higher compared to the soil formation rates of different places in Ethiopia, which were estimated to be in a range of 2–22 t/ha/year (Hurni, 1983). Besides, the value is higher compared to the soil loss tolerance limit in Ethiopia, which was suggested by Hurni, (1986) to be in a range of 2–18 t/ha/year on agricultural lands, and which was estimated by Morgan (1995) to be 10 t/ha/ year . Moreover, the value is higher than the soil loss rate that can be reversed within a time span (Kouli et al., 2009) reported that an erosion rate which is above 10 t/ha/ year will not be reversed within a period of 50 to 100 years.
[bookmark: _Toc140037133][bookmark: _Toc152187261]However, the computed erosion rate in the watershed is less than the highest rates of erosion in Ethiopia which were reported by Gete Zeleke, (2000) in northwestern highlands of Ethiopia 243 t/ha/year, (Mesfin Sahle et al., 2019) in the Wabe River catchment 165 t/ha/year, and (Nigussie Haregeweyn et al., 2015) in Anjeni 110 t/ha/year and Chemoga 102 t/ha/year watersheds in Ethiopia. 

[bookmark: _Toc152878287][bookmark: _Toc152878299][bookmark: _Toc152878395][bookmark: _Toc152878578][bookmark: _Toc152878823]Table4.7. The total soil erosion and mean soil erosion rated of entire watershed during 1990-2020 periods.
	year
	Mean annual soil erosion rate t/ha/year

	
	Cultivated land 
	Dense forest land
	Grazing land
	Open forest 
	Settlement land
	Entire watershed

	1990
	68
	14
	27
	18
	7
	28.9

	2000
	44
	14
	25.5
	29
	12
	25.12

	2010
	70
	5.5
	16
	16.8
	8
	21.06

	2020
	86
	3
	24.5
	17
	18
	26.16



[image: ]
[bookmark: _Toc148199243][bookmark: _Toc140037134]Figure 4. 4. Soil loss map of each land use t/ha/year
In connection with LULC, the study indicated a considerable effect of the type of LULC on the extent of soil erosion in the maybar watershed. The highest contribution to the total soil loss in the watershed was from cultivated land. The reasons of higher soil loss in cultivated land may be due to poor farming practices, like burning of cow dung and crop residues (instead of leaving them on the field), poor soil management or use of no farm inputs, were identified as a major cause of high soil erosion in cultivated land. 
The result of cultivated land mean soil loss is 68, 44, 70 and 86 t/ha/year in 1990, 2000, 2010 and 2020 year respectively which is in between with the soil erosion assessment in the northwestern highland, Chemoga watershed reported mean soil loss of cultivated land 93 t/ ha/year (Woldeamlak Bewket and Ermias Tefer, 2009), Similarly a study conducted in Koga watershed reported mean soil erosion rate of 47.4 t/ha/year (Habtamu, Sewnet Gelagay, 2016). In this regard, the result is comparable to studies which were conducted in other catchments which found cultivated has the highest contribution to a watershed’s soil loss (Sharma et al., 2011; Asnake Yimam and Amare Bantider 2019). Abreham Berta et al. (2020) reported mean soil loss of 80 t/ha/ year from cultivated fields in the Ethiopian highlands 
[bookmark: _Toc140037135]Conversely, the lowest mean soil loss was obtained in dense forest land and settlement area which is 0.83 5, 4, 8 and 2, 3, 3, 5 t/ha/year in 1990, 2000, 2010 and 2020 periods respectively. Major effects of vegetation in reducing erosion are may be due interception of rainfall by absorbing the energy of the raindrops and thus reducing surface sealing and runoff, retardation of erosion by decreased surface velocity, physical restraint of soil movement, root regulating capacity of the vegetation, increased biological activity in the soil and transpiration, which decrease soil water, resulting in increased storage capacity and less runoff.
[bookmark: _Toc152187262][bookmark: _Toc152878288][bookmark: _Toc152878300][bookmark: _Toc152878396][bookmark: _Toc152878579][bookmark: _Toc152878824]Table4.8. The contributions of eache LULC type to the total soil loss in the study watershed during 1990-2020 periods. 
	year
	soil loss (tones)

	
	Cultivated land 
	Dense forest land
	Grazing land
	Open forest 
	Settlement land
	total

	1990
	2017
	322
	324
	658.8
	105
	3426.8

	2000
	1196.8
	410.3
	163.2
	928
	256.3
	2954.6

	2010
	1695.4
	234.5
	48
	396
	179
	2575.9

	2020
	2204
	136
	49
	326
	432
	3147

	
	Percent%

	1990
	59
	9.4
	9.4
	19.2
	3
	100

	2000
	40.5
	13.9
	5.5
	31.4
	8.7
	100

	2010
	66
	9
	2
	16
	7
	100

	2020
	70
	4.1
	1.5
	10.4
	14
	100


[bookmark: _Toc151908124]4.4.2. Sediment export 
Sediment export is the sediment beyond retention capacity of the vegetative cover and management practices that has the potential to reach the nearby streams. It is the sediment amount that can be compared to any observed sediment loading at the outlet of a watershed. For estimating the sediment export in each cell, the model first computes the amount of eroded sediment, then the sediment delivery ratio (SDR), which is the amount of soil loss that actually reaches the nearby streams and outlet of the watershed.
The result revealed that the computed total annual sediment export from the watershed was 226,690.3 tons. The mean annual sediment export from the watershed was in a range of 3.6 to 6.4 tons which is 6.4, 4.8, 3.6 and 5.07 t/ha/ year in 1990, 2000, 2010 and 2020 period respectively. The sediment export is decreasing during the study period 1990, 2000 and 2010 because it may be due to the implementing of different soil water conservation measures this finding was consistent with some similar studies, which also showed a decline in sediment yield due to land use change and soil conservation projects (Chu et al., 2009; Liu et al., 2013).
The result is consistence with previous report by Nyssen et al., (2007) northern Ethiopian highlands MayZegzeg catchment 5.6 t/ha/year sediment yield. It is also comparable to other sediment yield estimations in Ethiopia. For instance, (Nigussie Haregeweyn et al.,  2012) estimated a 2 to 19 t/ ha/year of sediment export from 14 micro dam watersheds in northern Ethiopia. (Sahle et al., 2019) also identified a sediment export of 0–33 t/ha/year from the Wabe River catchment of the Gibe basin. The estimated sediment export value was comparatively low to the reported figures. This is likely due to the remarkable difference in the climate, elevation, terrain, drainage density, soil types and conditions, geology, sizes of the watershed, and LULC between the study areas. However, field observations indicate that mass of soil materials that were removed from steep slopes of the watershed have been accumulated in downstream areas. Such exported sediment created problems of lake sedimentation, pollution of water bodies, and sediment deposition on the active agricultural lands.
[bookmark: _Toc152187263][bookmark: _Toc152878289][bookmark: _Toc152878301][bookmark: _Toc152878397][bookmark: _Toc152878580][bookmark: _Toc152878825]Table4.9. The total sediment export and mean sediment export of entire watershed during 1990-2020 periods.
	year
	Mean annual sediment yield t/ha/year

	
	Cultivated land 
	Dense forest land
	Grazing land
	Open forest 
	Settlement land
	Entire watershed

	1990
	15
	3.5
	6
	3.4
	1.5
	6.4

	2000
	8.28
	2.6
	5.2
	5.54
	2.2
	4.8

	2010
	11.2
	1
	2.3
	3
	1.15
	3.6

	2020
	16.45
	0.5
	4.3
	3.1
	3.21
	5.07



[image: ]
[bookmark: _Toc148199244]Figure 4. 5. Sediment export map of each land use t/ha/year
Similar to the result observed in the spatial distribution of soil loss, variation of sediment export was observed with different LULC classes. From the total sediment that reaches the surrounding water bodies, the highest contribution was from cultivated land 40.7% (Table 12). However, the highest sediment export per unit of area (ha) was observed also from cultivated land.
The estimated sediment export along the LULC classes was also in line with the results obtained in the spatial distribution of the soil loss. The result revealed that the highest contribution to the total sediment export comes from cultivated lands. The result conforms to the findings of (Nigussie Haregeweyn et al., 2015) who found higher sediment export from cultivated lands. This is may be likely associated with the cultivation of steep slopes, intensive plowing and mono cropping practices, and poor land management activities. Hence, the result gives a reason to suggest the need for promoting sustainable land management practices on steep slopes in the watershed.
[bookmark: _Toc152187264][bookmark: _Toc152878290][bookmark: _Toc152878302][bookmark: _Toc152878398][bookmark: _Toc152878581][bookmark: _Toc152878826]Table4.10. The contributions of eache LULC type to the total sediment export in the study watershed during 1990-2020 periods. 
	year
	Sediment export (tones)

	
	Cultivated land 
	Dense forest land
	Grazing land
	Open forest 
	Settlement land
	total

	1990
	445
	80.5
	72
	124.4
	22.5
	744.4

	2000
	225.2
	76.1
	33
	177
	46.9
	558.2

	2010
	271.2
	42.65
	6.9
	72
	25.76
	418.51

	2020
	421.6
	22.72
	8.6
	59.52
	77.04
	589.5

	
	Percent%

	1990
	59.78
	10.8
	9.7
	16.72
	3
	100

	2000
	40.35
	13.63
	5.91
	31.71
	8.4
	100

	2010
	64.8
	10.2
	1.64
	17.2
	6.16
	100

	2020
	71.5
	3.85
	1.45
	10.1
	13.1
	100


[bookmark: _Toc151908125]4.5. Validation of model performance 
The InVEST SDR model was validated by comparing the observed and simulated data of the sediment load. The obtained R2 value 0.79, 0.87 and 0.76 for validation period of 1990, 2000 and 2010 is very good consistency between the observed and simulated data while R2 value 0.69 for validation period 2020 periods show good consistency between the observed and simulated data, and indicates less error variance between the two data (Moriasi et al., 2007; Chaibou Begou et al., 2016; Gyamfi et al., 2016a; Tekalegn Ayele et al., 2017). PBAIS is 8.57, 17.24, 26.53 and 16.87 in 1990, 2000, 2010 and 2020 respectively which is very good performance in 1990 and good performance in 2000, 2010 and 2020 validation periode Moriasi et al. (2007). The value of RSR 0.5, 0.44, 0.18 and 0.46 the performance of the model is very good. In general, the overall performance indices obtained during the validation periods indicated a very good RSR and good R2 and PBIAS performancerate of the model the effects of LULC changes over the 1990 to 2020 periods.
[bookmark: _Toc152187265][bookmark: _Toc152878291][bookmark: _Toc152878303][bookmark: _Toc152878399][bookmark: _Toc152878582][bookmark: _Toc152878827]Table4.11. Model performance statistics for the validation periods of 1990 to 2020
	Year 
	R2
	PBIAS
	RSR

	1990
	0.79
	8.57
	0.54

	2000
	0.87
	17.24
	0.44

	2010
	0.76
	26.53
	0.18

	2020
	0.69
	16.89
	0.46

	Overall performance
	0.78
	17.3
	0.4















[bookmark: _Toc151908126]5. CONCLUSION AND RECOMMENDATION
[bookmark: _Toc151908127]5.1. Conclusion 
Land use and land cover change is a major cause of soil loss and sediment yield at watershed, regional and global scales. From the results of this study, it can be concluded that Maybar sub watershed had experienced a slight change in LULC over the past three decades. These changes in LULC have also affected the soil loss rate and sediment yield at the watershed although variations existed between the different decades. The result of land use land cover change shows that from 1990 to 2020, the proportion of dense forest and settlement land has increased slightly 19.8%, 25.2%, 36.68%, 39.1% and 12.9%, 18.4%, 19.3%, 20.7% during the study periods of 1990, 2000, 2010 and 202o respectively, while grassland and open forest land have decreased 10.32%, 5.5%, 2.58%, 1.7% and 31.47%, 27.5%, 20.64, 16.5% in 1990, 2000, 2010 and 2020 respectively. Besides, cultivated land has decreased 25.51%, 23.4% and 20.8% during 1990, 2000 and 2010 increased 22% during 2020. 
The result indicated a temporal variation in soil erosion and sediment yield due to LULC change. The mean soil erosion decreased 28.9, 25.12 and 21.06 t/ha/years for 1990, 2000 and 2010 study years respectively while increased to 26.6 t/ha/years in 2020 years where as the mean sediment yield decrease 6.4, 4.8 and 3.6 t/ha/years for 1990, 2000 and 2010 study years and increased to 5.07 t/ha/years in 2020 study periods. Soil loss and sediment export have largely increased in the cultivated land while soil losses and sediment export in the dense forest and settlement land decreased.
[bookmark: _Toc151908128]5.2. Recommendation
According to the land use land cover change result cultivated land has increased in 2020. Soil erosion and sediment yield also showed an increasing in 2020. Therefore I would like to recommend that it should be considered and solve this problem. 
· If the government concentrates on strengthening watershed institutions
· reduction in continuous cultivation in the higher altitude areas of the watershed overcome the challenges of dam siltation and ecosystem degradation in the lower part of the watershed
· Implementing proper soil and water conservation measures are highly necessary to arrest the expected increase of soil erosion and sediment yield in the study period of 2020. 
· Policy instruments need to be enforced by making a buffer zone and implementing urgent conservation activities in the watershed to prevent soil loss and sediment export to the downward dams. .
· Experts of environment, conservation, resource management and sustainability, ecology, biodiversity, and eco-system are required to develop a plan for sustainable use of the site to ensure its functions for the next generations.
· Moreover, study on the effects of land use land cover change with associated soil erosion and sediment export is one of the future recommended research areas in this watershed.
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