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[bookmark: _Toc482751397]Abstract
Environmental depletion and loss of wetland ecosystem due to soil erosion from the nearby catchment is an alarming issue because of its adverse impact on the environment that aggravated due to human pressure. This research was carried out on Tikurwuha catchment that has faced tremendous environmental problems in the last 30 years. The objective of the research was to assess the current status of soil erosion from the catchment and to detect changes on each land use /land land cover in the catchment in 1985, 2000 and 2015 time periods. The study related to estimating soil erosion from the catchment was undertaken using Revised Universal Soil Loss Equation (RUSLE) model integrating with Geographic Information System (GIS). Change in the area detected using 1985, 2000 and 2015 year satellite images. Questionnaires and focused group discussion were employed to identify major contributed factors for soil erosion in the catchment within 30 years. The result indicated that the annual soil loss in the catchment within slope classification, ranges from 0.003 to 19,886.5 t//yr and the average soil loss ranges 0.004 t/ha/yr to 13.61 t/ha/y and about 60.8% of the study area were identified to experience very low annual soil loss, whereas 21.16% of the study area experienced low annual soil losses and 18 % of the study area experienced as its high contribution for annual soil loss in the catchment. Significant change has occurred and observed in the wetland sub- catchment by analyzing three years Land sat images in the last 30 years. The areas that were covered with marsh land in 1985 were 3609.92 ha this was changed to 2441.40ha in the 2000 and this was decreased to 1651.74 ha in the 2015 and has shown 54.22% decrease from 1985 to 2015. The area that were covered with forest in 1985 was 2950.78ha and this was changed to 4409.01ha in 2000 and this was decreased to 1261.97ha in 2015 and has shown 57.14% decrease from 1985 to 2015. The area that were covered with cultivated land in 1985 was 20932ha and this increased to 31912.55 ha in 2000 and this has increased to 33080.75 ha in 2015 and it has shown 58.02% increase from 1985 to 2015.  Farmers’ attitudes were also analyzed and they replied that forest degradation, agricultural land expansion and unwise use of catchments are the main causes for the decrease of wetland areas and for the soil loss in the catchment.  

Key words: Cheleleka Wetland, GIS, Soil erosion, TikurWuha Catchment,
95

1. [bookmark: _Toc482751398]Introduction
1.1. [bookmark: _Toc482751399]Background and Justification
It is globally understood that wetlands play important role in ecological, economic, social and cultural functions. They have played a noticeable role in the growth of human civilizations and cultural development. This is true globally, where major pre-historic civilizations, including those on the Nile, Euphrates and Tigris, have emerged and developed (Finlayson and Moser, 1991). They are the link between land and water, and are some of the most productive ecosystems in the world. Some common names for different types of wetlands are swamp, marsh and bog. Depending on the type of wetland, it may be filled mostly with trees, grasses, shrubs or moss. They are variable that their appearance and boundaries fluctuate over time (Abebe and Geheb, 2003).
According to Finlayson and Moser (1991), wetlands occupy about 6 percent of the land surface of the world, or approximately 890 million ha but an estimate of 50% of world’s wetlands may have been already altered or lost in the last 50 years (Dugan, 1993). However, wetlands conservation requires an overview on their distribution and status, but in most cases not all wetlands are easily accessible and many countries lack or have insufficient capacity to assess wetland resources (Dixon, 2000). There are number of Ethiopians who depends on the wetland resources for their survival (Wood and Dixon, 2002). With the exception of coastal and marine related wetlands and extensive swamp forest complexes, all forms of wetlands are present in Ethiopia (Dixon and Wood, 2003). 
According to FAO (1984) and EPA (2004), wetlands accounts for 2% of the total land mass of Ethiopia. In Ethiopia, wetlands are distributed across different ecological ranges. The Ethiopian Rift valley wetland ecosystem is one of these ecological systems and provide ecological functions which maintain and protect nature and human systems through services such as the maintenance of water quality, flow and storage, flood control, sand storm protection, nutrient retention and micro climatic stabilization, along with the production and consumption activities that they support (Lemlem, 2003). The whole Rift valley ecosystem including its wetland drainage system and up lands is regarded as a rich strategic site for a wide variety of resident and migratory fauna population (Hillman, 1993). They have considerable socio-economic and ecological values. Wetlands support crop production, fishing and sources of medical plants among others. Ecologically, wetlands are instrumental in water storage, filtration and supply, flood control, sediment trap, nutrient and toxins retention functions and habitats for biodiversity of both flora and fauna (Abebe and Geheb, 2003). Despite all these values, Ethiopian wetlands are under severe pressure and degradation due to improper extraction and misconceptions towards  wetlands system, the health of the wetlands is continuously decreasing from time to time that in doubt their existence in the near future (Zerihun 2003; Yilma 2003). Increasing human population pressure, agricultural encroachment, intensive livestock grazing, deforestation, and construction are major threat to Ethiopian wetlands (Zeleke and Hurni, 2001; Dixon, 2002; Abunie, 2003; Desta, 2003).
Cheleleka wetland which is found in TikurWuha catchment is one among many Ethiopian important wetland resources.
The catchment and wetland areas are presently facing serious ecological problems due to deleterious anthropogenic activities in the catchment. Land use land cover change on the catchment that poses vast soil erosion and siltation on the area are serious catchment problem by clearing of forest contributed to the damage of these ecosystems by erosion (Yacob, 2010). 
The fast decline of the size of Cheleleka swamp which act as transitional storage of runoff and then feeds Lake Hawassa through TikurWuha River is explained in terms of the increasing siltation caused by alarming deforestation of the catchment. Loss of this transitional reservoir, runoff and sediments enter directly in to Lake Hawassa through TikurWuha will results in level rise for Lake Hawassa which poses problem on town and farm lands surrounding lake (WWDSE, 2001 and Yemane, 2004). Many researchers have been done considering the catchment, but intention of this study was to analyze particularly the status of wetland in this study time periods.
1.2. [bookmark: _Toc482751400] Statement of the problem
Ethiopia possesses a great diversity of wetland ecosystems (shallow lakes, rivers and streams, swamps/marshes, flood plains, reservoirs and ponds, and high mountain lakes) as a result of the formation of diverse landscape and its dynamic ecosystems which continually change natural functioning due to subsidence, drought, erosion and siltation. Natural change is normal and expected but the direct and indirect anthropogenic measures are the one considerably affecting the vital functions, values and attributes of wetlands.
The Ethiopian rift valley wetland systems are among such type of resources that have enormous environmental, socio-economic services as well as sustenance of local community in another way it facing serious problem. Cheleleka Wetland is found in Tikur Wuha catchment which has lost its function currently as a result of siltation and sedimentation due to soil erosion from the catchment.
The mountain ranges on both sides of the watershed have faced serious problems of deforestation and agricultural expansion, the impact of which accelerates the loss of biodiversity in the catchment and wetlands. These problems are the result of a combination of social, economic and climatic factors, which have increased pressure on the natural resources of the wetlands eco-system. This has resulted in degradation of watersheds, increased soil erosion, decreased water quality and caused immeasurable loss to wetland and biological diversity. These overall impacts are threat to the function and future existence of wetlands and catchment as whole (Abebe and Geheb, 2003). 
Different studies have been done previously in related to this catchment as whole like, study that links land use land/ land cover change and water and sediment yield to Tikur Wuha River, study relates degradation and deforestation of the natural vegetation cover and the continuous process of erosion in the watershed, water balance of lake Hawassa and Hydro Dynamic of the Catchment. But, no detailed study has been done particularly on the current status of wetland eco-system that links it with soil erosion impact. So, this study tries to see and detect changes in detail particularly recent status of the wetland, soil erosion status from the catchments and its impact on the wetland areas.
1.3.  Objectives of the Study
1.3.1. [bookmark: _Toc482751401]General Objective
The overall objective of this study is to assess status of soil erosion and its impact on the catchment and to detect changes on the cheleleka wetland areas.
1.3.2. [bookmark: _Toc482751402]Specific Objectives
· To estimate mean annual soil loss from the Tikurwuha catchment by using RUSLE model and its effect on the cheleleka wetland areas.
· To detect land use land cover change in the Tikurwuha catchment by using 1985, 2000 and 2015 year Landsat images.
· To investigate farmers' perceptions on influencing factors for soil erosion on the catchment and decrease of cheleleka wetland areas within 30 years from (1985-2015). 
1.4. [bookmark: _Toc482751403]Research Questions
· Is it possible to detect soil erosion on the Tikurwuha catchment with Land sat image?
· Within which year (1985, 2000 and 2015) were more significant land use land cover changes have occurred within the last 30 years in the catchment and at what magnitude?
· What are the main factors that contributed for soil erosion in the catchment and for decrease of cheleleka wetland?
1.5. [bookmark: _Toc482751404]Significance of the Study
Although different studies have been taken on the area in different scopes, still there are gaps to sustain the wetland areas and the catchment as whole. This needs integration of research findings and efforts of different stakeholders who have taken sustaining contribution on the issue. Hence, findings of this research intended to fill the gap and will pave the path to take further action and to look in to the area for finding the solution by doing further research. So, researchers, environmental planners, Government institutions and Non Governmental organizations will be user of these findings for further action on Management and Conservation of the catchment with a major emphasis of Wetland areas.


2. [bookmark: _Toc482751405]Literature Review
2.1. [bookmark: _Toc482751406]Land use/ Land cover change /LU/LCC/ 
As cited in Loppiso ( 2010),  although  the  terms  land  use and  land  cover are  related  they   are distinct  from  one another.
Land  use  is  the  term  that  is  used  to  describe  human  uses  of  the  land  (Turner  and  Meyer, 1994),  or  the  social,  economic,  cultural,  political  or  other  value  and  function  of  land resources.  Land  use  is  considered  a  central  part  of  the  functioning  of  the  Earth  system (GLP, 2005)  and  reflects  human  interactions  with  the  environment  at  scales  from  local  to global.  In contrast,  land cover refers  to the biophysical properties of the  land surface or the natural  vegetative  cover  types  that  characterize  a  particular  area  (Turner  et  al.,   1995).
Land use  land  cover change involves  both  conversion  and  modification  of  cover  (Lesslie  et  al., 2006)  and  may   be  gradual  or  episodic  (Lambin  et  al.,  2003).  Land  cover  change  is associated  with  changes  in  biotic  diversity , actual  and  potential  primary   productivity , soil quality, and  runoff  and  sedimentation  rates.  Land  cover  is  one  of  the  most important elements for description and study  of the environment as  it changes quickly  over time  and  is  the  basic  geographic  feature  that  other  environmental  applications  can  use  as reference  base. The  main  resource  controlling  primary  productivity  for  terrestrial ecosystems  can  be  defined  in  terms  of  land  and  its  cover.   Land cover is also the easiest detectable indicator of human interventions on the land. 
Change  detection  involves  the  use  of  multispectral  data  sets  to  discriminate  area  of  land cover change  between  dates  of  imagining. Ideally change detection procedures  should involve data acquired by  the same or similar sensor and be recorded using the same spatial resolution,  viewing  geometry , spectral  bands, radiometric resolution, and  the  time  of  day .Often  the  anniversary dates  are  used  to  minimize sun angle and  seasonal differences.	
Timely  and  accurate  change  detection  of  earth`s  surface  features  is extremely important  for  understanding  relationships  and  interactions  between  human and natural phenomena in order  to promote better decision making. Different change detection algorithms  have  their  own  merits  and  no  single  approach  is  optimal  and  applicable  to  all cases.  Some aspects of  change  detection  application  using  remote  sensing  are  LULCC analysis, forest  and  vegetation  change  analysis,  wetland  change  analysis,  forest fire, landscape change etc. 
Important aspects of change detection for monitoring natural resources.
They are: Detection if change has occurred, measuring the extent of change, assessing spatial pattern of change and identifying the magnitude of the change.



2.1.1. [bookmark: _Toc482751407]Land use /Land cover change, soil erosion and land degradation on study watershed.
2.1.2. [bookmark: _Toc482751408]Land use/ Land cover change in the cheleleka wetland sub-catchment
Different studies in different time with issues related to geology, hydrogeology, engineering, environmental, land degradation, interaction of LU/LCC (Vegetation cover), etc. are conducted in the catchment as general and which poses influence on wetland areas. 
Yacob, (2004) conducted study in the catchment and he attributed to increasing need for fuel wood charcoal, construction pole and the expansion of cultivated land adversely affected the natural vegetation cover and there by resulted in high rate of soil erosion in the catchment.
As a result total transformation of the lake Cheleleka in to a marsh area has also affected Lake Hawassa to be loaded by sediment.
Study on lake water pollution (SNNP water resource development bureau, 2007), land cover change due to natural and anthropogenic effect of together with other factor that has adverse effect on lake water quantity which the result shows land changed high on Lake Hawassa catchment. Lake Hawassa and its basin affected from highly uncontrolled human intervention which needs appropriate attention to restore or at least to reduce the accelerated human impact.
Abebe, and Geheb, (2003), reported that the Shallo Swamp has a surface area of 77 km2. The water is slightly acidic (humicacid) due to the large biomass degrading in the standing water.
In addition they revealed that Lake Hawassa basin is severely deforested especially the eastern part is without trees. Because of this highly accelerated is taking place damping large volume of sediment in to the lake this will be have significant impact on the lake ecosystem
 The shrinking of the cheleleka wetland is due to the increasing sedimentation as a result of catchment degradation.
 (WWDSE, 2001 and Yemane, 2004), the implications and possible causes of lake Hawassa level rise, looked at land cover and land use in the catchment. 
The study also indicated that Lake Cheleleka was covered 12 km2 in the 1972 had changed from open water to grassland as the shallow lake has become filled with sediment. 
The lake floor which once was covered by water is now filled by sediment transported from the eastern high land as result of deforestation that has taken place in the last 30 years. Prior to filling up basin with silt, Lake Cheleleka used to serve as a sediment trap for TikurWuha River that flow in to Lake Hawassa.
As a result of losing its function as sediment trap, water and sediment load to TikurWuha is now directly going to Lake Hawassa.
2.2. [bookmark: _Toc482751409]The significance of Land use and Land cover Change 
Important aspect of change detection is to determine what is actually which land use class is changing to another. This information will reveal desirable and undesirable changes and the classes that are relatively stable over time. This information will serve as a vital tool for the management decisions, Zabair, 2006 as cited in Lophisso, 2010. The trend and magnitude of change is described on change detection statistics table in each sub-section.
Land  use  affects  land  cover  and  changes  in  land  cover  affect  land  use.  A change in either however is not necessarily the product of the other. Changes in land cover by land use do not necessarily imply degradation of the land.  However,  many  shifting  land  use  patterns driven  by a  variety  of  social  causes,  result  in  land  cover  changes  that  affects biodiversity , water and  radiation budgets, trace gas emissions and  other processes  that come  together  to affect climate and biosphere (Riebsame et al,  1994).
Land cover can be altered by forces other than anthropogenic. Natural events such as weather,   flooding, fire, climate fluctuations, and ecosystem dynamics may also initiate modifications upon land cover. Globally, land  cover  today is altered  principally by direct human use by  agriculture and  livestock  raising, forest  harvesting and management and urban  and suburban  construction  and  development. There are also  incidental  impacts  on land cover from other human activities such as  forest and lakes damaged by acid rain from fossil  fuel combustion and crops  near cities  damaged by  troposphere ozone  resulting  from automobile exhaust (Lambin,  1997).
Change  detection  is  the  process  of  identifying differences  in  the  state  of  an  object  or phenomenon by observing it at different times (Singh, 1989). Change  detection  is  an important  process  in  monitoring  and  managing  natural  resources  and  urban  development because  it  provides  quantitative  analysis  of  the  spatial  distribution  of  the  population  of interest. 
The  basis  of  using  remote  sensing  data  for  change  detection  is  that  changes  in  land  cover result  in changes  in  radiance  values which  can be  remotely sensed. Techniques  to perform change  detection  with  satellite  imagery  have  become  numerous  as  a  result  of  increasing versatility in manipulating digital data and increasing computer power
2.3. [bookmark: _Toc482751410]Deforestation, soil erosion and its impact on wetland sub-catchment
Wetlands are not isolated entities in the environment. They exist in close interaction with all other ecosystem components in the landscape. Thus, they are part of ecosystem process and share problems that occur in a watershed in their surroundings. Wetlands in degraded area can share biological, chemical and physical problems. For example, if the vegetation covers of a catchment drain to a wetland decline, sediment loads will be increased. This can also alter the biological chemical and physical features of wetlands and then this in turn modifies species composition, distribution, abundance and the activities of organisms that rely on these aquatic ecosystems (Abebe and Geheb, 2003). Among wetlands which have been converted to dry lands due to siltation and unregulated water abstraction is Lake Alemaya so that the wetlands which were associated with it (EWNRA, 2008).
Deforestation in the catchment of wetlands areas also represents a significant threat to wetland survival and induces increased runoff and flash flooding in the catchment area, hence bringing a shorter residence time for water in the wetland and a reduction in groundwater recharge. The absence of forest cover on the uplands may also contribute to a movement of people into wetlands, where alternative subsistence strategies can be pursued.
Further, deforestation within a wetland catchment will be a starting point for accumulation of silt within a wetland ecosystem. Loss of vegetation within the Catchment will result in accelerated soil erosion and consequently will lead to land degradation, which in general is a major cause for an accumulation of silt within the wetland. The accumulation of silt within the wetland will lead to a complete change in the wetland ecosystem. It might result in a complete change in the biodiversity, affect the water holding capacity of the wetland, and in the worst cases, cause a collapse of the wetland itself. 
Sedimentation is also the direct result of the loss (erosion) of sediments from other aquatic areas or land-based areas. Sedimentation in one area is linked to erosion or impoverishment in another area and is a natural process of all water bodies. 
Aquatic sediments are derived from and composed of natural physical, chemical, and biological components generally related to their watersheds. Soil erosion is a major watershed problem in many developing countries causing significant loss of soil fertility, loss of productivity and environmental degradation, Soil erosion, soil loss, and sediment yield are terms with distinct meanings in soil erosion processes. Soil erosion is the gross amount of soil moved by drop detachment or runoff. Soil loss is the soil moved off a particular slope or field.  Soil erosion and sedimentation by water involves the processes of detachment, transportation, and deposition of sediment by raindrop impact and flowing water (Foster and Meyer, 1977, Wischmeier and Smith, 1978).  
The dynamics of the processes of soil erosion and sediment yield are influenced by the spatial and temporal characteristics of the input variables affecting them and by controls exerted by the land surface. The controls related to land surface include elevation, soil, vegetation cover, and underlying geology.  The major classification of erosion type is by erosive agents, wind or water, which causes the erosion. 
The main types of erosion are rill erosion, sheet erosion and gully erosion. The sheet and rill erosion classification is based on a concept of progressive erosion severity. Sheet erosion, which is a uniform removal of soil from the surface, is assumed to be the first phase of the erosion process, and sheet erosion rates are assumed to be low. As erosion becomes increasingly sever, rill erosion is assumed to begin. Rill erosion progresses to gully erosion, which produces deeply incised channels. 
Loss of wetland water depth and storage volume due to anthropogenic sedimentation has important ecological implications (van der Valk and Davis 1978).
Erosion and deposition of top soil from cropland can reduce wetland storage volume, which alters hydrologic services such as water storage and groundwater recharge (Brun et al. 1981).
2.4. [bookmark: _Toc482751411]Factors determining soil erosion and causes of wetland loss
Humans usually and very dramatically accelerate natural processes often unintentionally but usually in the course of activities like agriculture, industry and urban development.
These activities can involve anything from drainage and diverting water, to dredging and loading water sources with toxic chemicals. Perhaps the most destructive of all activities is mining (Williams, 1990) which permanently destroys the substrate and prevents the natural restoration of a site. Wetlands whose biotic balance has been disturbed can often recover. Dugan (1990) claims that 65% of wetland disturbances are of human origin, while the remainder have natural origins. Out of these, 73% of disturbances are thought to result from direct human actions, while the remaining 27% are believed to come from indirect sources.
[bookmark: _Toc488678337]Table 1: Causes of wetland loss
	Human activities 
	Natural phenomena 

	Direct 
	Indirect 
	

	· Filling 
· Conversion 
· Construction
· Discharging
· Mining 
· Abstraction
	· Erosion 
· Sedimentation
· Hydrological alternation
· Subsidence 
· Biotic effect
	· Subsidence
· Sea level rise
· Drought
· Hurricanes and storms


Source: (Dugan, 1990 cited in Abebe and Geheb, 2003)
2.4.1. [bookmark: _Toc482751412]Deforestation and Agricultural practices 
Tree cutting is a common occurrence which has been taking place over the centuries because of the need for more land for cultivation, for use as fuel wood, for production of charcoal and for construction purposes. A long time back in history some parts of Northern Ethiopia, which are today suffering from conditions caused by land degradation, were covered with forests (EFAP, 1991). Over the last 3000 years, there has been progressive deforestation, which has accelerated tremendously during the last century. Rapid population growth (3% per year), extensive forest clearing for cultivation, over-grazing, movement of political centers, and exploitation of forests for fuel wood and construction materials without replanting has reduced the forest area of the country to 16% in the 1950s and to 3.1% by 1982 (UNEP, 1983).
Deforestation and consequent land degradation are global menaces, and so are they in Ethiopia. The forest degradation in Ethiopia is closely linked to the ongoing population growth. Increments of population generally lead to an increasing demand on land for living and for agricultural production. The situation got more severe in the eightieth when large numbers of people moved to South West Ethiopia in scope of organized resettlement programs. Consequently the pressure on the forest resources themselves increased due to a higher demand on fuel wood and construction timber. The natural regeneration of the forest resources is difficult due to high populations of grazing and browsing livestock within the forests (Reusing, 2000).
The total global annual forest loss is 9.4 million ha (FAO, 2000 cited in the loppisso, 2010) and in Ethiopia the forest cover has decreased to less than 3-3.6% in the past half-century (Reusing 1998).
Deforestation can therefore cause an acceleration of soil erosion, as it removes the natural vegetation and leaves areas of bare soil in its place. Severe erosion occurs in cases such as this, causing stream sedimentation and the loss of nutrient rich top soil. In an undisturbed forest, the mineral soil is protected by a layer of leaf litter and humus that covers the forest floor. These two layers form a protective mat over the soil that absorbs the impact of rain drops. They are porous and highly permeable to rainfall, and allow rainwater to slow percolate into the soil below, instead of flowing over the surface as runoff (Sands, 2005). 
Deforestation increases erosion rates due to exposure of mineral soil by removing the humus and litter layers from the soil surface, removing the vegetative cover that binds soil together, and causing heavy soil compaction from logging equipment. Once trees have been removed by fire or logging, infiltration rates become low and erosion high to the degree the forest floor remains changed. 
[bookmark: _Toc454886786]Vast Expansion of agriculture practice is human causes of erosion because humans move the top soil and result in the acceleration of soil erosion.
Unsustainable agricultural practices are the greatest contributor to the global increase in erosion rates. Tillage and other practices performed up and down field slopes create pathways for surface water runoff and can accelerate the soil erosion process. Cross-slope cultivation and contour farming techniques discourage the concentration of surface water runoff and limit soil movement (Ritter, 2012).
Hurni et al., (2005) estimated that cultivated and degraded land generates 10-20 times more runoff than do forests. The onsite activities that contributed and are still contributing towards wetland degradation and loss are directly those that are associated with human intervention in the ecological system of the wetlands. The intervention happens in order to fulfill human needs through resource collection and harvest, drainage to grow food crops, grazing by livestock, resource extraction, and others. The tillage of agricultural lands, which breaks up soil into finer particles, is one of the primary factors. Crop growing requires fields to be cleared of vegetation and ploughed, and the bare earth this leaves can cause an increase in erosion.
The World Wildlife Fund (2004) indicates that growing of crops such as soy, coffee, cotton, tobacco and wheat can have a negative impact on soil erosion, with an estimated 10 million hectares a year affected. Overgrazing by farm animals can also leave agricultural land degraded, and this can lead to an increase in the rate of erosion (Farquhar son, 1999). 
According Abera, (2010) in the Ethiopia, cultivated area has increased from 9.44 million hectare in 2001 to 15.4 million ha hectares in 2009 alone (6 million ha in 8 years).
2.5. [bookmark: _Toc482751413] Deforestation, Soil erosion and Siltation on Ethiopia Rift Valley wetlands
The Ethiopian Rift Valley, which is characterized by a rich fauna and flora, has impressive hydrological networks endowed with a chain of several lakes with very important biological resources. The Ethiopian Rift Valley Lakes Basin (RVLB) is among other Ethiopian highland river basin ecosystems threatened by serious environmental degradation, increased soil erosion, decreased water quality and loss of biological diversity on land and in the lakes (Sissay, 2003).
Land degradation due to soil erosion is the major problem facing Ethiopia today. There is rapid LULCC especially the conversion of natural forests to cultivated land and grazing lands hold the widest part. Food and agricultural organization of the United Nations (FAO, 2005) illustrated that, in the year between1990-2000 the total natural forest cover of the country has decreased by 9% with the estimated rate of 40,000ha per year while plantation has been increased only by 1%. The change in LULCC can change the hydrological pattern of runoff, reduce infiltration and disturb the stream flow (Selamyehun &Tekalegn, 2003). It also has paramount effect on the stability of soils. 

2.6. [bookmark: _Toc482751414]Soil Erosion Models 
As cited in Yacob (2010), stated that erosion modeling is based on understanding of the physical laws of landscape processes that occur in the natural environment. Many  different  models  have  been developed to describe and predict  soil  erosion  by  water  and  associated  sediment  yield.  The models are considerably in their objectives, time and spatial scales involved.
The models available for erosion estimation can categorized in to two main groups:
(1) Physical process based models and 
(2) Empirical models
Physical process based models: required many parameters related with each processes as these models are organized in physical-based sub-models related to hydrology, hydraulics, meteorology and soil mechanics. They are to  represent  the  essential  mechanisms  controlling  erosion  process by solving  the  corresponding  equations. These  models  are  the synthesis of individual components that affect the erosion processes and it is argued  that  they  are  highly capable  to  assess  both  the  spatial  and  temporal variability of the  natural  erosion  processes. The  physical  based  models  include  AGNPS  (Young  et  al.,  1987), WEPP (Nearing et al., 1989)  and SHE (Abbott et  al.,  1986;  Wick  and  Bathurst,  1996). 
Empirical models:   are a synthesis and a summary of field or experimental observations. 
Their fundamental parameters are not compulsory physically related. Such  models 
are based on defining important  factors  through  field  observation,  measurement,  experiments  and statistical methods (Petter,1992).They are useful in predicting the hydrology or  soil  erosion,  but  are  site  specific  and  require  long-term  data  (Elirehema, 2001). They are the result of several years of research data and numerically  evaluate  the  effects  of  climate,  soil  properties,  topography  and  crop  management  (Stone, 2000). They are  like  the  Universal  Soil  Loss  Equation  (USLE)  (Wischmeier  and  Smith, 1965), the Modified Universal Soil Loss Equation (MUSLE) (Williams, 1975), or the  Revised  Universal Soil Loss Equation (RUSLE) (Renard et al., 1991), Erosion Productivity  Impact  Calculator  (EPIC)  (Williams  et  al., 1984) and Agricultural Non point Source  Pollution  Model  (AGNPS)  (Young  et  al., 1987)  are  examples  of commonly used  watershed models based on USLE methodology to compute soil erosion.
2.6.1. [bookmark: _Toc482751415] Revised Soil Loss Equation (RUSLE)
The Universal Soil Loss Equation (USLE), developed by Wischmeier and Smith in 1978, is the most frequently used empirical soil erosion model worldwide and was later modified into a Revised Universal Soil Loss Equation model by including improved means of computing soil erosion factors (Shi et al., 2002). These improved means for computing soil erosion factors generally fit into two categories: incorporation of new/better data and consideration of selected erosion processes. The inclusion of these factors into RUSLE has “the potential for broader prediction improvements” (Sonneveld and Nearing, 2003; Jones et al, 1996). 
The RUSLE model can predict erosion potential on a cell-by-cell basis, which is effective when attempting to identify the spatial pattern of soil loss present within a large region. GIS can then be used to isolate and query these locations to identify the role of individual variables in contributing to the observed erosion potential value (Shi et al, 2002). 
2.6.2. [bookmark: _Toc482751416]Development of RUSLE Model
The Universal Soil Loss Equation (USLE) model and its derivative, the Revised  Universal Soil Loss Equation (RUSLE), are commonly used throughout the world to  calculate average annual soil loss per unit land area resulting from rill and sheet (interrill)  erosion. Traditionally, the two models have been used primarily for local conservation planning at an individual farmstead scale. 
In fact, the USLE model (Wischmeier and Smith, 1978) was originally developed for gently sloping cropland situations, although subsequent research leading to the RUSLE model (Renard et al., 1997) has broadened the applicability of the models to include soil loss estimation for rangeland, forests, disturbed sites, and steep slopes. The term soil loss something of a misnomer, since eroded soil could be subsequently deposited down slope on lesser sloping surfaces (Haan et al, 1994). In this sense, USLE and RUSLE are primarily erosion models with some limited linkages to sediment yield models. Revised Universal Soil Loss Equation model by including improved means of computing soil erosion factors (Shi et al., 2002). 
In generally, these improved means for computing soil erosion factors generally fit into two categories:
·  Incorporation of new/better data 
· Consideration of selected erosion processes. 
The inclusion of these factors into RUSLE has “the potential for broader prediction improvements” (Sonneveld and Nearing, 2003; Jones et al, 1996).
2.6.3. [bookmark: _Toc482751417] Limitation of the Model 
There are several limitations to the RUSLE model and they appear to be in three main categories: 1).The research location in which RUSLE is applied, 
2). Limitations inherent in the mathematical calculations and
 3). Limitations in scale. 


Research location limitations:
RUSLE was designed primarily for agricultural regions. Soil-erosion potential as identified in non-agricultural regions may be inconsistent (Hickey et al., 2005.

Limitations in Mathematical Calculations:
The environmental variables used in RUSLE are relatively constant over the timescale of tens of years (at a minimum), while the management variables may change over the course of a year or less. Consequently, it is difficult to obtain current and accurate management variable coverage (Hickey et al., 2005). 
Several algorithms are required when processing data for input into RUSLE. Each of those algorithms may accentuate existing errors in data. Because RUSLE requires on six input data layers to be multiplied together, the errors inherent in each layer are similarly multiplied, contributing to an even greater error in the derived soil loss values (Shi et al., 2002) calculate sediment loads unless further validation or correction of the data occurs (Hickey et al., 2005). 
Limitations in Scale: 
The erosion processes which are considered by RUSLE are often driven by relatively small features. Therefore, any output should be treated as qualitative, not quantitative, and the pattern of erosion, or vulnerability, should be examined (Hickey et al., 2005). 
2.6.4. [bookmark: _Toc482751418] Geographic Information System (GIS) and Soil erosion Modeling
A Geographic Information System (GIS) is an arrangement of computer hardware, software, and geographic data that people interact with to integrate, analyze, and visualize data; identify relationships, patterns, and trends; and find solutions to problems. The system is designed to capture, store, update, manipulate, analyze, and display studied data and used to perform analyses (ESRI, 2005). GIS have been used in various environmental applications since the 1970s; however, extensive application of GIS to hydrologic and hydraulic modeling and flood mapping and management did not begin until the early 1990s (Moore et al., 1991; Vieux and Gauer, 1994; Maidment and Djokic, 2000). The ability to represent elevation in terms of topographic surfaces is central to geomorphologic analyses and thus to the importance of representing topography using DEM. 
Soil erosion is affected by the spatial topography, vegetation, soil properties, and land use. A GIS is a very useful tool to deal with the large number of spatial data and the relationship from various sources in the erosion modeling process. Spatial and temporal information on runoff, soil erosion, and sediment yield of a catchment can provide a useful perspective on the availability of water, rate of soil erosion, and soil loss in the catchment.
There are some advantages of linking soil erosion models with a GIS such as the following:
1) The possibility of rapidly producing input data to simulate different scenarios.
A GIS provides an important spatial/analytical function performing the time-consuming geo referencing and spatial overlays to develop the model input data at various spatial scales (Sharma et al., 1996).
2) The ability to use very large catchments with many pixels, so the catchment can be simulated with more detail (De Roo, 1996).
3) The facility of displaying the model outputs. Visualization can be used to display and animate sequences of model output images across time and space.
[bookmark: _Toc482751419]2.6.5. Digital Elevation Model (DEM)
DEM. are point elevation data stored in digital computer files. These data consists of x, y grid locations and point elevation or z variables. They are generated in a variety of ways for a different map resolutions or scales. Under an agreement with the National Aeronautics and Space Administration (NASA) and the Department of Defense’s National Geo Spatial Intelligence Agency (NGA), the US Geological Survey (USGS) distribute elevation data from the Shuttle Radar Topographic Mission (SRTM). Shuttle Radar Topography Mission (SRTM) obtains elevation data on a near-global scale with a radar system that flew onboard a space shuttle. 
The SRTM DEM is a high quality product with a horizontal ground resolution of 90 meters. 
A stereoscopically pair of optical imageries like the ASTER data has a good potential to produce DEM with better ground resolution. However, it is rarely possible to find dust or cloud free image pairs in tropical conditions. Moreover, critical information such as their exact location is not readily available. The unfinished SRTM data acquired from NASA contained unfilled pixels and few overtly erroneous pixels (around forests and water bodies). These anomalies must have been overcome either through replacing them with external data or correcting the SRTM itself through triangulation, (Bedru Shefa, 2006). For most parts of the world, this data set provides a dramatic improvement in the availability of high-quality and high-resolution elevation data (Jarvis et al., 2004). Digital Elevation Models (DEM) is a commonly used digital elevation source and an important part of using for watershed characterization. Many agencies provide DEM data with 90-m, 30-m and 10-m resolutions. The point elevation data are very useful as an input to the GIS. This data is used to yield important derivative products such as slope, aspect, flow accumulation, flow direction and curvature in process of watershed delineation.

3. [bookmark: _Toc482751420]Material and Methods
3.1. [bookmark: _Toc482751421]Description of the study area
Tikurwuha catchment found in Lake Hawassa watershed that includes cheleleka Wetland that is found in the Central Rift Valley of Ethiopia. The study area was located in the area where chain of mountains stretched out and occupy a wide flat marshy land called Lake Cheleleka (Wolka et al, 2015) the whole catchment is geographically located at 6°47’ to 7°10’ N latitude and 38°27’ to 38°42’ E longitude and with altitudinal ranges of 1680 to 2987 meters above sea level. It covers an area of about 648.10 km2 from this the Cheleleka wetland sub-catchment accounts for 79.71 km2 
[image: ]
[bookmark: _Toc488439524]Figure 1: Map of the study the area

3.1.1. [bookmark: _Toc482751422]Climate 
The climate of the catchment is dominated by Tropical climate with distinct dry winter in the western part of the study area and Warm temperate rainy climate in the eastern part highlands of the area. Altitude range 1680 to 2987 meters above sea level. The main rainy season in the catchment area is from May to October, but the dry season goes from November to February, similar to the rain pattern of most Ethiopian plateaus.
The average annual rainfall of the catchment estimated to be about 975mm. Depending on the metrological information the mean annual temperature of the catchment is about 19.5 OC. The mean monthly temperature varies from 17oC to 22oC. 
The precipitation spatially varied within the catchment therefore, it was more accurate to have multiple rain gauge stations. Figure 2 shows gauging station, Wondo Genet, Hassawita,  Hawassa  and  Shashamene.  The gauge stations at Wondo Genet and Hassawita are situated near the rift escarpment, while the gauging station of Hawassa is located in the lowland areas of the catchment, and the Shashamene station is located at the upper of the catchment. 
[image: ]
[bookmark: _Toc488439525]Figure 2: Rain gauge points 
3.1.2. [bookmark: _Toc482751423]Topography and Soil type
The whole cheleleka wetland areas situated in the caldera depression.  The nested Hawassa-Korbetti Caldera complex forms a giant elliptical depression 30-40 km wide on the rift floor (Woldegabriel, 1987). This catchment is located in the central part of the higher Ethiopian Rift Valley region, which is surrounded by gently to steeply sloping escarpments and hills forming concave closed system.
The soil of study area examined in detail, and reported in Rift valley Lake basin Integrated Resources Development Master Plan study Project. In general, four major soil types have been identified: Andosols, Cambisols, Luvisols and Aerosols (MOWR, 2008). 
The most dominant soil type in this area is Cambisol and second is Luvisols.  In  compare  with  the  highland  area  of  Ethiopia,  these  soils  are  relatively young and inherently more fertile (FAO, 1993).
Soil colors in the study area vary from very dark brown to pale brown. Soil in the study area is moderately acidic to very alkaline; the pH varies between 5.8 and 9.8. 





[bookmark: _Toc488678338]Table 2: According FAO Soil type identification in the study area (MOWR, 2008).
	Soil Group
	Depth
	Colour
	Texture
	Structure
	Consistence
	Dominant locations 

	Ando-sols
(An)
	Moderate deep to very deep
	Dark greyish to brown to yellowish brown
	Medium to course
Texture
	Weak fine &medium sub-angular Blocky
	Very friable, slightly sticky 
	North and north western

	Cambisols
(Cm)
	Moderately deep to very deep
	Dark grayish to brown to dark reddish brown
	Fine and medium
Texture
	Weak to moderate medium
	Friable, slightly sticky to very sticky
	Central and East to west 

	Luvisols
(LV)
	Deep to very deep
	Dark brown to dark reddish brown
	Fine and medium
Texture
	Moderate medium to coarse 
	Friable to firm, sticky to very sticky
	Central to South East and south to west

	Aerosols
(AR)
	Very shallow
	Dark brown to dark yellowish brown
	Medium 
	Weak to moderate medium
	Friable slightly sticky & slightly plastic
	Central low land


3.1.3. [bookmark: _Toc482751424]Agricultural systems
In the study area mixed agriculture in with livestock production is an important component. They are the major assets of the household and play an important role in crop production.  The composition of livestock was such that cattle, sheep and goats, horses, mules, donkeys. Feed for livestock comes from communal grazing land, cultivated fields and private grazing land.


3.2. [bookmark: _Toc482751425]Source of data and Methodology employed
I. Satellite images
[bookmark: _Toc488678339]Table 3 List of satellite images used for spatial processing.
	Image
	Acquisition date
	Sensor
	Land sat Mission
	Processed resolution       

	1985
	Dec, 12/13/1985
	TM
	1
	30mx30m                          

	2000
	Dec, 12/17/2000
	 TM
	5
	30m x30m                           

	2015
	Dec, 12/24/2015
	ETM+
	7
	30mx30m                         


(Source:    EMA, 2015)                                                                                     
Projection: UTM:        Zone: 37  	 
II. Primary Data  
In order to analyze major contributing factors for soil erosion in the catchment, interview of elders with questioners, focused group discussion with mostly above 50 years elders who have lived for longer in the study area were used. 
III. [bookmark: _Toc402226708]Field Data 		
The field data collection were done randomly to verify the image classified in supervised way and to collect the necessary land use/land cover data. Additionally, systematically field data were collected to validate the result. All field data were collected using Garmin GPS model 76H device. Different variables that have taken in to considerations during field visit are: Current land use types observed in the catchment, water lost areas now known by marshland areas.
IV.  Rain fall data 
The monthly amounts of precipitation for the cheleleka watershed were collected over 15 years by the South Regional Meteorological Agency.
Monthly rainfall of four stations (Hawassa, Wondogenet, Hassawita and Shashemene) Mean annual rainfall data ware generated from the monthly rainfall data from 1985 to 2015 years well adopted for the analysis.  
V. Soil data 
For this study a soil data of the major soil groups of South Region as per FAO soil group were collected from Ethiopian Southern Water Resource Bureau and Energy according Ministry of Water Resources and Energy (MWRE), GIS department. The soil polygon feature map is obtained by clipping the FAO soil map of Rift Valley Lake Basin Integrated Resource Development Master Plan Study with the study watershed in the GIS environment.
3.3. [bookmark: _Toc482751426]General methodology 
The general methodology employed here are pre- field work, at field work and post field work.
Pre -field work
Reviewing relevant literature on the soil loss, LULC, Conservation measures and application of GIS and RUSLE model, Selection of field areas and preparation of questionnaires were taken.


 At field work
During field work the primary data using questionnaires, interviewing experts and group discussion with local leaders was used to collect necessary data.
Post field work
After completion of collecting necessary pre- field data field data the post field work were undertaken.
The main activities were; 
· Supervised classification of land cover change in wetland system, 
· Analysis of RUSLE factors and generation of map layers for each factors, 
· Analysis of annual soil loss from the catchment,  
· Analysis of temporal change detection on cheleleka wetland sub-catchment and 
[bookmark: _Toc482751427]3.4. Spatial Data Processing and Analysis
[bookmark: _Toc482751428]3.4.1. Pre-processing
Pre-processing  of  satellite  images  prior  to  image  classification  and  inference of change in the area is important task  that  must be  under  taken  by researcher. This task involves operations that are normally required to the main data analysis and extraction of information. Selection of appropriate satellite image is the first task in image data processing.  Due  to  limited  amount of budget  and  availability  of  longer  date of  acquisition of  satellite  images, the  land sat  images  are  preferred  which  have  lower  resolution  which may affect the level of information that can be extracted from the images.
Land sat Image 
TM and ETM+ images have relatively medium resolution of 30mx30m.  For the detection  of change in this wetland sub-catchment using  different  years of  images, date  of  data  acquisition  and  resolution  of  images  must  be  similar  as  much  as possible.
Methods of classification used
Image  classification  is defined as  the extraction  of distinct  classes or  themes,  land use and land  cover  classification  categories,  from  satellite  imagery .   
There are two primary methods of image classification methods utilized by image analysts,  
· Unsupervised  and
· Supervised classification. 
The classification method used in this thesis is supervised image classification.  Supervised  image  classification  is  a  method  in  which  the  analyst  defines  small  areas, called  training  sites,   on  the  image  which  are  representative  of  each  desired land  cover  category. The  delineation  of  training  areas  representative  of  a  cover  type  is most  effective  when  an  image  analyst  has  knowledge  of  the  geography of  a  region  and experience  with  the  spectral  properties  of  the  cover  classes  (Taylor  and  Francis,  2004 cited in loppiso,2014).
The  image  analyst  then  trains  the  software  to  recognize  spectral  values  or  signatures associated  with  the  training  sites. Training  sites  were  developed  from  the  ground  truth  data  obtained  by  Global  Positioning System  (GPS)  during  field  data  collection.  Land sat image of 1985, 2000 and 2015 and because of its good classification capacity of the software. 
Identification of thematic classes of classification schemes
A  classification  scheme  effectively   defines  the  legend  that  will  be  used  in  LULC  map  of the  study area.  Numerous classification schemes used for land cover classification throughout the world. Some of common classification schemes were used in this study to determine the thematic classes based on the first survey in the   area by   the researcher for the digital analysis were identified as follows:
Grass land: are land cover covered by grass
 Marsh/Swamp areas: are land covers with more a marsh and better drainage than a bog
Forest land: Land covered with permanent natural vegetations
Mixed forest land:  Land covered with forest mixed with different type of tress and it is more of mixed type with grass and shrubs. 
 Cultivated land:   Land covers class which is used for agricultural production.
Built up land:   Land covered with different type of building
Bush land:   Land covered with shorter trees that are not more than 3 metres
Shrub land:   Land covered wood plants smaller than trees having multiple permanent stems branching from or near the ground.
[bookmark: _Toc402226711]



[bookmark: _Toc488678340]Table 4: Source, description, and purpose of the data used in the study
	Types of data 
	Source 
	Description 
	Purpose 

	DEM 
	USGS 
	30m spatial  resolution 


	For delineation, slope flow direction & flow accumulation generation 

	Land sat images

	Ethiopia Mapping agency
	30m*30m spatial resolution 

	For supervised LULC classification 

	Digital Soil map 
	Ministry of Water Resources (MOWR, 2008 ) 
	 FAO (1986) 

	To generate soil map for the model 

	Rainfall 
	Hawassa Meteorological Agency
	 RF data from 4 stations near the study area 
	To extract the R-map from mean monthly RF data 

	
GCP 
	Ground control point

	 Random coordinates from each land use using Garmin GPS model 76H device 
	[bookmark: _Toc402226712][bookmark: _Toc402369787]To make supervised classification simple.



3.4.2. [bookmark: _Toc482751429]RUSLE parameter analysis
 RUSLE model for soil loss analysis used in this study  because of its broadened the applicability of soil loss estimation for rangeland, forests, disturbed sites, and steep slopes and study area have related land use land cover. 
When we compute the RUSEL model, six factors considered in the model are; climate (erosivitiy), soil characteristics, topography, land cover management and support practice integrated with Arc GIS 10.3 techniques for estimate status of soil loss. By apply GIS technique with computer model in analysis of soil erosion. All the six factors were multiplied by applying the following equation in Arc GIS10.3 using algebraic/ raster calculator (Renard et al., 1997). RUSLE computes average annual erosion from cover slopes as: 
A = R * K * L * S * C * P……………………………………………………….. (1) 
                                
Where, A is computed average annual soil loss in (tons/ha/year), R is rainfall and runoff erosivity factor [(MJ mm)/ (ha yr)], K is soil erodibility factor [(ton ha)/ (MJ mm)], L is slope length factor, S is slope steepness factor, C is cover management factor, and P is conservation practice factor.
3.4.3. [bookmark: _Toc482751430]    Rainfall-runoff erosivity factor (R)
Wischmeier and Smith (1958) derived the rainfall and runoff erosivity factor from research data from many sources. The rainfall – runoff erosivity factor is defined as the mean annual sum of individual storm erosion index values, EI30, where E is the total storm kinetic energy and I30 is the maximum rainfall intensity in 30 minutes. To compute storm EI30, continuous rainfall intensity data are needed. The erosivity (R) factor quantifies the effect of raindrop impacts. The R-factor requires long term rainfall data that records the energy available to erode soil. Various equations have been adapted to compute the R-factor; one option is that the erosion index for this parameter is calculated from the total storm energy multiplied by maximum 30 minute intensity. The data layers for each RUSEL parameters were created in the Arc GIS and map for each factor were created in order to analyze soil loss. The mean annual rainfall was first interpolated to generate continuous rainfall data for each grid cell in Arc GIS environment. 
Data layers for the R factor also needed to be created. Each layer was created as a shape file and clipped to the catchment and added to the Arc Map environment for each RUSLE model. The shape files were created so that each shape file represented a single polygon that would be represented by a single value. 
To further prepare the spatial data for modeling, the data layers would need to be converted from features to raster. The R factor vector Shape files were converted to raster format. This was completed using the Convert Features to Raster function within the Spatial Analyst extension in Arc GIS.
The rainfall erosivity factor R  in the study area was calculated  according to the equation given by Hurni (1985),  which  is  derived  from  spatial  regression  analysis  (Hellden,1987)  for  Ethiopian conditions based on  the  availability  of    mean  annual  rainfall  (P).   
According to regression equation (2) R factor obtained as follows:

                                                  Where,
                                                          R=rainfall erosivity   factor,                                                           
                                                          P= mean annual rainfall in mm
The raster rainfall data of the study area was converted to erosivity map of the area using the regeration equation (2) and as the erosive map shown in the Figure 4.   
3.4.4. [bookmark: _Toc482751431]Soil erodibility factor (K)
[bookmark: _Toc447466007]Soil erodibility (K) is an estimate of the ability of soil to resist erosion, based on physical characteristics of each soil types vary in their susceptibility to erosion. The soil erodibility factor  K  represents  the  combined  effect  of  susceptibility  of  soil  to  detachment, transportability  of  the  sediment,  and  the  amount  and  the  rate  of  runoff  given  particular rainfall  erosive . 
It also represents the effect of soil properties and soil profile characteristics on soil loss (Renardet al., 1997).
[bookmark: _Toc447466025]Soil  erodibility  factor  (K)  rate of   soil  loss  per unit of  R  for standard condition  of  bare  soil,  recently  tilled  up-and-down  with  slope  with  no  conservation practices  and  on  a  slope  of  50  and  22  m  length  (Morgan,   1994).   The value of K ranges from 0 to 1 Hellden , (1987)  developed  a  USLE  for  Ethiopian.  
[bookmark: _Toc488678341]Table 5: Soil Erodibility factor value in the study area based soil color (Hellden, 1987)
		Soil colour 
	Black  
	Brown                                 
	Red
	Yellow

	 K- factor
	0.15                          
	0.2                           
	0.25                     
	0.3 





The  K  factor  defines  the  resistance  of  the  soil  to  both  detachment  and  transport.  The  K factor  (soil  erodibility   factor)  depends  on  the  following  soil  parameters  in  combinations: physical  characteristics  of  particle size,   permeability y   and  structure.  Since  soil  has  different  drainage  capacity  due  to  physical and  chemical  characteristics,  the  k  values  were  assigned  to  the  soil  map generated based on the soil texture and soil color type respectively as shown in the Figure7&8 . So k-factor can be also determined based on the organic matter contents of the soil.



[bookmark: _Toc488678342]Table 6 : determination of K-factor from soil organic matter and texture analysis from the same study area (Oruk et al., 2012; Wang et al., 2013, cited in Wolka et al, 2015).
	Basic textural class
	Average k-value 
	Organic matter content

	
	
	<2
	>2

	Sandy loam
	0.13
	0.14
	0.12

	Sandy clay loam
	0.2
	0.2
	0.2

	Clay loam
	0.305
	0.33
	0.28

	Loam
	0.3
	0.34
	0.26

	Clay
	0.225
	0.24
	0.2



3.4.5. [bookmark: _Toc482751432]Vegetation cover and Management factor (C) 
The C-factor shows land cover/vegetation management. It is the most important factor in reducing soil erosion activities especially in mountainous watersheds (Zhou et al. 2008; Beskow et al. 2009). The land cover may vary in type including forest, shrub land, agricultural crops, and others. The cover management factor (C) represents the effects of vegetation, management, and erosion control practices on soil loss. 
It   exerts  a  strong  moderating  impact  on  dissipating  the  energy   supplied  by agents  of  soil  erosion.  Soil  erosion  potential  increases  if  the  soil  has  no  or  very  little vegetative  cover  of  plants  and/or  crops  residue.  Plant and residue cover protects the soil from raindrop impacts and splash, tends to slow down the movement of surface runoff and allows excess surface water to infiltrate.
The erosion-reducing effectiveness of plant and /or residue covers depends on type, extent, and quantity of cover. Vegetation and crop residue completely cover the soil that intercepts all falling raindrops at and close to the surface and the most efficient in controlling soil.
It is a simple relation between erosion on bare soil and erosion observed under a cropping system. The C factor combines plant cover, its production level and the associated cropping techniques. It varies from 1 on bare soil and less than 1 depending on the land cover type.
[bookmark: _Toc488678343]Table 7: Land covers/ C- factor values from different references.
	Land-use and land-cover type C 
	C-_factor value
	References

	Forest/wood Land
	0.02
	Hurni (1988)

	Grassland 
	0.05
	Eweg and van Lammeren (1996)

	Cultivated land 
	0.15
	Hurni (1988)

	Shrub Land
	0.20
	Wischmeier and Smith (1978)

	Swampy 
	0.001
	Berket & Teferri, (2009)



3.4.6. [bookmark: _Toc482751433] Slope length and Slope steepness (LS)
The LS-factor characterizes the effect of topography   on erosion in RUSLE
The  DEM  of  resolution  30m  was  used to derive  the  L  and  S factors  for  the  study  area  using  ArcGIS10.3  software  on  raster  calculator. LS map generated as shown Figure 9 by using “Spatial Analyst Tool Surface Slope” in Arc GIS 10.3 environment.  These  base  data sets  for  mean  slope  gradient  and  slope  length  were  then  used  as  inputs  to  generate  the  L and  S  factor  for  the  RUSLE.  
In RUSLE, the LS factor represents a ratio of soil loss under given conditions to that at a site with the "standard" slope steepness of 9o and slope length of 22 m plot (Robert &Hilborn, 2000).
The steeper and longer the slope, the higher is the erosion. The upslope drainage area for each cell in a DEM was calculated with multiple flow algorithms.  Moreover slope (%) also directly derived from the DEM using the same software). 
The remaining factor of LS (slope length and slope steepness) was calculated using the slope and flow accumulation grids generated earlier. 
The longer the slope length the higher amount of cumulative runoff and the steeper the slope the higher the runoff velocity which contributes to erosion.
The equation has undergone some minor changes including the equation published by Moore and Burch in, (1986).
 The LS empirical equation used for this study is: 

 The Raster Calculator in the Spatial Analyst extension of ArcMap was used to calculate the LS grid. The Raster Calculator expression of the equation above was: 
4)
3.4.7. [bookmark: _Toc482751434] Support practice factor (P)
The Support Practice Factor (P) defined as the ratio of soil loss with a specific support practice to the corresponding soil loss with straight row upslope and down slope tillage. The P factor accounts for control practices that reduce the erosion potential of the runoff by their influence on drainage patterns, runoff concentration, runoff velocity, and hydraulic forces exerted by runoff on soil. The supporting mechanical practices include the effects of contouring, strip cropping, or terracing. P-factor also analyzed using land use type like shrub land, forest land, cultivated land and all land use type etc. 
Attributes of Overall RUSLE Data 
Prior to converting the R factor, and P  factor vector data layers into raster grids, a new field needed to be added to each  layer’s attribute table. The new field added to the attribute table housed the C factor values for each land cover polygon in the sub catchment.
The new field added to the attribute tables housed the K factor values for each soil unit in the sub watershed
The K factor values, including a diversity of other soil property characteristics, are found in separate tabular data that were added to the ArcMap environment, queried and joined to the spatial data layers attribute tables based on common fields. 
 Lastly, a new field was added to each of the R and P factor attribute tables in ArcMap. 
To reiterate, each spatial data layer consists of a single polygon that fits the entire extent of the catchment formed. Then the final stage is now set to begin calculating for RUSLE soil loss by multiplying in the raster calculator. 
[bookmark: _Toc405021622] (
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[bookmark: _Toc488439526]Figure 3 : General methodology of RUSLE factors for soil loss estimation.



Determining temporal changes on the wetland catchment through 1985, 2000 and 2015
Land sat images of 1985, 2000 and 2015 were used to determine change in the mentioned years using Arc GIS 10.3. Shape file was created in Arc catalog 10.3 and displayed on ArcMap 10.3. The  area  of  the  created  shape  file for each land use class was calculated  and  compared  for  each year. The temporal trend of change in hectare was analyzed using excel 2007 software.
Changes through these periods analyzed for each land use land cover on the wetland areas. These changes within each land use classification were analyzed and compared. Different comparison statistics were employed: area coverage for each land use class and percentage of coverage calculated. Temporal change detection employed within each land use within the last 30 years.

Where,   TRC is temporal rate of change in each land use land cover, CA is current area, PA is previous area
Analyzing farmer’s perception on manmade or natural factors contributed to soil erosion in the catchment
To address objective of identifying contributing factors for soil erosion in the catchment that resulted in the devastation of wetland sub- catchment, prepared questionnaires, focus group discussion with key informants were used. Views and perception of respondents who have longer residence in the area and have enough knowledge on the area analyzed through statically method using of Mean, percentage and frequency. 
In order to analyze such factors stratified sample method undertaken. Dividing targeted population in to strata or group i.e., those are living within wetland areas /at lower part of the catchment and those are living upper part of wetland. Since the catchment located within south people nations nationalities region and Oromia region, the consideration of the both community have taken in to account because the human impact on the area is sum effect of both community and the also have deep knowledge on the area.  In this study by considering all situation in the account 40 of sample size from both community were used whose age above 45 years. To obtain sampled households for the interview simple random sampling method were employed in the interested area.  Among these 25 respondents from lower part of the catchment areas and 15 respondents from upper part of the catchment selected randomly. Here different value range of rating farmer’s perception taken in to consideration like value ranges  (0-5%)  rates very low (5-10% ) rates  low, (10-20%) value ranges rate as  moderate, value  a ranges (20-30%) rated as  high and value ranges above 30% rated as very high. 







4. [bookmark: _Toc482751435]RESULTS AND DISCUSSIONS
4.1. [bookmark: _Toc482751436] RUSLE Parameter Estimation for Soil Loss
4.1.1. [bookmark: _Toc482751437] Rainfall erosive factor estimation
The mean annual rain fall according the data obtained from three gauge stations is 914 mm. According to regression equation (1) given in the methodology R factor obtained as the  equation  given  by  Hurni,(1985 ), which  is  derived  from  spatial  regression  analysis  (Hellden,1987)  for  Ethiopian conditions  based on the availability  of  mean  annual  rainfall  (P).  
[bookmark: _Toc488678344]Table 8: Mean annual Rainfall and corresponding R-factor value of the study area from 2000-2014
	Station 
Name

	Elevation
(m.a.s.l)
	  Mean  annual Rf mm
	R- Factor
(MJ mm ha-1 hr-1 yr-1)

	
	
	
	

	Shashemene
	1943
	762
	420.124

	Wodo genet
	1770
	1021
	562.682

	Hawassa
	1701
	960
	531.4

	Mean 
	
	914.33
	504.735



 As shown in the Table 5 Rainfall erosivity factor (R-factor) value in the study area is ranges 420.124 MJ mm ha-1 hr-1 yr-1_531.4 MJ mm ha-1 hr-1 yr-1and the average value is 504.735 MJmm ha−1yr−1. Since R-factor is proportional and depends to annual rain fall, the R- factor is varying due to the variation in annual rain fall. This indicates that areas having high annual rain fall has greater erosive factor which aggravated with slope factors. The gauging station with high R-factors also contributed to soil erosion. According to this analysis gauging station that situated in the Wondogenet area have high influence in the catchment.
The analysis for R factor of mean annual rain fall for three stations in the study area showed R- value ranges from 420.2 to 1789. The  average  rainfall  for each  gauge stations was calculated and a  point  shape  file  was created  using  ArcCalalog10.3  software and finally R-map produced.
[image: C:\Users\DELL\AppData\Local\Temp\Rar$DIa0.793\R_Factor.jpg]
[bookmark: _Toc488439527]Figure 4 : Map of R-factor
As shown in the Figure 5, four gauging stations have played greater role for the erosion impact   in the study area. According analysis of R- map in the study area, station situated in the eastern part of the Wondogenet is most influential to the catchment because it covers highest area compared to other. The next is Haissawita that found at escarpments of the catchment is second influential gauging station. Whereas, Hawassa gauging station that found at lower part of the catchment is third the influential station and the other fourth is Shashemene gauging station that found in the upper Northern part of the catchment.
[image: F:\.Trashes\anek\Thisson_Tikurwuha.jpg]

[bookmark: _Toc488439528]Figure 5 : Map of Thissen polygon of four stations in the study area
[bookmark: _Toc482751438]4.1.2. Estimation of land use land cover factor management (C factor)
The  cover  management  factor  (c-factor)  reflects  the  effect  of  cropping  and management  practices  on  the  soil  erosion.  The C factor is a numerical value ranges from 0 to 1 in which cover management values closer to 0 are less prone to soil erodibility high erodibility of value prone 1. 
[image: ]
[bookmark: _Toc488439529]                                  Figure 6 : Map of C factor of the area
As shown on the Figure 6 land cover factor value in the study area classified in the five classes according main land uses types. This C values ranges from low 0.001 to high 0.2. High c value depicts that there is land cover that protects soil erosion and less value shows less land cover effect on soil erosion. This   shows that even if there were highest forest degradation in the last 30 years in the catchment, there is shrub land in the high slope areas. 
As also stated in the Wolka et al, (2015) in the study area, the increasing population pressure is a serious problem that increases forest land conversion into arable land, leading to land degradation. Most of the watershed area, with a high LS-factor and low C-factor has ‘high’ to ‘very severe’ soil loss values. The combination of these important factors, along with erosive rainfall, contributed to a non tolerable soil erosion problem.  This shows that in mountainous watersheds, vegetation cover is the most important factor in reducing soil erosion. In general C-factor value increase with increasing of slope in the catchment and this depicts that even if there were high conversion of forests in the upper catchment, still it has wood and shrub land at the escarpment of the catchment. 
[bookmark: _Toc482751439]4.1.3. Estimation of soil erodibility factor (k-factor).
The K-factor can also be determined in two ways the by identifying color of the soil (Hellden, 1987) and based on the structure of the soil. According to the FOA division of soil based on structure, the study area has clay and loam soils with organic matter content less than 2%.  Addition to this, K-factors  were also selected  from  the structure since  the  two  different  soil  types  have  different  k-factor  values.
The soil  erodibility  factor  (K-factor)  is  derived  on  soil  physical  characteristics  of  particle size, permeability   and  structure.  Since  soil  has  different  drainage  capacity  due  to  physical and  chemical  characteristics,  the  k  values  were  assigned  to  the  soil  map.
For the analysis of K-factors  in the  study area, the major textural classes of the soil  were used  based on the other study undertaken in the area since  the  two  different  soil  types  have  different  k-factor  values. 
k-factor  map  area  was  generated  assigning  the  corresponding  k-value  for  each  soil   types  according to Table 6.
Based on the FAO soil classification, an attribute table for k-factor was created and the corresponding k-value for each soil type was assigned according to Table 6. Finally  feature class of study  area  was converted  to  raster  (grid)  using  k-value  attribute  as  value  field  and  k-factor  map  of  study area was obtained as displayed by Figure 6.
[bookmark: _Toc488439530][image: ]Figure 7: K-factor map
According to the FOA division of soil based on texture, the study area has Clay, Loam, Clay loam, Sandy loam and sandy loam soils. In this study addition to the color type of the soil, soil textures used for the classification.
Analysis of K factor in major texture classes the value rages from 0.15 to 0.29. The higher k value shows the higher prone of topsoil to erosion.
This shows that most of the area  in the catchment dominated by the k –value range  of 0.23 to 0.26 and this implies the most part of the catchment  characterized with erodible soil. 
[bookmark: _Toc482751440]4.1.4. Estimation of slope length gradient factors (LS-factor)
It  is important  to  note  that  there  are  number  of  problems  unique  to  the  DEMs  that  need  to  be addressed.
The slope gradient (S-factor) influences flow velocity and thus the rate of erosion. Slope length (L-factor) describes the distance between the origin and termination of inter-rill processes. LS is referred to be known slope length gradient. 

[image: ]
[bookmark: _Toc488439531]Figure 8 : LS factor map of the area
 The overall process (steps) to determine LS factor is presented in equation 3&4 the value of slope length and slope gradient were derived from DEM (figure 3) of resolution 30mx30m. To estimate factor, flow accumulation and slope gradient layers are required. The flow accumulation layer was used to estimate slope length (x). The technique is based on the principle the flow algorism distribution flow according to relative slope of downhill pixels.
The Ls factor value in the study area ranges from 0.029 to high as 404.20 and hill slope  part of catchment has high Ls factor and an area within  these slope classification played greater role on soil loss in the catchment than lower  part of the catchment. 
According to this analysis, LS factor in the study area have greater influencing potential for soil loss in the catchment. This also facilitated with longer the slope length the higher amount of cumulative runoff and the steeper the slope the higher the runoff velocity which contributes to erosion. 
[bookmark: _Toc482751441]4.1.5. Estimation of erosion conservation /land Management practice factor (P-value)
The conservation practices factor (p-values) reflects the effects of practices that will reduce the amount and rate of the water runoff and thus reduce the amount of erosion. It depends on the type of conservation measures implemented and requires mapping of conserved areas for it to be quantified. The values suggested for the P-factor are presented in (Wischmeier and Smith 1978).   
As shown below Figure 9, the land management factor in the study area classified according land use type within slope classification. The larger value in the area shows less land management practice there but, those areas with have high slope in the catchment is susceptible to the erosion due to deforestation that have taken place in the last years while the area with small value of P factor shows even if, no enough land management practice in the area slope has greater influence because the most of the area situated within this area. 
           [image: ]         
[bookmark: _Toc488439532]Figure 9: Land management (P) factor map of the study area
According analysis of DEM of the study area, P- factor depends on the type of conservation measures implemented and requires mapping of conserved areas for it to be quantified. 
 As analysis of  p  factor value  in the catchment ranges from 0.33-0.99, and areas characterized with higher slope have higher  land management value (p-value ) and which  shows no viable land management/conservation  have practiced but there were viable formal land covers that acts as protective from high runoff  in the area. In general  P  value  near to 1,  means  no soil  conservation  practices  are  used,  the  lower  p-value,  the  more  conservation practices  is deemed  to   reduce soil erosion.
4.1.6. [bookmark: _Toc482751442]Slope influence on the soil erosion in the study area
[bookmark: _Toc488678345]Table 9 : slope classification with area coverage in the catchment
	Slope degree
	Area (ha)
	%

	0-10
	39426
	60.83

	10-20
	13717
	21.16

	
	
	

	20-30
	7774
	11.99

	30-40
	2432
	3.75

	>40
	1461
	2.23

	Total
	64810
	100


 
The slope steepness in the study area varies from 0o to >40o (Table 11). The slope of the study area ranges from 0 to >40o. About 39426 ha (60.83%) area of the catchment has situated within lower slope gradient between (0-10o) slopes where high deposition of eroded materials taken place. About 13717 ha (21.16%) of the area situated within slope ranges between (10 -20o), 7774 ha (11.99%) of the area situated within slope ranges between (20-30o), whereas, 2373 ha (3.66%) of the area situated within slope gradient   between (30-40o), and 1461ha ( 2.23%) of the area situated within slope ranges >40o where high erosion taken place in the catchment It also shown on the Figure 6 Ls factor in the study area increase with slope gradient and area of higher slope has larger Ls factor. This shows that higher Ls factors value with sloppy area is leads the soil susceptible to the erosion. The fact also shows that higher deforestation has been occurred in the last years at upper escarpments of the catchment
Slope steepness is one of the criteria for the estimation of erosive potential. Runoff and erosion potential will increases as the slope steepness increase. Based on FAO, (2001) five classes are identified from the slope map of the study area. The lower the slope gradient represents low the lowest runoff potential  and where deposition of eroded materials taken place and the higher the slope gradient  the highest run off and higher erosion taken place.
4.2. [bookmark: _Toc482751443]Soil loss estimation
After we have formulated the C, K, R, and P factor values next we added to the attribute tables and R factor, P factor, slope, and flow accumulation layers converted from features to raster. 
The Raster Calculator was again used to calculate both RUSLE model grids to determine potential soil erosion risk in the sub watershed
[image: ]
[bookmark: _Toc488439533]Figure 10 :  Estimated annual soil loss within slope category

4.2.1. [bookmark: _Toc482751444]Summary of Results for soil loss estimation
All  map  layers  were  generated  for  implementation  of  Rivised Universal  Soil  loss  Equation  (RUSLE) in  a  raster  GIS  environment  approach have developed  as  an  equation  of  the  main  factors  controlling  soil erosion, namely  climate  (R-factor), soil characteristics  (K-factor),  topography  (LS-factor), land  cover  management  (C-factor)  and  support  practice  (P-factor)  for  soil  conservation.  Then  all  the  factors  were  multiplied  in  raster  calculator  (ArcView10.3)  and  the  result (output)  layer  was  generated  which  gives  the  rate  of soil  loss by   erosion at a  pixel  level  in a raster format.
From  the  result  analysis  of  the  soil  loss    in  the study   area  using  a RUSLE  model,  estimated mean  annual soil loss  in terms of whole catchment ranges from 0.003 ton/ha  to 19886.5 ton/ha and  the average   soil  loss  rate  of  the  study   area  is 0.004 to 13.61 ton/ha/yr.  
As stated in the other studies, the  average soil loss  rate  in the  Ethiopia  is  estimated  to  be 12t/ha/ yr, and  it can be higher than this on steep slopes with soil  loss greater than 300 tons per hectare per year where vegetation cover is scant (USAID, 2000).  The result this study also agrees with USAID report of the 2000. As also stated in  FOA  (1984) , the annual  soil  loss  rate  of  Ethiopia  ranges  from  1248-23400  million  tons  per  year  from  78 million of hectare of pasture, ranges and cultivated fields throughout Ethiopia.







[bookmark: _Toc488678346]Table 10: Influences of slope classification on soil loss. 

	Slope classification (in degree)
	                   Rank of soil loss within each of area coverage depending on slope classification  

	
	Total area (in ha) 
	Very low
	Low 
	Moderate 
	High 
	Very high

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

	0-10
	39426
	39425
	60.83
	0
	0
	0
	0
	0
	0
	0
	0

	10-20
	13717
	0
	0
	13717
	21.16
	0
	0
	0
	0
	0
	0

	20-30
	7774
	0
	0
	0
	0
	7774
	11.99
	0
	0
	0
	0

	30-40
	2432
	0
	0
	0
	0
	0
	0
	2432
	3.75
	0
	0

	>40
	1461
	0
	0
	0
	0
	0
	0
	0
	0
	1461
	2.3

	 area (in ha)
	64810
	39426
	13717
	7774
	2432
	1461

	Average soil loss 
	0.004
	0.063
	0.41
	4.11
	13.61

	Rank 
	1
	2
	3
	4
	5


(1=very low, 2=low, 3=moderate, 4=high, 5=very high). According to above illustration, ranks used to show soil loss rate within in the catchment. The value of rank runs from 1 to 5 this shows that the lower the value, the lower characterization of soil loss in the catchment. In this case the rank value 1 indicates that the very soil loss character of sub-catchment which is character of lower part of this catchment and the rank value 5 indicates that the high soil loss character of the sub-catchment and this is mostly shows character of higher slope areas of this catchment.
The soil loss estimated using RUSLE within the catchment showed that, the soil loss rate from high slope areas is highest as compared to the other lower slope areas of the catchment. 
 In generally, from the total area, 18% of the catchment have characterized with medium to high slope. But, this part known by its more contribution to soil erosion to the other lower part of the sub- catchment. On other hand, other  part of the catchment characterized with very low soil loss at lower slope area  indicates that the soil loss from the upper area of the sub- catchments is almost deposited within the flat swampy areas of the lower part of the  study area.  
Generally, this finding indicated that the rate of soil loss increase with increasing slope steepness in the catchment which facilitated by high rain fall and from destructed areas of former forest cover. This method provide that the identification of different useful factors for the assessing soil loss rate at different slopes by using different criteria’s is reasonable and acceptable. Therefore, according to this findings, more attention should be given to slope classes greater than 400, and ranges between 300-400 and 200-300, respectively and also due attention should be considerable for the low slope areas which susceptible to the deposition and siltation from overall whole catchment while planning and  implementing  soil and water conservation measures is in the study area. This doesn’t mean that to give less attention to those slope category with very low to low soil loss classes in the areas this is to indicate the parts of the slope that need high priority for SWC implementation using the available resource. 
4.2.2. [bookmark: _Toc482751445]Data Quality assessment
The  validity  assessment was done during  the estimation of each  factors of  RUSLE so  that a quality  output  could  be  obtained  and  in  order  to  prevent  introduction  of  wrong  input through specific type of  factor estimation which may   lead  to wrong output and conclusion.  
The attempts made to increase quality of output in generation of each factors is elaborated as follows:
R factor:  The rainfall stations which are within the altitudinal range to the study area are used.  Those stations which have high range of mean rainfall were rejected.
K factor:   Since the erodibility of the soil is affected by soil type, texture and organic matter content, an attempt was made to include these parameters.
LS factor: DEM of 30m resolution was used instead of 90m which results better output.   
C factor: The supervised classification of LULC was done with higher overall accuracy
P factor:  collection of primary data and field observation for soil conservation practices using questioner and interview of senior residents of the area.
4.3. [bookmark: _Toc482751446]Land use land cover change analysis of 1985, 2000 and 2015 on catchment.
 
Changes  in  land  cover driven  by  land use  can  be  categorized  into  two  types:  modification ion and  conversion (Loppiso, 2010). In this study different land use class were identified in catchment are cultivated land, shrub land, grass land, forest land, marsh land and mixed forest land and built ups. In the 1985 six land use classes were indentified in the catchment like forest land, mixed forest, shrub land, cultivated land and grass land.
[image: F:\ashut\LULC_1985.jpg]
[bookmark: _Toc488439534]Figure 11: Land use land cover map of 1985 of the Tikurwuha catchment.
To explain briefly and as shown on Figure 12 in the 1985 there are six land use classification in the catchment identified: cultivated land, forest land, shrub land, marsh land, grass land and mixed forest land. 
At the beginning in this system cultivated land and shrub land were covered the most of the area in the catchment while marsh land and forest land were covered smaller area compared to others land class in this system. 
[bookmark: _Toc488678347]Table 11:  six land use classification of catchment of 1985
	
	Land use classes
	Area coverage in Ha
	Area coverage in %

	1
	Forest
	2950.78
	4.55

	2
	Mixed Forest 
	10347.14
	15.96

	3
	Cultivated land 
	20932.41
	32.30

	4
	Shrub land 
	13513.60
	20.85

	5
	Marsh land 
	3609.92
	5.57

	6
	Grass land
	13456.50
	20.76

	
	Total 
	64810
	100



Figure 13 below shows that six land use classes of 2000 years in the catchment. They are, land forest land, shrub land, mixed forest, cultivated land, marsh land and built ups lands.  The grass land use class which were observed in the former classification of 1985 was absent in the 2000 years. This is because of expansion of agricultural lands and built ups lands have taken place in the catchment in this time years.
[image: F:\ashut\LULC_2000.jpg]

[bookmark: _Toc488439535]Figure 12: Land use land cover map of 2000 of the Tikurwuha catchment.


[bookmark: _Toc488678348]Table 12: Land use classification of the 2000

	No 
	Land use classification 
	Area coverage in Ha
	Area coverage in %

	1
	Forest 
	4409.01
	6.80

	2
	Mixed forest
	18549.32
	28.62

	3
	Cultivated land 
	31912.55
	49.24

	4
	Shrub land 
	6876.45
	10.61

	5
	Marsh land 
	2441.40
	3.77

	6
	Built up
	621.27
	0.96

	
	Total 
	64810
	100


Here as depicted in the table 13, in the 2000 there were also six land use classes are cultivated lands, forest land, mixed forest land, shrub land and built up land.  Mixed forest and cultivated land were covered larger area while forest, marsh land and built up were covered smaller area compared to the other land use class respectively. Formerly in the 1985 years there were no such a significant built up areas so it is reason why it not appear in this year land use classes but, in the 2000 years it appears as other land use class. 
As shown on the table 12 and 13, the cultivated land has been increased at some extent while marsh land has shown decrease at the highest rate within in the same period.
As illustrated by Table 12, at the initial state of in the 1985, the area covered with marsh land were 3609.92ha (5.57%) of whole catchment. But,  in  2000, this was  decreased  to 2441ha (3.77%) on  the expense  of  grass  land and  cultivated land. In this system expansion of cultivated land is much more than any other land cover. On the other hand cultivated land were 20932ha (32.30%) in the 1985 but this increased to 31912.55 ha (49.24%) in the 2000 and has shown increase within 15 years. The area were covered with mixed forest in the 1985 were 10347.14 ha (15.96%) but this increased to 18549.32 ha (49.24%) in the 2000 



[image: F:\ashut\LULC_2015.jpg]
[bookmark: _Toc488439536]Figure 13: Land use land cover map of 2015 of the Tikurwuha catchment.


[bookmark: _Toc488678349]Table 13: Land use classification of the 2015

	No 
	Land use classification 
	Area coverage in Ha
	Area coverage in %

	1
	Forest 
	1261.97
	1.95

	2
	Cultivated land 
	33080.50
	51.04

	3
	Mixed forest
	15092.25
	23.29

	4
	Marsh land 
	1651.74
	2.55

	5
	Grass land 
	12744.90
	19.67

	6
	Built up
	1179.54
	1.82

	
	Total 
	64810
	100



 Generally, the areas occupied by in each land use land cover have shown fluctuation between 1985, 2000 and 2015 years.  However, as human settlement expanded, land became scarce and, most of the land was turned into crop land for the food security reason and destruction of forests for fuel and other purpose. The decrease of an area that were covered with marsh land has observed at the lower part of areas of the wetland areas  and also water  dried up lands assessed during primary observation. An area covered with grass land in 1985 in the system was 13456.50 ha and (20.76%) of the whole system. In the 2000 years, the area that were covered with grass land was totally changed to other land use type of built ups and cultivated lands.  But, in 2015 years this reappeared again by conversion of shrub land to grass land in the catchment and this has shown 12544 ha (19.36%) of the system in the catchment. 
Reasons for decrease in the grass land area in the 2015 compared to 1985 were high rate expansion of cultivated land in the catchment. An area covered with cultivation was 20932 ha (32.30%) in the 1985 and 30680.50 ha (47.54%) in the 2015. Within this year intervals, removal of forests from escarpment of high slope areas of the catchment and conversion of shrub land to grass land and then finally over all conversion to agricultural land have taken place. Forest area that was covered with 19507 ha (3.03%) in the 1985 increased to 2809.01 ha (4.33%) in 2000 this has shown increase because of the some extents of rehabilitation activities that have taken place within this period in the different parts of catchment. An area that were covered with marsh land in the 1985 was 3609.92 ha and (5.57%) But, in the 2015 this was decreased to 1651 ha and   (2.55%) and collapse of this marsh land contributed to expansion of agricultural land and grass land in the surrounding areas of wetland.
An area covered with shrub land in the 1985 was 13513.60 ha (20.48%) but this was converted in to grass land and cultivated land in the 2000 years.
No built-up areas observed in the 1985 but, in the 2000, it has shown 621.27 ha (0.96%) area coverage and this also has shown increase to 1251 ha (1.82%) in the 2015. 





[bookmark: _Toc488678350]Table 14: comparison of land use land cover change in different land use classification within catchment in the 1985, 2000 and 2015.

	No 
	Land use classification 
	Area in Ha 
	Temporal change  rate in each land use cover type

	
	
	1985
	2000
	2015
	1985-2000
	2000-2015
	1985-2015

	
	
	Ha 
	%
	Ha
	%
	Ha
	%
	%
	%
	 %

	1
	Forest 
	2950.78
	4.55
	4409.01
	6.80
	1261.97
	1.95
	49.45
	-71.32
	-57.23

	2
	Mixed forest
	10347.14
	15.96
	18549.32
	28.62
	15092.25 
	23.29
	79.32
	-18.62
	45.93

	3
	Cultivated land 
	20932
	32.30
	31912.55
	49.24
	33080.75
	51.04
	52.44
	3.66
	58.02

	4
	Shrub land 
	13513.60
	20.85
	6876.45
	10.61
	0
	0
	-49.11
	-100
	-100

	5
	Marsh land 
	3609.92
	5.57
	2441.40
	3.77
	1651
	2.55
	-34.65
	-29.95
	-54.22

	6
	Grass land
	13456.50
	20.76
	0
	0
	12744.9
	19.67
	-100
	-
	-6.74

	7
	Built up 
	0
	0
	621.27
	0.96
	1179.5
	1.82
	-
	89.58
	-

	
	Total 
	64810
	100
	64810
	100
	64810
	100
	
	
	



According to the table 15, between 1985- 2000 & 2000-2015 years, fluctuations have taken place on the each land use class in the catchment.  High collapse in the marsh land was observed in progressively within these three decades. But, within 15 years interval from 1985 to 2000 some extent of increase was observed on the forest land coverage this is as a result of some practical activities that have taken place in this periods but some extent decrease have observed in this land class within 15 years from 2000 to 2015 because of search for more agricultural lands whereas, where as conversion of shrub land to cultivated land and grass land from 1985 to 2015 years was observed. The coverage of forest in the 1985 were 2950.78 ha (4.55%) but this was increased to 4409.01 ha (6.80%) in the 2000 and collapsed to 1261.97 ha (1.95%) in 2015, this indicates that within 15 years 49.45% temporal increase has observed because of some better management activities have taken place in this time interval  in the catchment. On the other hand 57.14% temporal decrease has observed within 30 years on the forest cover in the catchment. This is because of vast devastation and conversion forest land covered with forest for the expansion of agricultural land and other land use.
The coverage of cultivated land in the 1985 were 20932 ha (32.30%) but this was increased to 31912.55 ha (49.24%) in the 2000 and 33080.75 ha (51.04%) in the 2015, this indicates that within 15 years from 1985 to 2000 years 52.44% temporal increase has observed and 3.66. % temporal increase has observed from 2000 to 2015years within cultivated land in the catchment. While within 30 years interval from 1985 to 2015 years 58.02% temporal increase in cultivated land has observed in the catchment.
The coverage of shrub land in the 1985 were 13513.58 ha (20.85%) but this was decreased to 6876.45ha (10.61%) in the 2000 and total conversion to grass land and other land uses has taken place within 30 years from1985 to 2015. The coverage of marsh land in the 1985 were 3609.92ha (5.57%) but this was decreased to 2441.40 ha (3.77%) in the 2000 and to the 1651 ha (2.55%) in 2015, this indicates that within 15 years from 1985 to 2000 years, 34.65% temporal decrease has observed on the marsh land and 54.22% temporal decrease has observed in the 30 years on the marsh land in the catchment. This indicates that the conversion on this land use contributed to the expansion of grass land, built up and cultivated lands.  Also visitation of areas showed that there were agricultural practices undertaken around wetland areas by following expanded water dried up swampy areas. 
The coverage of grass land in the 1985 were 13456.50 ha (20.76%) but this was totally changed to cultivated land and other land uses in the 2000 and in the 2015 these also observed again by the total conversion of shrub land to other land use class but slow rate when compared with the previous one. There were a insignificant area covered with  built up at the beginning of the 1985 as shown on the classification  but, this land use class  observed as 621.27 ha (0.96%) in the 2000 and this has shown increase to 1179 ha (1.82%) in the 2015, and some  increase has observed within 30 years on the built up areas. Sub- catchment around the swamp areas is subject to high fluctuations in the water availability in dry periods. When some parts of the swamp turn into grassland, on the other hand in wet period’s this area become part of the swamp again. Fluctuations in rates  of  precipitation  during  previous  months can also cause differences in water availability throughout the years and can cause variations in size  of  grassland,  swamp  and  water  body.  In  the  past 3(three) decades,  the  catchment  experienced  a  negative  feedback  between  the  demand  of  water  and  the  expansion  of  agricultural  fields.  As  a  result  of  the  expansion of agricultural fields, more water is pumped from water interring in to wetland as tributary for irrigation in the upstream area  of  the  wetland,  which  results  in  drying  up  of  the  wetland  and  can  be  used  for  the  expansion  of  agricultural  fields.  The water body which previously was named as Lake Cheleleka decreased to nil or 0 % in 2015 and only tall grass and wider flat land seen in the area.  Loss of forest cover in the upper catchment resulted with significant erosion effects in the wetland system and for the whole catchment.
This effect of soil erosion in the catchment can be considered in two categories. The first one is on-site effect which refers to the consequences of soil erosion on the upslope areas where it occurred. This causes loss of productive soil from upper layer of the soil surface, soil textural change, fragmentation of productive land and others. The second one is off-site effect which refers to the damage out of the areas where soil erosion occurred. This has greatly contributed to siltation (sedimentation) on the cheleleka wetland and its surrounding swampy area. Moreover, off site impact of the erosion seen by the sedimentation of sand and coarse materials coming from the upslope areas has damaged the downstream of these wetland areas.
4.4. [bookmark: _Toc482751447]Result analysis of respondents view on manmade /natural factors for soil erosion contributing to the loss of cheleleka sub- catchment.
[bookmark: _Toc488678351]Table 15 :  The  rating of farmers  attitudes/perception  on  types,  degree  of  severity,   history of phenomena ,history of catchment and soil erosion contributing  factors in the  catchment.

	No



	Farmers     
perception  on  
factors of  the soil 
erosion
	No of respond-ents 
	% farmers perception on identifying major factors 
	Farmers perception  ranking factors 
	No of respondents 
	% farmer perception ranking factors 
	Farmers perception on history of the phenomena  
	No of respon-dents 
	% farmers perception on history of the catchment

	1
	Deforestation 
	32
	80
	Very High 
	19
	47.5
	Recent   
	15
	37.5

	2
	Over grazing 
	1
	3
	Very low 
	5
	12.5
	Old 
	5
	12.5

	3

	Climate 
Change and variability /drought 
	3
	7
	Moderate  
	8
	20
	Recent 
	7
	17.5

	
4
	Expansion of agricultural land 
	4
	10
	Moderate  
	8
	20
	Old 
	13
	32.5

	
	Total 
	40
	100
	
	40
	100
	
	40
	100


Value range and Rate 0-5 very low, 5-10 low, 10-20 moderate, 20-30 high and above 30 very high. As result obtained from the intended respondents, in the catchment both natural and man - made factors contributed to soil erosion and for the loss of wetland sub- catchment. Natural factors contributing to the occurrence of high soil erosion are the nature of catchment.
Topography, rainfall, soil characteristics frequent droughts that resulted in shortage of rain fall. According their view Man made factors also facilitate and contributed for these factors and speeds up natural factors. These are deforestation, unwise use of the catchment, agricultural land expansion, over grazing etc. According information obtained from, 32(80%) respondent who have lived longer in the area, the main cause for loss of wetland sub catchment is degradation of land and removal former natural forest contributed very high rate in the upper part of the catchment and 4(10%) respondents replied searching of additional agricultural land and cutting of natural trees and wood for fuel as a result this end up with high siltation in the lower part of the catchment and finally resulted loss of formerly Lake known as cheleleka. Among respondents of 19(47.5%) responded that deforestation played very high contribution for soil erosion in the catchment. While, 8(20%), 8(20%) recognized and they have knowledge  that factors climatic change and agricultural expansion played significant role and in other way overgrazing  have moderate influences in the area respectively. According their views the catchment is found between two regions of South Nations Nationalities and Peoples and Oromia region and border of both Oromo and Sidama peoples so they compete for grazing land and poses greater negative impact to the catchment by clearing forest grown naturally in the catchment in the past years. 
Farmers in the study area perceived the change phenomena in the catchment in the different ways.
Among Respondents 15(37.5) perceived changes in the catchment as a recent phenomena result by the removal of former forest, 13(32%) perceived changes in the catchment as old phenomena as a result of overgrazing on the catchment, 7(17.5%) perceived changes in the catchment as recent phenomena because of climate change and variability. They answered that they believed that the disappearance of the lake is due to unwise utilization of land by clearing of forests from the surrounding catchment for the expansion of agricultural lands and for the fuel. Moreover, according to the survey data interviewed farmers who have farm land in nearby dried lake shores, 96% of the respondents said that the coverage of the lake before drying up was covered larger area including now wider flat grazing land but now it has shown maximum shrinkage to non existence.  Majority of the respondents, who have been ploughing temporarily and settled around the lost area, responded that once dried up area filled with water at the rainy season and they moved away and on the other hand they return back and settled there again at rain off season. Others responded that they used dried area for grazing purpose at rain off season. 
In the study area, the different study also revealed that the increasing population pressure in the last decades is a serious problem that increases conversion of forest land into arable land, leading to land degradation (Gessesse, 2007). As stated in the previous studies the  Wondo  Genet  catchment  was  also  subject to  many  small  settlements  during  the  last  decades,  which  resulted  in  major  land  use  changes.  Before immigration started, the Wondo Genet catchment consisted of extensive natural forest cover on the upland area and the rift escarpments (Caroline Herder, 2013).
[bookmark: _Toc488439537][image: C:\Users\DELL\Desktop\ALLL FILE\wetland  ethiopiadoc\101MSDCF\DSC04284.JPG] [image: F:\ \DSC04263.JPG]
Figure 14 :  Temporary or recent settlements nearby swampy areas (Source: own, 2015)
	
Deforestation is a serious problem in this study area. The major causes of deforestation are population growth, agriculture, resettlement, grazing, fuel wood and timber exploitation (Tulu, 2011).  As observer in the area up slope areas at the both edge of wetland is degraded areas as result of deforestation and unwise management of the catchment is a serious problem in this area. 
[image: ] [image: ]
[bookmark: _Toc488439538]Figure 15 : Highly degraded grazing areas at hill slope areas in the catchment (Source: own, 2015)
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[bookmark: _Toc488439539]Figure 16 : Dried up areas with long grown grass at the wetland areas and grazing land (Source: own, 2015)
5. [bookmark: _Toc482751448]CONCLUSION AND RECOMMENDATION 
5.1. [bookmark: _Toc482751449] Conclusion
 Natural factors contributing to the occurrence of high soil erosion are the nature of catchment topography, rainfall, soil characteristics. Human factors are deforestation and unwise use of resource and adequate conservation practices. Consequently, the cheleleka wetland catchment has suffered a high sedimentation and siltation problem from the highland areas of its sub-basins. The catchment is characterized with high slope topography ranging from 0.00 to >40% of slope and enclosed with mountain range at its edge.  Almost all Water body in study area lost during 1985-2015 and changed to swampy. Annual soil loss in terrns of whole catchment ranges from 0.003 ton/ha to 19,886.5 ton/ha and average soil loss in the catchment 0.004 to 13.61 ton/ha/yr. The expansion of cultivated land, bare land and decrease of forest lands are the main cause for the increasing of soil erosion and loss of wetland in.  According model   applied, the area of high slope is characterized with severe soil erosion.  In generally, this study found  that  6.05  %  of  the  high slope area  have  annual  soil  loss  rate near to  the  upper  tolerable  limit  from cultivated land according  to Hurni ( 1985) (>16t/ha/y r). In order to sustain catchment currently continues integrated physical and biological soil and water conservation intervention on managing and conserving the catchment resources for sustain wetland system is very crucial issue. Moreover, this measures intended to control and manage the surface flow, should aim at measuring, estimating and temporarily or permanently and it should be integrated with and based on the study of the hydrology, sedimentology, agronomic and other aspects. The interaction between surface and ground water should have to be studied as well since it would ease the decision in conjunctive water use and efficient water storage mechanism. Erosion, sediment transport and deposition should be precisely estimated. The source, size and concentration of sediments have to be measured or simulated with utmost care. The crops, cropping pattern and irrigation practices of the area has to be carefully studied. 
5.2. [bookmark: _Toc482751450]Recommendations
Sever soil erosion in watershed improved with effective LULC management that implemented in a sustainable way as soon as possible. If not, it will not take longer to face whole wetland loss consequently which may cause negative impact on the climate of local, regional and as well as globally. Soil  conservation  and  management  practices  must  be  done  giving  priority   to  deforested areas, wetland  and cultivated lands.
Participatory reforestation activities must be practiced in deforested area in the catchment.
Effective community participatory wetland management and protection must be practice to restore lost part of the Cheleleka Lake.
Further  study   on  the  geological  aspects of  for  the  loss of  the  lake cheleleka wetland  must  be undertaken. 
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7. [bookmark: _Toc482751452]Appendix 

QUESTIONARES
The following questions was asked during semi-structured interview with individual farmers for assessment of Man- made and Natural factors on soil erosion from the catchment and loss of cheleleka wetland.
  Questioner Number: ___________________
Date of interview: Day ______ Month _________ Year __________ Interviewed by: _________
Data Entered: Day _______________ Month _____________ Year ___________
Region: _______________ Zone: ____________
Woreda: ______________ PA: __________Household Number: _________
Part-1 past history of catchment and attitudes of farmers 
1. Where is location of your home and land?
A, at upper part of the wetland catchment B, at lower/in the  wetland catchment   C, outside of catchment 
2. When did you start to live around this area?
A, between 1950-1980 E.C    B, between 1980-2000 E.C   C, between 2000-2007 E.C 
3. Is there any problem on cheleleka wetland catchment?  A, Yes  B,No
4. What type of problem do you observed on cheleleka wetland catchment?
A, Sedimentation on wetland  B, soil erosion on wetland  C ,loss on wetland 
D, Deforestation    E, unknown  
5. Did the cheleleka wetland exist in these places when you started living here? 
A, Yes     B, No
6. How do you describe the factors related to loss of of cheleleka wetland catchment?
A, Very old   B, Young    C,      Recent phenomena    D, unknown  
7. How do you describe the severity of soil erosion in this cheleleka wetland area?
A, sever B, moderate C, no erosion D, Low erosion E, unknown
8. What do you think the major cause of soil erosion in the wetland catchments?
A, Deforestation B, Repeated cultivations, or decimation by fire 
C, land use change D, soil erodibility E, Slope Gradient and Length  
9. Any other information you can give about the factors for soil erosion and its evolution in the catchment?
										
										 
10. Describe how understand the soil erosion in the cheleleka wetland catchment
									
									 
11. What are the visible impacts of soil erosion in the wetland catchment?
A, Land productivity reduction B, wetland land destructions C, Sedimentation on wetland 
E, destruction of settlement and infrastructure   
12. Describe the noticeable changes on wetland over time due to soil erosion?
13. How do you describe the factors related to loss of wetland in the catchment.
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Table 1: attributes of land use land cover classification of 1985
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Table 2: attributes of land use land cover classification of 2000
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Table 3: Attributes of land use land cover classification of 2015
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Table 4: GPS Points taken from cheleleka wetland areas for three land use type.
	
	X
	Y
	Elevation
	Remark

	1
	0449686
	0785809
	1690
	Grass land

	2
	0449794
	0785779
	1690
	Grass land

	3
	0449885
	0785447
	1691
	Cultivated land

	4
	0449973
	0785726
	1691
	Cultivated land 

	5
	0450070
	0785693
	1689
	Grass land 

	6
	0450046
	0785588
	1691
	Cultivated land 

	7
	0450014
	0785491
	1687
	Water body  

	8
	0449885
	0785541
	1687
	Water body

	9
	0440923
	0785569
	1687
	Water body

	10
	0449725
	0785720
	1688
	Grass land
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Figure 1: RUSLE factors
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Figure 2: Grazing area lost area of wetland            Figure 3:  high slope at upper part of wetland 
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Figure 4: Tall grass at water lost area                       Figure 5: Settlement at edge of the wetland 
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