


Land Use Land Cover Mapping and Vegetation Status Analysis of Kechemo Watershed, Keyih Tekli District, Central Zone of Tigray, Ethiopia.

Abstract 
Assessing the Land Use and Land Cover (LULC) type of a watershed is crucial for environmental management, urban planning, agriculture, disaster mitigation and sustainable development. In Ethiopia, Climate Action through Landscape Management (CALM) Program for Results has been participating in land degradation reduction activities. And currently, it has expanded its program in to Tigray region, Kechemo watershed. However, the current LULC type and vegetation status of the watershed have not been studied, making it impossible to observe and evaluate changes resulting from the program's intervention. Therefore, this study was aimed to assess and map the current land use type of Kechemo watershed. Sentinel 2 image (2024 and 2025) was used to determine the land use and the vegetation index of the watershed. The land use type was classified with the help of supervised classification method using support vector machine (SVM) algorithm. Besides, the vegetation index of the watershed was determined using NDVI and OSAVI vegetation index. The results show that the watershed consists of cultivated land (66.94%), shrub land (28.96%), bare land (3.46%), and settlements (0.64%). The overall accuracy and kappa coefficient was 90.04% and 0.87 respectively. In addition, the NDVI and OSAVI value is highest in autumn 
 (0.436) and lowest in winter (-0.111) season. Averagely, about 56.3% and 42.2% vegetation index of the watershed is classified under low vegetation class and bare land respectively. Therefore, it is recommended to give more emphasis to restore the vegetation resource of the watershed to improve the ecosystem service of the watershed.  
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1. Introduction 
1.1 	Background 
Land use land cover (LULC) type of a given area indicates the current and /or history of the land’s utilization type (such as agriculture, settlement, grazing, mining, etc.) of the physical and biological cover over the surface of land, including water, vegetation, bare soil (Nedd et al., 2021; Roy and Roy, 2010). Land use land cover change (LULCC) is one of the human induced alterations of land resource either positively or negatively. Land use land cover change strongly affects the Earth’s eco-environments by altering surface properties. For instance, productivity, water quality and availability, the spread of invasive species, habitats and biodiversity, carbon fluctuations, and climate variability could be influenced by the changing of land cover (Feng et al., 2023; Das, 2014).  
Different studies revealed that Ethiopia has been experiencing a LULC changes caused by various factors. For example, a study by Gebeyehu et al. (2023) in Nyangatom district of Southern Nations, Nationalities and Peoples Regional (SNNPR) state shows that in the period of 1992-2020, water body, open woodland, riverine forest, and dense woodland was reduced  by 23%, 18%, 18%, and 7%, respectively. The researcher described that the main drivers of this land use land cover change were agricultural expansion, overgrazing, and drought, conflicts, invasion of alien plant species and change in policy institutions. Besides, Bufebo and Elias (2021) reported that in the year of 1973 in 2017, forest land was reduced from 29.51% to 20.52% whereas agricultural land was increased from 70.49% to 79.48%. 
Soil erosion is a critical problem in the country which is caused by both natural and anthropogenic factors such as LULC changes through inappropriate agricultural practices and high human & livestock population pressure, deforestation, overgrazing, and climatic variability (Alemu,2015;Teku and Derbib, 2025). A study conducted by Reta et al. (2025) in Dumuga watershed of Abay basin indicates an increment of cultivated land by 14.7% and reduction of forest cover declining by 9.5% caused a soil loss to be raise the maximum soil loss rate from 726.7 tons/ha/year to 937.8 tons/ha/year in in the year between 1993 and 2023. The very severe erosion rate of class has also increased from 41.0% to 54.1%.  
To halt land resources deterioration, different local & international projects and programs such as SLMP, MERET and PSNP have been doing land management and conservation activities. Besides, Climate Action through Landscape Management (CALM) Program for Results has been participating in the land management and conservation activities in Ethiopia. This program encourages to establish watershed users’ associations, and provides results-based support to incentivize field-based interventions to scale up participatory watershed management activities to reduce land degradation (World Bank, 2019a and 2019b). 
After pausing the 2020s war in Tigray through the Pretoria agreement, CALMP4R has expanded its program in to Tigray region. Kechemo watershed is one of the sites of the program that is located in Tigray, Keyih Tekli woreda. However, the current LULC type and vegetation status of the watershed should be assessed before the intervention that will help to observe and evaluate the change after intervention of the program. Therefore, this study aimed to assess and map the current land use type and vegetation status of Kechemo watershed. 
2. Methodology  
2.1. Description of Study Area 
The study area is found in Keyih Tekli woreda, central zone of Tigray which is 106 km away west of Mekelle, the capital of Tigray. Its geographical location is between 1516335.75 – 1519535.39 m north and 497118.56 – 500174.18 m east. The elevation of the site ranges between 1862 and 2340 m above sea level (Fig.1).   
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Figure 1: Location map of the study area: A) in Ethiopia, B) in Keyih Tekli C) in Kechemo 			    Watershed
The rainfall and temperature data of the study area was obtained from IRI – International Research Institute for Climate and Society | ENACTS (columbia.edu) for this study year (2025). Accordingly, the total annual rainfall is 713.53 mm that ranges from 2.07- 252.60 mm monthly whereas the average monthly minimum and maximum temperatures range from 13.4°C to 27.4°C (Fig. 2). 
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Figure 2: Monthly rainfall and temperature of the study area 
2.2. Data Collection and Analysis 
2.2.1. Land use preparation of the watershed 
To prepare the LULC type of the study area for the year 2025, a Sentinel2 image was downloaded from Copernicus Open Access Hub (Table1). Then, a 10 m spatial resolution bands (B2, B3, B4 and B8) were used for the land use classification process. The selected bands were stacked in ENVI 5.3 software and classified with the help of supervised classification method using support vector machine (SVM) algorithm. 70% of ground truth points, which were collected using Global Positioning System GPS in field and google earth were applied for the training purpose, and the rest 30% points were used for accuracy assessment. 
Accuracy assessment has been made through the confusion matrix or error matrix following the procedures outlined by Lillesand et al., (1994) and Story and Congalton (1986). The following mathematical equations were used to analyze producer, user and overall accuracy as well as Kappa coefficient (K);  



Kappa coefficient (K) is a measure of the agreement between two maps considering all elements of the error matrix. It is defined in terms of an error matrix as given below: 

2.2.2. Determining Vegetation Status of the Watershed 
Vegetation indices like Normalized Difference Vegetation Index (NDVI) and Optimized Soil Adjusted Vegetation Index (OSAVI) are important for assessment of vegetation health status (De La Iglesia Martinez and Labib, 2023; Fern et al., 2018). Even though, both NDVI and OSAVI uses the Red and NIR wavebands, OSAVI considers the standard value of 0.16 for the canopy background adjustment factor (Hishe et al., 2024).  
NDVI= (NIR – RED) / (NIR + RED) …………………………………………………….... Eq.5
OSAVI= (NIR – RED) / (NIR + RED + 0.16) ……………………………………….…… Eq.6
So, sentinel2 images for each the 4 seasons of Ethiopia, Summer (Jun-August), Autumn (September-November), Winter (December-February) and Spring (March-May) in the time range of June 2024 up to March 2025 were downloaded from Copernicus Open Access Hub (Table1). Because rainfall distribution between the seasons is different in Ethiopia (Adane & Asmerom, 2025). And this variation of rainfall can affect the vegetation status of the study area. Hence, taking the satellite image from different seasons can control the variation of vegetation index due to climate. The image data were selected based on their availability and cloud coverage per each season. Then, the vegetation status of Kechemo watershed has been assessed using eq.5 and 6 in ArcMap software. The NIR and RED bands were represented by band 8 and 4, which has 10 m resolution. 
Table 1: Satellite image data acquired for the watershed across the seasons 
	Season  
	Satellite data 
	Acquisition date 

	Summer 
	Sentinel2A 
	04 June-2024 

	Autumn 
	Sentinel2B 
	26 November-2024 

	Winter  
	Sentinel2A 
	10 January-2025 

	Spring 
	Sentinel2C 
	11 March-2025 



3. Results 
3.1. Land Use Land Cover Type of the Watershed 
As shown in Figure 3, the study area was categorized into four LULC classes; namely: cultivation land, vegetation (shrub land), settlement, and bare lands. Cultivation land has the highest coverage area (66.92%) in the watershed followed by vegetation (shrub land) (Table2). Settlement land has the lowest coverage (0.64%) of the watershed. This indicates that agriculture is the most important source of income in the watershed. 
The overall accuracy of the land use classification was 90.04% (Table3). The Kappa coefficient (K) value was also 0.87. Based on the rating criteria of kappa statistics (Rwanga and Ndambuki, 2017), the kappa value in this study is classified as perfect. Therefore, as the international standard for digital mapping requires an overall accuracy exceeding 85% and Kappa value above 0.85, the land use class of this study is valid and acceptable. 
Table 2: Land use land cover type and its coverage area of Kechemo watershed 
	SN 
	Land use type 
	Area in ha 
	Area in Percent 

	1 
	Cultivation land 
	365.26 
	66.942 

	2 
	Settlement  
	3.49 
	0.640 

	3 
	Bare land 
	18.86 
	3.456 

	4 
	Vegetation (shrubland) 
	158.03 
	28.962 

	 
	Total 
	545.64 
	100 


 
 Table 3: Accuracy assessment of the land use classification 
	  
	Settlement 
	Vegetation 
	Cultivation land 
	Bare land 
	Total 
	User accuracy 
(%) 

	Settlement 
	34 
	0 
	2 
	3 
	39 
	87.179 

	Vegetation 
	0 
	33 
	1 
	0 
	34 
	97.059 

	Cultivation land 
	0 
	2 
	29 
	1 
	32 
	90.625 

	Bare land 
	0 
	1 
	3 
	26 
	30 
	86.667 

	Total 
	34 
	36 
	35 
	30 
	135 
	  

	Producer accuracy 
(%) 
	100 
	91.67 
	82.86 
	86.67 
	  
	

	Over all accuracy 
(%) 
	
	
	90.04 
	
	
	

	Kappa 
coefficient 
(K) 
	
	
	0.8715 
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                       Figure 3: Land use land cover type of Kechemo watershed 
3.2. Vegetation Status of Kechemo Watershed 
An NDVI value ranging from 0-0.1 is classified as bare land (USGS, 2018). So NDVI and OSAVI value classified above 0.2 was considered as land covered with different vegetation density classes (Hishe et al., 2024) as shown in table 4. 
Table 4: Vegetation status of Kechemo watershed 
	Vegetation index 
	Vegetation index range and watershed area in percent 

	
	Bare land 
 (0-0.1) 
	Low 
 (0.1-0.2) 
	Medium 
 (0.2-0.3) 
	High  
(0.3-0.4) 

	NDVI area covered (%)
	42.236 
	56.302 
	1.429 
	0.033 

	OSAVI area covered (%)
	42.243 
	56.294 
	1.429 
	0.033 


As can be seen in Table 5, the value of NDVI and OSAVI was not varied. So, the average NDVI and OSAVI of the watershed ranges from -0.055 to 0.372 with overall mean of 0.112(±0.034). The lowest NDVI and OSAVI value was recorded in winter season; whereas autumn season has the highest value. Similarly, autumn season has the highest mean of NDVI and OSAVI followed by winter, spring and summer respectively (Fig.4 &5). June month is the beginning of rainfall for summer season whereas November is the ending month of autumn season in which the rainfall season is stopped. So, the higher value of NDVI and OSAVI in autumn season can be due to the better vegetation cover and health resulted by the better rainfall distribution started in June. This result shows that the watershed becomes green following the rainfall start from June (in summer) and dries in autumn season when the rainfall stops. Based on the result in Table 4, the highest area (~56.3%) of the watershed is under low vegetation cover and about 42.2% of the watershed is under bare land. Hence, the watershed categorized under very low vegetation index (Fig.6).  
Table 5: Descriptive statistics of NDVI & OSAVI 
	Season 
	Minimum 
	Maximum 
	Average 
	Standard deviation  

	
	NDVI 
	OSAVI 
	NDVI 
	OSAVI 
	NDVI 
	OSAVI 
	NDVI 
	OSAVI 

	Summer 
	-0.015 
	-0.015 
	0.336 
	0.336 
	0.085 
	0.085 
	0.024 
	0.024 

	Autumn 
	-0.068 
	-0.068 
	0.436 
	0.436 
	0.137 
	0.137 
	0.045 
	0.045 

	Winter  
	-0.111 
	-0.111 
	0.415 
	0.415 
	0.136 
	0.136 
	0.046 
	0.046 

	Spring  
	-0.0244 
	-0.024 
	0.299 
	0.299 
	0.088 
	0.088 
	0.028 
	0.028 

	Average 
	-0.055 
	-0.055 
	0.372 
	0.372 
	0.112 
	0.112 
	0.034 
	0.034 


 
 

Figure 4: OSAVI of Kechemo watershed across seasons 
 

                       Figure 5: NDVI of Kechemo watershed across seasons
 
 

Figure 6: Vegetation status of Kechemo watershed based on NDVI and OSAVI vegetation indexes 4. Discussion  
Analyzing land use land cover type, and vegetation cover status of a given watershed is an interesting to understand & monitor the environment and its resources. Hence, the result of this study shows that the most part of the watershed is covered by agricultural land. This might be due to primary source of income of the community is agricultural activities. However, agricultural land is the main source of human induced greenhouse gas emission (Omotoso et al., 2024). Because expansion of agriculture causes deforestation that help to reduce CO2 concentration. Likewise, only 28% of Kechemo watershed is occupied by vegetation. As a result, the average value of vegetation index (NDVI &OSAVI) of the watershed is low. This clearly indicate that the watershed is affected by scarcity of soil organic matter inputs, like litters, that amends the soil health and its productivity potential. Soil organic matter content plays a vital role on the binding of soil particles and their ability to resist detachment by rainfall and runoff. It also recovers the soil's water holding capacity that reduces the risk of generating potentially erosive overland water flow. Similarly, it supports soil biology (such as earthworms, fungi, bacteria and plant root exudates) which helps to improve soil aggregation and soil structure, stabilizing soil pore networks and connectivity. This facilitates infiltration of rainfall and reduces the risk of overland flow generation (Rickson, 2023; Louise et al., 2020). 
When the vegetation cover is reduced, not only the inputs for SOM are diminished, but also the soil and land surface temperature is expected to be increased (Yu et al., 2022). Consequently, the microorganisms of the soil are damaged due to the shortage of organic matter and increasing of soil temperature. Because soil microbes are sensitive to temperature (Fang et al., 2021). Finally, this can lead to the releasing of carbon, which could be stored in the soil with the help of microorganisms, to atmosphere. The microclimate of the watershed could be altered, which affects the livelihood of the community. So, a priority should be given to the climate smart agriculture as well as vegetation restoration activities in Kechemo watershed. 
 
5. Conclusion 
In conclusion, this study was conducted to assess and document the LULC type and vegetation status of Kechemo watershed, central zone of Tigray, which is among the sites under CALM program for result. So, the result this study shows that the watershed has 4 land use types (namely: cultivation land, settlement, bare land, and vegetation/shrub land). The cultivation land has the highest coverage area in the watershed. The watershed is covered by vegetation/shrub land followed to cultivation land. The overall accuracy was 90.04% while the kappa coefficient value was 0.87. 
In addition, the NDVI and OSAVI value of the watershed reaches up to 0.436 in autumn season. But it is lowest in winter season (-0.111). But in average, about 56.3% coverage of the watershed is classified under low vegetation class while the 42.2% of the watershed’s area is under bare land. 
Therefore, it is recommended to give more emphasis to restore the vegetation resource of the watershed to enhance the soil nutrients, mitigate carbon emission and climate change, and thereby improve the ecosystem service of the watershed. This study is limited to a specific watershed with a single study angle that didn’t consider the past LULC and vegetation history of the watershed. In general, this study will be used as baseline for observation or evaluating of the changes in vegetation status as well as land use types due to the intervention of CALM program for result. 
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