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Abstract. 
The Abbay River Basin, which originates in Ethiopia, is a major tributary and main source of the Nile River Basin. Land cover and vegetation in the Abbay River Basin is highly susceptible to climate change. This study was conducted to investigate the trends of climate change for a period of thirty-six years (1980–2016) within selected stations of the basin by using the innovative trend analysis method, Mann–Kendall test, and Sen’s slope estimator test to investigate the mean annual precipitation and temperature variables. Changes in land cover and vegetation in the Abbay River Basin were studied for a period of thirteen years (2001–2013) by using remote sensing, GIS analysis, land cover classification, and vegetation detection methods to assess the land cover and vegetation in the basin. In addition, Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI), and Transformation Matrix were employed to analyze the spatial and temporal patterns of land cover and vegetation impacted by changes in climate. The result reflects that the trend of average annual temperature was remarkably increased ( = 0.12, Z = 0.75) in the 36-year period, and the temperature was increased by 0.5°C, although precipitation had slightly decreased during the same period. In the thirteen years’ period, forest land and water resource decreased by 3429.62 km2 and 81.45 km2, respectively. In contrast, an increment was observed in grassland (2779.33 km2), cultivated land (535.34 km2), bare land (43.08 km2), urban land (0.65 km2), and wetland (152.66 km2) in the same period. In the study, it was also observed a decrease of an NDVI value by 0.1 was observed in 2013 in the southern part of the basin. The findings of the present study illustrate a significant change in eco-hydrological conditions in the ARB with an adverse impact on the environment. Hydroclimatic changes caused the increase in temperature and decreasing trend in precipitation which significantly impacted the land cover and vegetation in the basin. The changes in land cover were mostly caused by global and local climate influence which mainly affects the hydroclimate and eco-hydrology systems of the basin. The result is consistent with that of the previous studies conducted elsewhere. The findings of this paper could help researchers to understand the eco-hydrological condition of the study basin and become a foundation for further studies.

1. Introduction
Climate change is a major factor, which directly influences land cover and hydrology systems. In the past five decades, a global climatic change had been observed, leading to the changes in the hydrological cycle [1]. Climate change affects water resources by disrupting the hydrological system mainly through a change in quantity and quality of water, erratic water flow, timing, groundwater recharge, and others. Thus, future policies on water resources planning, development, and management should consider the impacts of climate change on land cover and water resources [2–4]. In addition, other forces of change such as demographic trends, climate variability, and national and macroeconomic policies alter the land cover which could, in turn, impact the hydrologic system [5]. Deforestation and plantation were the key factors of the land cover change. It is well-known that deforestation is a major cause of serious global environmental crisis [6]. As previously reported [6], deforestation of natural forests is a common phenomenon in the study basin. The land cover change could greatly alter the provision of ecosystem services. Vast areas of native grasslands, natural forests, and wetlands around the world had been destroyed and converted into croplands (for food production), tree plantations (for timber), and urban areas (housing). This alteration of the natural system had seriously impacted ecosystem services and biodiversity [5]. In developing countries, in particular, deforestation of forestlands had significantly been accelerated due to human needs for more agricultural lands for food production [7]. Another main cause of climate change is natural factors, which can bring either direct or indirect changes [8]. Land cover change, in general, is a key indicator of climate and human impacts on the environment. These include settlement and agricultural history, population growth and mobility, farming system practices, land and tree tenure systems, markets, and infrastructure and technological changes [9]. Land cover change is a very important topic in global change research. In the global scope, it plays an important role in the hydrothermal cycle of the global land water system [10]. As noted in the previous study [11], a land cover change had significant impacts on a global environmental change that affects the quantity of water in the ecosystems.
The Abbay River Basin has a dynamic change in land cover exacerbated by a high rate of population growth and climate change in the region. There is evidence that had shown forest lands being replaced by food crops [12]. Croplands usage is primarily shifted to coffee or Eucalyptus tree plantation [12]. Recent reports had also shown a significant increase in urbanization in the region with a higher rate (16%) of urban population growth [13, 14]. The high demands for fuelwood and construction materials have significantly enhanced the plantation of Eucalyptus trees in the region [15]. These shifts in land cover profile had cascading effects on ecosystem services and pose serious challenges in the region [16]. In this study, we analyzed the overall trends and changes of the land cover on ecosystem services using a transformation matrix for a period of 13 years (2001–2013) and historical climate change trends for 36 years (1980–2016). The study had also analyzed vegetation evolution assessment to identify the level of change in vegetation cover using Normalized Difference Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI).
2. Materials and Methods
2.1. Study Area
Abbay River Basin is located in the northwestern region of Ethiopia between 7°40′N and 12°51′N latitude and 34°25′E and 39°49′E longitude. It covers an area of 199,592.17 km2 [17] and extends to Amhara, Oromia, and Benishan-gul-Gumuz regional states. It shares a boundary with the Tekeze Basin to the north, the Awash Basin to the east and southeast, the Omo-Gibe Basin to the south, and the Baro-Akobo Basin to the southwest. The country’s largest freshwater lake, Lake Tana, is the source of the Abbay River Basin and is located north of the basin. The basin is subdivided into 16 subbasins based on major rivers in the basin and its tributaries [13, 17, 18]. The Abbay River Basin is a land of dramatic gorges and mountains and is the most important river basin in Ethiopia. It is the major source of water for the Nile River Basin (Figure 1).


	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
	
	
		
	
	
		
	
	
		
	
	
		
	

Figure 1: Digital elevation map (DEM) of Ethiopia and location map of the study area.


2.2. Data Sources
2.2.1. Land Cover Data Sources
The land cover satellite data of the study area were collected from the Ministry of Energy and Water Resources of Ethiopia. The data were found from Global Land Covers Dataset (GlobeLand30) as described by the National Geometrics Center of China in 2014 (Table 1). It shows the name, code, and definition of land cover classification and Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+) data with a resolution of 30 m for thirteen-year period (2001 to 2013). Images data files were downloaded from the United State Geological Survey (USGS) website and extracted to Tiff format files to interpret the land cover spatial pattern data for the 13-year (2001–2013) period. In this study, the expanded classification system was adopted to sufficiently capture the local characteristics of the study area (Table 1). To understand the overall changes in land cover, matrix changes were analyzed and mapped [16]. Prior to classification, pre-image-processing operations including image restoration, georeferencing, and image enhancement were performed. Ecological landscape potential map, topographic, forest, and vegetation maps were chosen for accuracy testing and validation. The accuracy was tested after classification with accuracy assessment tools using representative data points.
Table 1: Land covers types and their detail descriptions in Abbay River Basin.
	

	Land cover types	Code	Description
	

	Bare land	Bl	Areas of land that are poorly covered by vegetation due to erosion, overgrazing, cultivation, mining area, etc.
	Cultivated land	Cl	Lands used for agriculture, horticulture, and gardens, including paddy fields, irrigated and dry farmland, vegetation and fruit gardens, etc.
	Forest land	Fl	Lands covered with trees, with vegetation cover over 30%, including deciduous and coniferous forests, and sparse woodland with cover 10–30%, etc.
	Grass land	Gl	Lands covered by natural grass with cover over 10%, etc.
	Urban	Ur	Lands modified by human activities, including all kinds of habitation, residential, commercial, industrial, transportation facilities, interior urban green zones, etc.
	Water	Wa	Water bodies in the land area, including river, lake, reservoir, fish pond, lands covered by temporally snow, glacier and icecap, etc.
	Wetland	Wl	Lands covered with wetland plants and water bodies, including inland marsh, lake marsh, river floodplain wetland, forest/shrub wetland, peat bogs, mangrove and salt marsh, etc.
	



2.2.2. Meteorology Data Sources
As cited in a previous study [19], the baseline climate scenario represents current climate conditions, particularly precipitation and temperature patterns. As in most climate change studies, this study uses average annual precipitation and temperature data from thirty-six years (1980 to 2016). Data for current climate conditions of the study area were acquired from the Ministry of Energy and Water Resources of Ethiopia, the National Meteorological Agency of Ethiopia. The data were collected from 5 different stations from four regional states and were derived from the National Oceanic and Atmospheric Administration (NOAA), National Centers for Environmental Information (NCEI).
2.2.3. Vegetation Data Sources
Normalized Difference Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI) data were extracted by referencing the Moderate Resolution Imaging Spectra Radiometer Enhanced Vegetation Index (MODIS NDVI) product (MOD13Q1) obtained from NASA. The NDVI was calculated from the MODIS land-surface reflectance values from the red band (610–680 nm) and near-infrared band (780–890 nm) and corrected with molecular scattering, ozone absorption, and aerosols [9]. The MOD13A3 products, which include 12 scientific data sets with a 250 m by 250 m spatial resolution and a 16-day temporal sampling period, were derived from the latest version (Collection 6) from 1st September to 16th September in both 2001 and 2013. The MOD13Q1 products were downloaded from USGS (https://lpdaac.usgs.gov/).
2.3. Methods
2.3.1. Land Cover Analysis
Classified and unclassified maps of the study area were generated based on a classification scheme with a maximum likelihood classifier (Table 1). Abbay River Basin landscape was classified into seven land classes (Figure 2). Land cover maps of the study area for the year 2001 and 2013 were generated from Landsat TM and ETM+ imagery classification. Land cover change extent was determined as previously described [20]. The analysis evaluates the changes in land cover over time to establish the relationship between land cover changes and spatial patterns using overlapping operation. The analysis was conducted using postclassification comparison method where Landsat image for each year was classified and labeled independently followed by a comparison using an overlay procedure [21]. The magnitudes of change in terms of land cover were determined using the method described by [22]. The variables were calculated as follows:where TA is the total area, CA is the changed area, CE is the change extent, and  and  are the beginning and ending times the land cover studies were conducted.


	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
		
	
		
	
		
	
	
	
	
		
	
		
	
		
	
	
	
		
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
			
			
			
			
			
		
		
			
			
			
			
			
		
		
			
			
			
			
			
		
		
			
			
			
			
		
		
			
			
			
		
		
			
			
			
			
		
		
			
			
			
			
		
		
			
			
			
			
		
	

Figure 2: Land cover change extent in 2001 and 2013 of the study area.


It is worth noting here that the widest classification accuracy used by most researchers is in the form of an error matrix, which is used to derive a series of descriptive and analytical statistics. As described in [21, 23], assessment of classification accuracy for 2001 and 2013 images was conducted to determine the quality of information derived from the data. It was coupled with previous knowledge of the area and used as reference data. If classification data are to be useful in detecting change analysis, it is important to perform an accuracy assessment for each individual classification. Kappa coefficient and error matrix are standard measures of the reliability and accuracy of the maps produced. The Kappa statistics were determined in this study while the methods were described in detail in the previous studies [24, 25]. Kappa coefficient was calculated using the following equations [21]:where K is the Kappa coefficient,  is the number of times the k raters agree, and  is the number of times the k raters are expected to agree only by chance [26], A and D are the unchanged categories, A1 and B1 are the subject’s categories, and N is the change of results.
2.3.2. Vegetation Analysis
Normalized Difference Vegetation Index (NDVI) metric and the coarse spatial resolution were primarily used for testing possible methodologies and were supported by ground-based information [9]. Vegetation attributes were used in various models to study photosynthesis, carbon budget, water balance, and related terrestrial processes [27]. The MODIS Vegetation Index was developed within 16 days of variation, and at multiple spatial resolutions to provide consistent spatial and modern comparisons of leafy surroundings, a composite property of leaf area, chlorophyll and canopy structures. The common compositing time of 8–14 days provides at least 25–30 global NDVI datasets per year as described in [28]. These products characterize more effectively the global range of vegetation states and processes. The MODIS Normalized Difference Vegetation Index (NDVI) complements NOAA’s Advanced Very-High-Resolution Radiometer (AVHRR) NDVI products and provides continuity for time series historical applications. Enhanced Vegetation Index (EVI), which minimizes canopy soil variation, was used to improve sensitivity over dense vegetation conditions. Vegetation cover was determined using the NDVI and EVI matrices (Figure 2). Normalized Difference Vegetation Index (NDVI) is the most widely used vegetation index to distinguish between healthy vegetation from others (e.g., nonvegetated areas) [25]. NDVI is one of the indicators for the vegetative greenness of an area, and therefore, changes in NDVI are changes in vegetation and vegetation indices, which is an indirect indicator of plant biomass and vegetation activity [27, 29]. It is derived using the following expression:where NIR is the near-infrared and RED is the red channel of the electromagnetic spectrum, corresponding to bands 2 and 1 of the MODIS (MOD13Q1) product.
The study also explored the conceptual and methodological issues that arise when scaling the use of NDVI for obtaining information on land cover from country to the study area scale. The second vegetation layer is the Enhanced Vegetation Index (EVI), which has improved sensitivity for high biomass regions and was calculated using the following equation:where NDVImax and NDVImin represent the maximum and minimum NDVI values for each vegetation (forest, grassland, shrub land) class. Afterwards, the values of the cover density index were classified into four ranges (<20, 20–50, 50–80, and >80%). Integration, spatial analysis, and any calculations were carried out in the GIS environment (QGIS 1.8, GRASS 6.4.2). The geographic information was projected to WGS84 UTM zone 33.
2.3.3. Meteorology Analysis
Metrological data like average annual Temperature and precipitation data from 5 stations were investigated in the Abbay River Basin from different representative stations of the study area (Table 2). Based on the class of the stations, the number of climate variables collected varies from stations to stations. Observe the selected climate stations in the Abbay River Basin are taken into indicator in the following table classification class’s considerations. Climate data were calculated on 5 metrological stations of Assosa, Bahir Dar, Gondar, Nedjo, and Motta for analytical mathematics method.
Table 2: Names of meteorology stations, longitude, latitude, and elevation of the study area.
	

	No.	Name of stations	Longitude E	Latitude N	Elevation (m)
	

	1	Bahir Dar	37°22′59.99″E	11°35′59.99″N	1770
	2	Gondar	37°27′59.99″E	12°35′59.99″N	1967
	3	Motta	37°51′59.99″E	11°04′60.00″N	2440
	4	Assosa	34°30′59.99″E	10°03′60.00″N	1600
	5	Nedjo	35°29′59.99″E	9°29′59.99″N	1800
	



(1) Innovative Trend Analysis Method (ITAM). The innovative trend analysis method (ITAM) divides a time series into two equal parts, and it sorts both subseries in the ascending order [6, 30–34]. Then, the two halves are placed on a coordinate system  on X-axis and  on Y-axis. If the time series data on a scattered plot are collected on the 1 : 1 (45°) straight line, it indicates no trend. However, the trend is increasing when data points accumulate above the 1 : 1 straight line and the trend is decreasing when data points accumulate below the 1 : 1 straight line. The mean value difference between  and  could give the trend magnitude of data series. The first observed data point was not considered in this study when classifying the time series data into  and  data points have a different size (Figure 3).


	
		
	
	
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
			
				
			
		
	
	
		
	
		
	
		
	
		
	
	
		
	
	
	
		
	
		
	
	
		
	
	
	
		
	
		
	
		
	
	
	
		
	
	
	
		
	
		
	
	
	
		
	
	
		
	
		
	
	
	
	
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
		
	
		
	
		
	
		
	
	
		
	
		
	
	
		
	
		
	
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
		
	
		
	
		
	
		
	
		
	
	
	
		
	
		
	
	
	
		
	
		
	
		
	
		
	
	
		
	
		
	
	
	
		
	
		
	
		
			
				
			
				
			
		
	
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
	
	
		
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		



Figure 3: Paradigmatic of the ITA method.


Annual precipitation is 36 years from 1980–2016, and annual temperature is 36 years from 1980 to 2016. The direction of the trend is also affected by  data series. The trend indicator of ITAM is multiplied by 10 to make the scale similar to the other two tests. The trend indicator is given as follows:where  = trend indicator,  = number of observation on the subseries,  = data series in the first half subseries class,  = data series in the second half subseries part, and  = mean of data series in the first half subseries part. A positive value of  indicates an increasing trend. However, a negative value of  indicates a decreasing trend. However, when the scatter points are closest around the 1 : 1 straight line, it implies the nonexistence of a significant trend.
(2) Mann–Kendall Trend Test. The Mann–Kendall (MK) trend test is a nonparametric test commonly employed to detect changing trends in a series of environmental data, climate data, or hydrological data [28, 31, 35–37]. The Mann–Kendall (MK) test method also shows upward and downward trends with statistical significance. The strength of the trend depends on the magnitude, sample size, and variations of data series. When the data point of later year is larger than the data point of the previous year, the MK statistics is increased by one otherwise the MK statistics decreased by one. Thus, the MK statistics is the cumulative result of all the data values. The Mann–Kendall test statistics “S” is then equated as follows:
The trend test is applied to  data values  and . The data value of each  is used as a reference point to compare with the data value of  which is given as follows:where  and  are the values in periods  and . When the number of data series greater than or equal to ten , the MK test is then characterized by a normal distribution with the mean  and variance  is equated as follows:where m is the number of the tied groups in the time series and  is the number of ties in the  tied group. The test statistics  is as follows:
When  is greater than zero, it indicates an increasing trend and when  is less than zero, it is a decreasing trend.
(3) Sen’s Slope Estimator Test. Sen’s Slope Estimator has been used extensively in meteorological time series and equally applicable where data gap exists [38]. The trend magnitude is calculated by slope estimator methods. The slope  between two data points is given by the following equation:where  and  are data points at time  and , respectively. When there is only single datum in each time, then ; n is the number of time periods. However, if the number of data in each year is high, then ; n is the total number of observations [39]. The  values of slope estimator are arranged from smallest to biggest. Then, the median of slope () is computed as follows:
The sign of  shows whether the trend is increasing or decreasing. When  is positive, it means that there is an increasing or upward trend, while the negative value of  reveals decreasing or downward trend in time series analysis. Similarly, zero value indicates no trend.
3. Results and Discussion
3.1. Classification of Land Cover Type and Change Detection
The results show a degree of land cover changes over a period of 13 years (2001–2013). During this period (2001–2013), grassland was the dominant vegetation type followed by cultivated land and bare land (Table 3; Figures 2 and 4). In the same period, it was observed that the forest land and water bodies were reduced (Table 3; Figures 2 and 4). The result in this study is consistent with that of the previous reports [6] and found that forest land cover was significantly diminished particularly in the northern part of the study region. The seven land cover classes identified in the study area were cultivated land, forest land, grassland, water body, wetland, bare land, and urban land (Figures 2 and 4; Table 3). The number of classified pixels increased for cultivated land (Cl), grassland (Gl), and wetland (We) but decreased for of forest land (Fl) and water body (Wl) (Figure 2). During the 13-year period, significant changes in the study area occurred particularly in forest land and water bodies, respectively, and the former decreased by 3429.62 km2 (1.72%) while the latter decreased by 81.45 km2 (0.04%), respectively. On the contrary, cultivated land, grassland, wetland, bare land, and urban land were increased by 535.34 km2 (0.27%), 2779.33 km2 (1.39%), 152.66 km2 (0.08%), 43.08 km2 (0.02%), and 0.65 km2 (0.0003%), respectively (Table 3 and Figure 4). Cultivated land, grassland, wetland, bare land, and urban covers were slightly increased in area at the end of the study period compared to that of at the beginning of the study period. However, there were both increments and reductions in these land classes between the different observation points (Figure 4) and SAT.
Table 3: Changing present of land covers in 2001 and 2013.
	

	No.	Land cover types	Initial area 2001	Final area 2013	Changing status
	km2	%	km2	%	km2	%
	

	1	Bare land	12.28	0.01	55.36	0.03	43.08	0.02
	2	Cultivated land	58249.08	29.18	58784.42	29.45	535.34	0.27
	3	Forest land	6460.33	3.24	3030.72	1.52	(−3429.62)	−1.72
	4	Grass land	131551.69	65.91	134331.01	67.30	2779.33	1.39
	5	Urban	89.45	0.04	90.10	0.05	0.65	0.0003
	6	Water	3141.27	1.57	3059.82	1.53	(−81.45)	−0.04
	7	Wetland	88.08	0.04	240.74	0.12	152.66	0.08
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(b)
Figure 4: Classification of the changing land cover map of Abbay River Basin (2001 and 2013) Derived from Landsat TM/ETM+ images: (a) description of land cover in 2001 and (b) description of land cover and change in 2013.


Human activities associated with economic factors are commonly cited as a major stimulus for land cover change [24]. The increasing trend of land cover change observed in this study is associated mainly with economic forces. It was observed in the study that forest covers were mostly surrounded by farmlands, particularly in the catchment area and the increase in population density in the area clear forest lands to provide farmlands for food production [6].
Total forest cover in the study area reduced by half between 1957 and 2000 [6, 8]. In general, the result reported in this study is similar in accuracy of change of the listed previous studies (Figure 2).
As reported in the previous studies [23, 24, 26], the accuracy of individual classifications is very important to generate useful data for the land cover change study. There are various ways of conducting change detection analysis. In this study, a land cover classification for the year 2001 and 2013 was produced, and the accuracy assessments were checked using 0.89 Kappa coefficient of the transformation matrix (Table 4). The statistical Kappa coefficient classification accuracy recommended value ranges from 0.18 to 0.99. Thus, the result in this study is considered almost in perfect agreement based on the Kappa Statistics. This implies that the change detection results could be used for further analysis as land cover transformation matrix and ArcGIS 10.4 were employed to analyze a comprehensive land use dynamics degree [40].
Table 4: Comparison of the process change of land covers in 2001 and 2013.
	

	 	Land cover types (2001)
	Types	Bl	Cl	Fl	Gl	Ur	Wa	Wl	Total
	

	Land cover types (2013)	Bl	7.61	3.69	2.67	18.09	0.00	21.30	2.00	55.36
	Cl	0.00	55179.84	555.01	3041.43	4.37	0.07	3.72	58784.42
	Fl	0.00	74.02	2893.03	36.67	0.00	11.75	15.25	3030.72
	Gl	1.00	2953.95	2965.44	128386.35	2.08	5.05	17.15	134331.01
	Ur	0.00	3.68	0.03	4.38	82.00	0.00	0.00	90.10
	Wa	1.03	2.68	1.33	0.92	0.00	3052.68	1.18	3059.82
	Wl	2.64	31.22	42.83	63.84	1.00	50.43	48.78	240.74
	Total	12.28	58249.08	6460.33	131551.69	89.45	3141.27	88.08	 
	



Following anthropogenic effects, climate change is the most important driving force that impacts land cover change and water resources. This study revealed the dynamic of changes in land cover particularly forest land and indirectly the impacts on the water resources system of the basin. As reported in [41], the catchment in the study area was converted to farmlands and human settlements from other land use (e.g., forest land) in various years. The land cover map of 2001–2013 in Table 4 shows that forest land cover of about 555.01 km2 was converted into cultivated land, 2965.44 km2 into grassland, 42.83 km2 into the wetland, and 2.67 km2 into bare land. Of the coverage of water resources, 50.43 km2 was changed into wetland, 21.30 km2 converted to bare land, 11.75 km2 into forest land, and 5.05 km2 converted to grassland. In general, during the 13-year period (2001–2013), cultivated land had increased by 535.34 km2, the increase of grassland (2779.33 km2), wetland (+152.66 km2), bare land (+43.08 km2), and urban (+0.65 km2). However, forest land and water bodies were decreased by 3429.62 km2 (1.72%) and 81.45 km2 (0.04%), respectively. The individual class areas and change statistics for the two periods are summarized in Tables 3 and 4. The change indicates that there is a driving force that impacted a visible land cover change. Several researchers had warned the serious impacts of climate change and human activities on water resources and the ecosystem of the basin [14, 41, 42], and the results of this study are consistent with the findings of these studies.
3.2. Measuring Vegetation (NDVI and EVI)
Common values of the pixel varied between −1 and 1. The highest values of NDVI were >0.3, indicating rich or healthy vegetation. In this study, conversation of forest and grasslands into agricultural land was found to be the main cause of land cover change. The change had affected the hydro-ecological system of the region particularly due to the high requirement of irrigation water to support crop production. The maximum value of NDVI ranges from 0.99 to −0.19 in 2001, and the minimum value ranges from 0.99 to −0.20 in 2013. Significant land cover change occurs in the southern part of the studied area, while on the other sides, insignificant vegetation cover change was observed Figure 5. A vegetation cover is an important factor that could change the ecosystem and the hydrology pattern in the basin, thereby causing climate variability. Vegetation dynamics could change the global carbon and hydrology cycle as well as climate change [40]. The overlaps of the NDVI, EVI maps of 2001 and 2013, and climatic variations of the current weather show a high degree of climate change occurring across the basin.
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(d)
Figure 5: NDVI and EVA of Abbay River Basin in 2001 and 2013: (a) description of NDVI in 2001 and (b) description of NDVI in 2013; (c) description of EVI in 2001; and (d) description of EVI in 2013.


3.3. Climate Trends in the Basin
In recent years, attention had been given to look the potential effects of climate change on the basin. In fact, some studies had shown that the water resources are critically sensitive to climate change [2, 3]. In a 36-year period (1980–2016), the temperature in the basin was increased by 0.5°C or 0.14°C per year. The minimum and the maximum recorded temperatures were 19.25°C and 17.00°C per year, respectively. In the study region, the observed temperature was increased from 1980 to 2016 (y = 0.0039x + 19.349) (Figure 6).
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(f)
Figure 6: Description of the climate variability in Abbay River Basin. The temperature and precipitation trend for the period 1980–2016. The vertical column is temperature and horizontal column is precipitation change, and fluctuations line indicates annual values and breakdown lines indicate period running averages. (a) Asossa station. (b) Bahir Dar station. (c) Gondar station. (d) Nedjo station. (e) Motta station. (f) Average condition.


The global mean temperature had risen by about 0.85 from 1880 to 2012 and is expected to grow steadily. Global warming can change the region hydrology and inflows river ecosystem quickly. The temperature inland water bodies around the world had been rapidly warming since 1985 with an average rate between 0.045 ± 0.011°C and year-over-year with a maximum ret of 0.10 ± 0.01°C. In the current study, the temperature had raised by 0.5°C in 36 years, which fits well with the global rate of temperature change. There were differences in temperature changes among stations in the study area during the 36-years period 1980–2016.
The overall trends in average precipitation in the study area were increasing. Though the change was insignificant for this period, there was a change in precipitation for the last decade of this period that may affect the water supply system in the basin. Changes in average temperature and precipitation in the study area were observed during the 36-year (1980 to 2016) period, but the rates of change were different among stations in the study basin. It was observed that the mean annual average temperature increased while precipitation decreased in the whole basin during this period and climate change was found to have serious impacts in the study area (Figure 6). The result strongly supports our speculation climate change is one of the major driving forces that affects land cover change in the Abbay River Basin.
3.3.1. Analysis of Temperature
The ITA test shows an increasing trend in average condition. The trends of the average temperature for five stations are shown in Figure 7. The increasing trends of temperature were detected in Gondar station while decreasing trend was detected in Assosa station (Table 4).
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(f)
Figure 7: Results of ITA for annual temperature during 1986–2016. (a) Assosa station. (b) Bahir Dar station. (c) Gondar station. (d) Nedjo station. (e) Motta station. (f) Average condition.


The ITA results show that statistics are negative and positive values, most of them are significant. The ITA annual temperature shows an increasing trend in Assosa station ( = 2.63), a statistically sharp decreasing trend in Bahir Dar station ( = −3.86), a decreasing trend in Nedjo station ( = −1.78), an increasing trend in Gondar station ( = 0.40), in Motta station a statistically increasing trend was observed with ( = 0.30), and finally a statistically significant increasing trend was observed in average condition (five stations) ( = 0.12) (Table 5).
Table 5: Trend test results of the annual average air temperature in the subbasins based on ITAM (), MK (Z), and Sen’s slope estimator test (β) analyses.
	

	S/No.	Name of stations	Z (MK)		β
	

	1	Assosa	−2.61	2.63	−0.03
	2	Bahir Dar	−2.63	−3.86	−0.02
	3	Nedjo	−3.53	−1.78	−0.03
	4	Gondar	6.96	0.40	0.04
	5	Motta	4.58	0.30	0.03
	6	Average	0.75	0.12	0.00
	


Trends at 0.1 significance level; trends at 0.05 significance level; trends at 0.01 significance level.


The MK trend annual temperature shows a decreasing trend in Assosa station (Z = −2.61), a statistically decreasing trend in Bahir Dar station (Z = −2.63), a statistically significant decreasing trend in Nedjo station (Z = −3.53), a significant increasing trend in Gondar station (Z = 6.96), a statistically significant increasing trend was observed in Motta station with (Z = 4.58), and, in general, a statistically significant increasing trend was observed in average condition (five stations) (Z = 0.75).
Annual temperature in the results of Sen’s slope estimator test shows a sharply increasing trend observed in average condition (Z = 0.75). The ITA results (Figure 6) show that most points increase above the 1 : 1 line, an overall upward trend. However, the features of trends in annual mean temperature are quite distinct at each station. Figure 6 shows that the annual temperature significantly increased at the Gondar (Figure 7(c)) and Motta (Figure 7(e)), while at the Assosa (Figure 7(a)), Bahir Dar (Figure 7(b)), and Nedjo (Figure 7(c)) stations, some points fall below the 1 : 1 line, some upward trend. But the trend of average annual temperature is increasing during 1978–2016 with respect to the 10% relative band.
3.3.2. Analysis of Precipitation
The trends of annual precipitation for five stations and average condition detected by the ITAM, MK, and Sen’s slope estimator test are summarized in Table 6.
Table 6: Trend test results of the mean precipitation in the subbasins based on ITAM (), MK (Z), and Sen’s slope estimator test (β) analysis.
	

	S/No.	Name of stations	Z (MK)		β
	

	1	Assosa	1.20	5.87	0.38
	2	Bahir Dar	6.92	28.91	5.71
	3	Nedjo	−1.07	0.02	−0.46
	4	Gondar	1.95	1.88	0.44
	5	Motta	7.05	14.82	0.35
	6	Average	3.88	3.04	0.84
	



The ITA results showed that statistics are dominated by positive values, but most of them are insignificant. Five stations in average conditions were significant ( = 3.04) A significant increasing trend was observed in Bahir Dar station ( = 28.91) while the most decreasing trend was in the Nedjo station ( = 0.02).
The MK results in annual precipitation showed a significant increasing trend in Motta station (Z = 7.05) while a significantly decreasing trend was observed in Nedjo station (Z = −1.07). A significant increasing trend was observed in average condition (Z = 3.88).
Sen’s slope estimator test results of annual precipitation showed a significant increasing trend only in Bahir Dar station (β = 5.71) though other stations also showed positive values, with the exception of Nedjo station (β = −0.46) with a significant decreasing trend in Nedjo station (β = −0.46), and a significant increasing trend was observed in average condition (β = 0.84). The ITA results (Figure 8 and Table 6) show that the annual precipitation points fall between +10% to −10% lines, implying an overall downward trend at Nedjo station (Figure 8(d)), while it significantly increased at the Assosa (Figure 8(a)), Bahir Dar (Figure 8(b)), Gondar (Figure 8(c)), and Motta stations during 1986 to 2016 with respect to the 10% relative band (Figure 8).
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(f)
Figure 8: Results of ITA for annual precipitation during 1980–2016. (a) Assosa station. (b) Bahir Dar station. (c) Gondar station. (d) Nedjo station. (e) Motta station. (f) Average condition.


3.4. Implication of Climate Change for Land Covers
As indicated in the previous sections of the paper, the temperature has increased by about 0.5°C during the period from 1980 to 2016 in the river basin. The biggest land cover change in the study area that has occurred is forest land cover, which had decreased pattern by 3429.62 km2, and the water bodies were also decreased by 81.45 km2. The changes were caused by climate variability, particularly increase in temperature as well as human activities in the region. Covers of cultivated land, grassland, bare land, wetland, and urban land in the study basin were increased from 2001 to 2013 as described above (Table 4). Water bodies were converted into wetland, forest land, and bare land by the area of 50.43 km2, 11.75 km2, and 21.30 km2, respectively (Figure 4). The result of the study had indicated that land cover change is directly impacted by human activity. The vegetation covers in the river basin changed significantly in areas of intense human activities [43]. In the study area, deforestation had been taking place to some extent during the past decades, which was a major driving force for vegetation degradation. This consequently affects the climatic conditions of the study area. The effects of natural and human factors that affect land cover changes of the study area from 2001–2013 is described using a diagram shown in Figure 9.


	
	
	
	
		
	
		
	
	
		
	
		
	
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
			
				
			
				
			
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	



Figure 9: Diagram of natural, human, and climate impacts of land cover change of Abbey river basin in 2001–2013. Note: the arrows indicate a direction of gains and losses. The purple arrow indicates the impact of human activity which leads to the intensification of cultivation land and urbanization, the red arrow indicates the impact of the rise of temperature on the forest and water ecosystem, the yellow arrow indicates the impact of human and natural factor that has an influence on the natural ecosystem, and blue arrow indicates natural and other factors that have an impact on the ecosystem (Table 4).


4. Conclusions
In the study, the spatial and temporal land cover changes and vegetation evolution of the basin have been analyzed for the 13-years period (2001 to 2013). The land cover changes that occurred in the study basin during the study period was deciphered using remote sensing, NDVI, EVI, and land classification methods and vegetation detection methods were employed to assess the change that comes in the study a period of 36 years (2001 to 2013). In the meantime, Mann–Kendall trend test, ITAM, and Sen’s slope estimator test methods were used to analyze the variability of precipitation and temperature on annual basis in the study basin.
The result demonstrates that temperature has increased by 0.5°C while precipitation slightly changes in the river basin in a period spanning 1980 to 2016. The changes in climate change and particularly increment in air temperature was found as one of the driving forces for land cover change in the study area during this period. Analyses of the 13-years period (2001–2013) showed significant land cover changes in the study area. Land coverage of grassland, cultivated land, wetland, and urban and bare land showed a significant increase, whereas forest cover and water bodies decrease in the area. The changes in land cover were mainly caused by climate change and intense human socioeconomic activities in the region.
In the final analysis, land cover changes occurred in the Abbay River Basin during this time was statistically significant, and anthropogenic effects (human activity) and global and local climate were the major factors affecting, causing the shifts in land coverage profile. Thus, further research is warranted to study the potential influences of the land cover changes on hydro-ecological processes in the river basin that will have important implications to design sustainable development policies in the river basin.
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