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Abstract 

Analysis of historical and future land use/land cover (LULC) dynamics using spatiotemporal data is 

crucial for better management of natural resources and environmental monitoring. This study 

investigated LULC transformations for the period of 60 years (1984-2044) in the Giba basin, northern 

Ethiopia. An ArcGIS and the Cellular Automata and Artificial Neural Network (CA-ANN) model 

were used to develop the past (1984, 2004, 2014, and 2024) and future (2034 and 2044) LULC maps of 

the basin, respectively. The results show that LULC categories experienced shifts from one class to 

other classes by 35%, 33%, and 40%, in 2004-2014, 2014-2024, and 2004-2024, respectively. During the 

1984-2024 period, the smallest and largest percentage of positive changes were observed in settlement 

(7700%) and shrubs and bushes (25%), which increased from negligible to 78 km2 and from 1668 km2 

to 2082 km2, respectively. Whereas, barren land and forestland showed the largest (-80%) and 

smallest (-37%) decreasing rate during the same period. Results of the CA-ANN model showed that 

majority of the LULC categories (including water body, forest, bushes and shrubs, grassland, and 

barren land) will decrease except a slight increase of cropland (+6%) and settlements (+16%) in the 

future two decades during 2024-2044. In general, the Giba basin has undergone significant changes 

during the study period. High population increase, changes in government policies, and armed 

conflicts were found to be the most influential driving factors of changes in the basin. 

Keywords: LULC; change; increasing; decreasing; Giba basin 

 

1. Introduction 

Land use land cover (LULC) change is one of the major global environmental problems that alter 

the earth’s terrestrial surface [1,2]. The main factors for LULC change include rapid population 

growth, policy and institutional factors, and varying economic conditions [1]. Similarly, recurrent 

drought occurrences [3], agricultural land expansion and wood extraction for charcoal production 

[4], low-income and the agriculture-based economy [5] are the main drivers of LULC change in 

northern Ethiopia. 

The Giba basin in northern Ethiopia is one of the most water-stressed and unsustainable 

ecosystems as land and water resources are excessively utilized to support millions of populations 

through rain fed and irrigated agriculture [6]. Climate change and environmental and socioeconomic 

challenges continue to threaten the sustainability of ecosystem services in the basin [7,8]. Very few 

previous studies in the basin have reported inconsistent results about the historical LULC dynamics 

before 2014. For instance, Gebremicael et al. (2017) [4] reported that agricultural land has increased 

by nearly 40% in 2014 compared to the 1970s, and shrubs covered 27% of the study area in 2014. 

However, a similar study by Guyassa et al. (2018) [9] reported 37% of shrubs coverage in 2014 and 
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nearly the same fraction of agricultural land (42%) in 2014 compared to the 1930s. These disparities 

may indicate the need for additional studies that emphasize the recent developments in the basin and 

future projections attributed to various socioeconomic processes [8]. 

Detailed information on LULC dynamics is crucial to understand land and water management 

practices [10] by identifying the driving factors at a local level [11]. This can be easily accomplished 

by using remote sensing techniques, which have provided the opportunity to investigate long-term 

LULC dynamics [12,13] that ultimately help to evaluate land use policy and decision-making 

processes [14]. 

LULC change models consider a number of change drivers, among others, e.g., historical LULC 

change trends, elevation, slope, population density, and distance to rivers and roads, to detect change 

based on a probabilistic prediction. These models have many applications that are helpful in 

identifying LULC change in different dimensions [15]. The Markov chain model is one of the most 

commonly used techniques for the future prediction of LULC change [16]. It operates stochastically 

and considers the basis of a state at a previous time to predict a certain state of the system for the 

future. The model is suitable for short-term LULC prediction [17]. The Markovian approach is useful 

to prepare a transition probability matrix for the projection of future LULC changes by using Modules 

of Land Use Change Evaluation (MOLUSCE). The MOLUSCE is a plugin of QGIS, which was recently 

introduced for LULC change projection [18]. The module consists of four different models, namely, 

artificial neural networks (ANN), weights of evidence (WoE), multi-criteria evaluation (MCE), and 

logistic regression (LR) to establish transition potential and train a simulation model. Then, the LULC 

map is generated based on the Monte Carlo cellular automata (CA) model approach [19]. The CA is 

crucial for predicting the spatiotemporal dynamics of LULC change as it considers the spatial nature 

and the direction of the data [20], and the state of changes of the neighboring cells in addition to the 

state of the cell in question [21]. 

Several studies have employed the coupled CA-ANN Model and Markov-CA models for LULC 

change projection in various catchments in Ethiopia and reported the applicability of the methods for 

environmental change, land and water resources management studies, and land use planning [22–

26]. However, the literature shows that no research has been conducted to forecast future LULC 

change of the whole Giba basin, and very little is known about the alterations of LULC since 2014 

and also after the devastating war (2020-2022) in the region. Hence, the present study attempts to fill 

the knowledge gap about the LULC dynamics in the Giba basin over the course of 60 years. The 

specific objectives of this study are to (1) investigate the historical (1984-2024) LULC change, and (2) 

to project the future (2024-2044) LULC dynamics in the basin. 

2. Materials and Methods 

2.1. Study Area Description 

The Giba basin (5135 km2 area) is geographically located between longitudes of 38◦40′ and 39◦50′ 

east and latitudes of 13◦20′ and 14◦20′ north in Tigray region, northern Ethiopia (Figure 1). 

The basin drains the headwaters of the Tekeze-Atbara basin, which joins the Blue Nile River in 

Sudan. It is characterized by undulating topography with distinct elevation ranges (929 -3300 m), 

steep volcanic mountains, undulating metamorphic terrain, and deep gorges Mesozoic sedimentary 

terrain dominates in the northern and southwest of the central parts, southwestern and northeastern, 

and central parts of the basin, respectively [27]. 

The climate of the basin is semi-arid, with spatiotemporally varied rainfall and temperature 

records. Mean annual rainfall ranges from 550 mm in the northern and eastern parts, to 600 mm in 

the middle part, and 1050 mm in the western parts. The area gets 69-85% and 11-25% of the mean 

annual rainfall in the rainy (mid-June till mid-September) and the spring (mid-march till mid-June) 

seasons, respectively. Long-term average maximum temperature ranges from 27.4 to 29.8 oC in the 

lowlands and 22.3 to 24.1 oC in the highland areas. Similarly, the long-term average minimum 
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temperature varies from 11.3 to 13.7 oC and 10.3 to 11.1 oC in the lowland and highland areas, 

respectively [7]. 

 

Figure 1. Geographical location of the study area. 

Rainfed agriculture is the main source of economy in the region, for which the main challenges 

are inadequate soil moisture and soil erosion [28] and land degradation due to successive droughts 

and armed conflicts [29–31]. 

2.2. Data and Methods 

2.2.1. Historical LULC Classification 

For the historical LULC analysis, Landsat satellite images for the years 1984, 2004, 2014, and 2024 

were acquired from the US Geological Survey (USGS) Centre for Earth Resources Observation and 

Science (EROS) found at https://earthexplorer.usgs.gov. Description of the collected Landsat images 

including satellite, sensors, path/row, resolution, and acquisition date of each image is summarized 

in Table 1. The availability of satellite images, government policy changes, and the prevalence of 

armed conflicts were the basis for the selection of the years for analysis. 

All images were selected from September (i.e., instantly after the rainy season) to December in 

all years in order to obtain image data with the lowest cloud cover and to minimize the effect of the 

seasonal variabilities on the LULC classification results [32]. Reference data, mainly on the LULC 

types and topographic variables was collected from the literature, aerial photographs, and field data 

including interviews, observations, and ground truth points (GTPs). The GTPs that are used for the 

LULC classification and accuracy assessment for the 2024 image were mainly collected from Google 

Earth Pro, and during a field survey from 12 September 2024 to 10 December 2024 by using a hand-

held Geographical Positioning System (GPS). In addition, existing LULC maps for the 1984 [33] and 

2014 [4], and available aerial photographs (1986) were used to derive the GTPs. Additional 
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information on the historical images was also collected by interviewing 40 local elderly persons in 

the study area. 

Image pre-processing for all the acquired Landsat images including, atmospheric and geometric 

corrections was done by using the Environment for Visualizing Images (ENVI) software and the 

coordinate system named WGS_1984_UTM_Zone_37N (in ArcGIS 10.6), respectively. 

Table 1. Specifications of Landsat images used for this study. 

Satellite  Sensor  Path/row Resolution (m) Acquisition date  

Landsat 4-5 TM Multispectral  

168/50 

168/51 

169/50 

169/51 

30 
03/09/1984 

30/10/1984 

Landsat 7 ETM+ Multispectral 30 
05/11/2004 

14/11/2004 

Landsat 8 OLI-TIRS 30 
17/10/2014 

24/10/2014 

Landsat 9 OLI-TIRS 30 
18/09/2024 

25/09/2024 

The maximum likelihood classification algorithm of supervised classification was carried out (in 

ArcGIS) by using 2124 GTPs, of which 1284 points were used for the classification, and the remaining 

840 points were used for the accuracy assessment of each image. A stratified random sampling 

approach, which is the most commonly used method to improve accuracy of the classification [34] 

was used to sample the GTPs. The prior knowledge of the researchers about the LULC of the study 

area and literature have been pivotal for the classification process. Accordingly, seven LULC types, 

namely, water body, forest area, settlements, grassland, barren land, cropland, and shrubs and 

bushes have been classified for the 2004, 2014, and 2024 images. However, only five classes (i.e., 

excluding water body and settlements) were identified for the 1984 image. It was difficult to 

accurately identify the reflectance signature of settlements in the 1984 Landsat image attributed to 

the insignificant expansion of urbanization in that period. Similarly, as the development of surface 

water reservoirs is a recent practice in the Tigray region [35] and the region was affected by successive 

drought events during the 1980s [30], water bodies are hardly available in the 1984 image. In 

alignment to this, Gebremicael et al. (2017) [4] reported that the spatial coverage of water body in the 

Giba basin during 1989 was 0.25 km2 only. Table 2 describes the details of the LULC classes in the 

study area. 

Different accuracy assessment methods including available local LULC datasets, GTPs, and 

expertise observation, were carried out to check the accuracy of the classified images for all years. 

Given the self-acquaintance of all the authors to the study area, expertise observation was helpful to 

improve the accuracy of classification. 

Table 2. Description of LULC types in the Giba basin. 

LULC class  Code  Description  

Water body (WB) 0 
All types of surface water, mainly small man-made 

lakes 

Forestland (FL) 1 
Forests that are tall and dense, and mainly located in 

churches and closed areas 

Settlements (Se) 2 
Bult up areas including villages, towns, and cities 

 

Grassland (GrL) 3 Areas covered with grasses, e.g., grazing lands 

Barren land (BL) 4 
Open spaces with no vegetation, e.g., degraded lands 

and rock outcrops 

Cropland (CrL) 5 Areas covered with all types of crops in the whole year 

Shrubs and bushes (ShBu) 6 Areas covered by low-woody and less-dense vegetation 
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An error matrix, which compares the classified images with the GTPs, was computed for 

evaluating the accuracy of classification. The error matrix includes well-known accuracy assessment 

coefficients, namely, user accuracy, producer accuracy, overall accuracy, and the Kappa coefficient. 

2.2.2. Future LULC Prediction 

The classified LULC maps for the years 2004, 2014, and 2024, physical and socio-economic 

factors including elevation, slope, population density, distance to roads, and distance to rivers were 

used as an input variable for the future LULC perdition of the Giba basin until 2044. All these maps 

were prepared by using the ArcGIS (10.6.1) software. 

The MOLUSCE module of QGIS 3.42.1 was used for the simulation of the LULC change for 2034 

and 2044. The 2004 and 2014 LULC classified maps were used to generate area change and transition 

probability matrixes within 10 years interval. The MOLUSCE has a validation plugin that helps to 

assess the model’s accuracy for future LULC projection. Accordingly, the 2024 LULC was simulated 

by using 2004 and 2014 as baseline data, then compared with the classified 2024 map. Quality of the 

projection was evaluated by using accuracy indicators, such as percent of correctness, kappa (overall), 

kappa (histogram) and kappa (location). The overall methodology followed in this study is presented 

in Figure 2. 
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Figure 2. Methodological flowchart showing historical LULC classification and future prediction, adopted from 

Lukas et al. (2023) [26]. 

3. Results and Discussion 

3.1. LULC Classification and Change Detection 

The LULC change analysis results demonstrate the historical LULC changes and dynamics of 

the change in all land cover classes. The LULC classification results for the years 1984, 2004, 2014, and 

2024 are shown in Figure 3. The overall accuracy and Kappa coefficient of the 2024 LULC map were 

85.3% and 82%, respectively. Similarly, an overall accuracy (and Kappa coefficient) of 84.7% (81.3%), 

87% (83.9%), and 83.3% (78.4%) were obtained for the LULC maps of 2014, 2004, and 1984, 

respectively. 

  

 
 

Figure 3. LULC maps of the Giba basin in 1984, 2004, 2014, and 2024. 

Confusion matrices for all the classified maps are presented as annexes (Table S1). Accuracy 

assessment of all maps showed relatively good (User and Producer) accuracies of more than 80% for 

the majority of LULC classes. However, lower individual (Producer) accuracy was obtained for the 

barren land class (~65%) for the 2004, 2014, and 2024 years. This may be associated with the similarity 

of reflectance with cropland and settlement classes. The authors observed some similarities between 

the reflectance of barren lands and croplands, which are unseeded during the crop-growing season. 

In general, the obtained accuracy indicators showed that the classified LULC maps are adequately 

accurate [10] and suitable for further LULC dynamics analysis. 

Figure 3 and Figure 4a present the classified LULC maps and the estimated area of each LULC 

class, respectively. 
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(a) 

 
(b) 

Figure 4. Absolute area of each LULC type for the four periods (a) and change in areas between each time periods 

(b) in the Giba basin. 

The results showed that cropland, shrubs and bushes, and barren land were the dominant LULC 

classes at the beginning of the study period, which constitute a decreasing order of 36%, 32%, and 

19%, respectively. During 1984-2004, cropland and shrubs and bushes showed a significant increase 

by 24% and 17%, respectively. However, a significant decline in barren land (-48%) and grassland (-

46%) was observed during the same period. The increasing rate in shrub and bush cover is associated 

with the efforts of the regional government to rehabilitate degrading lands through the 

implementation of soil and water conservation activities, which started in the 1990s [4]. This is 

directly related to the largest decreasing rate in barren land, which reduced from 956 km2 in 1984 to 

497 km2 in 2004. Albeit the government’s efforts in the restoration activities, forest cover showed a 

dwindling trend from its already low coverage of 164 km2 (3%) in 1984 to 117 km2 (2%) in 2004 (Figure 

4a). These results are aligned with other studies in the region, e.g., Munro et al. (2008) [36] reported 

continued deforestation of remnant natural forest in northern Ethiopia. The significant decline of 

grassland in the same period is likely associated with the expansion of agriculture, i.e., in search of 

fertile soils for crop development [9]. Settlement and water body classes started to emerge in the 

1990s, which increased from insignificant coverage in 1984 to 35 km2 and 1.4 km2 in 2004, respectively. 

The relatively low increase in water body during 2004 is associated with the government’s 
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intervention towards ensuring food security through the construction of small and medium surface 

water reservoirs after the drought and famine of 1984-85 [35]. 

During the 2004-2014 period, dominant categories of shrubs and bushes and cropland continue 

to increase from 38-42% and 44-48%, respectively. During this period, LULC classes of water body, 

settlement, shrubs and bushes, and cropland showed a relatively low rate of increase ranging from 

7% to 11% (Figure 4b). The relative increment of shrubs and bushes (+11%) and croplands (+9%) in 

2004-2014 is likely associated with large decline of barren land (-48%) and grassland (-46%) in the 

same period. This shift is most likely because of the increased efforts of the government in the 

restoration of the degraded catchments in the basin [37]. In line to this, previous studies noted the 

unavailability of suitable lands for agriculture has resulted in the continued conversion of barren 

land to croplands in the highland areas of northern Ethiopia [9]. 

During the 2014-2024 period, cropland continued to slightly increase (+4%) albeit at the lowest 

rate compared to the previous two periods. Similarly, the continuously declining trend of barren land 

in the preceding two periods showed an inverse direction (+18% increment) during 2014-2024. 

Similarly, the settlement class increased at a significant rate (+105%) from 38 km2 in 2014 to 78 km2 in 

2024. This difference comes from the massive housing development programs that have been 

implemented since 2017 in all cities and towns in the Tigray region. It is also associated with 

industrial development and high population growth around urban areas [4]. Contrary to this, 

grassland showed a high decline (-47%) compared to the 2004-2014 period, which was -24%. Shrubs 

and bushes slightly declined (-3%) in this period, which is in a reverse direction compared to the 

previous time periods. Similarly, a slight decrease (-7%) in forest was also noticed at the end of the 

study period. 

The slight decline of forest, shrubs and bushes, associated with the increase in barren land 

during the end of the study period is likely related to the impact of the devastating armed conflict 

(2020-2022) in the region. Regarding to this, Hishe et al. (2024) [38] assessed spatiotemporal changes 

in vegetation cover in a 50 km radius zone centered on Mekelle City, which covered the majority 

areas of our study area excluding the northern and western parts. The study reported a decrease in 

vegetation cover by 405 km2 during the war period (2020-2022) compared to before 2020. Similarly, 

Meaza et al. (2024) [31] assessed the impact of the war on natural resource degradation and 

conservation measures in the same area, which only excluded the northeastern and eastern parts of 

our study area. Accordingly, they reported the degradation of forest areas in the region as farmers 

were forced to cut trees to generate basic income for their survival during the war and siege periods. 

Hence, the postwar LULC change analysis results suggest that armed conflicts in northern Ethiopia 

have impacted the LULC dynamics of the region. 

Overall, the last 40 years witnessed considerable LULC dynamics in the Giba basin. Cropland, 

water body, and settlement showed a continuously increasing trend throughout the study period, 

but grassland exhibited a continuous decreasing trend. Other LULC classes showed different patterns 

of change in the different periods (Figure 4a). The smallest and largest percentage of positive changes 

were observed in settlement (7700%) and shrubs and bushes (25%), which increased from negligible 

to 78 km2 and from 1668 km2 to 2082 km2, respectively. Whereas, barren land and forest showed the 

largest (-80%) and smallest (-37%) decreasing percentage for the whole study period. 

The LULC change transition matrix, which shows the sources and direction of change (Table S4–

S6), indicates that the Giba basin experienced shifts from one LULC class to other classes by 35%, 

33%, and 40%, in 2004-2014, 2014-2024, and 2004-2024, respectively. The transition matrix is very 

useful in identifying the swap changes, that show simultaneous loss and gain of a given LULC class 

during a certain period. For instance, compared to the 2004 period, only 22% of the barren land class 

remained unchanged in 2024 whilst 51% and 17% of it was changed into agriculture and bushland 

classes, respectively (Table S4). The remaining 10% was transformed in to settlement and grassland 

categories. Similarly, nearly 62% of the shrubs and bushes category remained unchanged in the same 

period. However, it lost to cropland (32%) and forest (3%), and gained from grassland (43%), barren 

land (17%) and cropland (26%), among others. In general, higher swap changes were observed in 
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cropland, shrubs and bushes, and barren land during the entire study period which indicates these 

LULC categories were the most dynamic classes that have exchanged among each other. 

Field observation that was carried out during the study period showed validation of the 

classified LULC maps. Elderly people and inhabitants in different villages, e.g., Agoro, Korir, Agbe, 

Guya, Abrha Atsbha, Negash, Abyi Adi, Hagereselam, and Togoga were asked for their opinions on 

the trends of historical LULC change and the impact of the 2020–2022-armed conflict on vegetation 

cover in their respective neighborhoods. Accordingly, they noticed historical barren land-vegetation, 

vegetation-cropland, barren land-cropland, grassland-cropland, and vegetation-barren land shifts 

during the last four decades. For instance, the hillslopes which were sparsely vegetated during 2004-

2014 were transformed into croplands (Figure 5) and other categories (Figures S2–S5) in the 2020’s. 

  

Figure 5. LULC change from sparsely vegetated classes in 2014 (left) to croplands in 2024 (right) in the hillslopes 

of northeastern of Giba basin (UTM: 572537 m E and 1556606 m N), (Source: Google Earth). 

The main deriving factors were the increase of population particularly the demand of the youth 

for agricultural land, urbanization, and the recent armed conflict in the region. In line to this, 

Gebremicael et al. (2017) [4] reported a positive correlation (r = 0.76) of population and cropland 

expansion, and a negative correlation (r = -0.63) with forest coverage during 1972-2014 in the same 

region. 

According to the people who were interviewed during the field visit, the armed conflict in the 

region has resulted breaching of community bylaws on the protection of forests and area closures. 

Consequently, massive deforestation was observed in the remote areas of the study area, in which 

farmers cut trees to feed their cattle during the dry season (Figure 7). Similarly, indiscriminate cutting 

of trees for firewood and charcoal fuel purposes was observed in communal lands near to the Guya 

town (Figure 6). 
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Figure 6. Comparison of abundant tress around the bottom of the mountain in 2019 (left) and after deforestation 

during the 2020–2022-armed conflict (right) near the outlet of the Giba basin (UTM: 481063 m E and 1505009 m 

N), (Source: Google Earth). 

 

Figure 7. Indiscriminate cutting of trees for animal fodder during the dry period near the outlet of the Giba basin 

(Photo was taken on May 30, 2025). 

Previous studies in and around our study area have documented slightly different results about 

the dominant LULC classes in the basin, mainly the cropland category. For instance, Guyassa et al. 

(2018) reported that the fraction of cropland area in the Giba basin slightly increased from 39% in the 

1930s to 42% in 2014. In the same study area, Gebremicael et al. (2017) [4] reported a significant 

increase in the class from nearly 29% in 1972 to 40% in 2014. In addition, the study by Abraha (2009) 

[39] in the same area reported 46.4% of cropland coverage in 2000, which is slightly higher compared 

to 42% in 2001 [4]. These differences are even wider in other studies that covered some parts of our 

study area. In this regard, a study by Ashenafi (2014) [40] that included 46% of our study area 
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excluding the western part, reported a high increase in cropland ranging from 14% in 1972 to 60% in 

2003. Another study in the Suluh catchment (967 km2) that covers about 18% of our study area, 

reported 51.2% of the cropland category [41]. The differences in image classification results are often 

attributed to the lower classification accuracy, variations in defining the number of classes, and 

similarities in the reflectance signature of various classes, among others. In this regard, the similarity 

of the reflectance signature of barren land and cropland for images captured during the dry season 

was identified as a challenging task during the image classification. This confusion often leads to the 

underestimation of croplands and overestimation of barren lands as reported by Gebremicael et al. 

(2017) [42] and Guyassa et al. (2018) [9]. In general, it can be arguably noted that our results on the 

classification of LULC categories for the historical images (i.e., before 2014) look slightly different 

compared to the results of the previous studies. The differences are manifested in either a slight 

underestimation of barren land or an overestimation of cropland compared to the other studies. But 

on average, our results are in line with the previous studies. 

3.2. Future LULC Projection 

Future LULC changes until 2044 were predicted by using the CA-ANN model (Figure 8). The 

modeling approach is based on the transition potential modeling of 2004-2014 LULC change data 

(Figure S1) and resulted in a validation kappa value of 0.95. An overall accuracy of 89% and kappa 

(overall) of 0.81 were obtained by comparing the actual (classified) and simulated LULC maps for 

2024. 

(a) (b) 

  

Figure 8. Future LULC projection of the Giba basin for 2034 (a) and 2044 (b). 

The LULC projection results showed slightly decreasing trend in majority of the categories 

except a small increase in settlement (+17%) and cropland (+6%) during the 2024-2044 period (Figure 

9b). During this period, the highest and lowest decline is observed in forest (-31%) and shrubs and 

bushes (-6%), which reduced from 103 km2 to 71 km2 and from 2082 km2 to 1955 km2, respectively. In 

the 2034-2044 period, the majority of the classes slightly increased with the exception of cropland 

which slimly decreased by -0.6%. 
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(a) 

 
(b) 

Figure 9. Absolute area of each LULC type for the three periods (a) and change in areas between each time period 

(b) in the Giba basin. 

The slight decline of cropland is likely associated with the increment of the settlement category 

that increased from 78 km2 in 2024 to 91 km2 in 2044 (Figure 9a). In this period, maximum (3.4%) and 

minimum (0.6%) increase was observed in settlement and barren land classes, respectively. 

Therefore, it can be noted that LULC change during the 2034-2044 period showed insignificant 

change except in the settlement category. 

Referring to the transition matrix (Table S7), forest areas will continue to experience considerable 

changes in the near future. The swap change analysis shows about 70% of the forest areas in 2024 will 

remain unchanged in 2044. Accordingly, nearly 19% and 10% of the forest areas will be changed into 

shrubs and bushes and cropland classes, respectively. In general, only 5.3% of the study area will 

experience LULC changes from one category to another category. In other words, about 95% of the 

Giba basin will remain unchanged in the next two decades (2024-2044). 

4. Conclusions 

An in-depth analysis of LULC dynamics in semiarid regions plays a pivotal role in the 

sustainable development and management of land and water resources and environmental 

monitoring. In this regard, this study has investigated the historical trends and future LULC change 

dynamics of the Giba basin (in the semiarid region of northern Ethiopia) over the course of 60 years 
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(1984-2044). For the historical period (1984-2024), an overall increasing trend in cropland, shrubs and 

bushes, settlement, and water body categories was observed, whilst a decreasing trend in forest, 

barren land, and grassland classes. The cropland category showed a highly increasing trend from 

36% in 1984 to 50% in 2024, which depicts that high population growth has resulted in expansion of 

agriculture mainly through the clearance of vegetated areas. Similarly, the continuous declining trend 

in barren land associated with an increase in shrubs and bushes is linked to the catchment 

rehabilitation programs that have been intensively implemented following the government change 

at the beginning of the 1990s. Similarly, the 2020–2022-armed conflict in northern Ethiopia has also 

resulted in a decline in forest resource as farmers were forced to cut trees to generate basic income 

for their survival and to feed their livestock during the dry seasons. 

More than 40% of the total landscape of the Giba basin has experienced a shift from one class to 

other classes during the 2004-2024 period. However, about 95% of the landscape will remain 

unchanged in the next two decades (2024-2044). The slightly declining trend (-0.6%) of the cropland 

during 2034-2044 has largely influenced the stability of the LULC dynamics in this period. This is 

because the relatively high increment in the settlement category was mainly at the expense of the 

small decline in cropland. 

Overall, it can be noted that the CA-ANN model that utilizes remote sensing and socioeconomic 

data can be considered a promising tool to predict future LULC dynamics in data-limited areas like 

the Giba basin in northern Ethiopia. This study provided adequate information on the historical and 

future LULC dynamics of the study area, which can be used as input for robust planning of land and 

water resources. The study recommends another research on the investigation of the impacts of 

LULC dynamics on groundwater resources in the basin. This may provide significant information on 

the interactions between river basin characteristics and hydrological processes that control the 

availability of groundwater resources, which is becoming the main supply for domestic and irrigation 

water needs and ecosystem setrvices in the basin, particularly since the last two decades. 
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