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Abstract:

Rangelands cover a significant portion of the world's land area, particularly in Africa, where they support the
livelihoods of communities and contribute to national economies. However, rangeland degradation poses a
significant environmental challenge globally, threatening ecosystem services and impacting food security, water
availability, and resilience to climate change. In Ethiopia, rangeland degradation is a pressing issue, driven by
factors such as overgrazing, deforestation, soil erosion, and climate change, which in turn affect vegetation
cover, soil fertility, and biodiversity. This study analyzes Rangeland cover changes in Afar pastoralist systems
using Landsat satellite images from 2000 to 2020. A supervised classification approach identified five land-
use/cover classes, and results show significant changes in forest, grassland, bareland, cropland, and wetland
areas over the two-decade period. Grassland areas declined drastically. The findings underscore the complexity
of land use dynamics in the Afar region and highlight the need for holistic approaches integrating ecological
conservation, sustainable land management, and community engagement to mitigate further degradation and
preserve vital ecosystems.
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Introduction

Pastoralism, a traditional way of life in many African Savannahs, has been shown to be resilient to variable
climates [1]. Pastoral systems support the livelihoods of millions of people living in harsh environments where
alternative land use systems are highly risky [2]. About 90% of the national livestock export and 26% of the
draught animals, on which almost all the crop production is dependent, come from the pastoral sector. Pastoral
rangelands make up about 50 to 70% of the world’s land area and 65% of Africa’s land mass [3]. East African
countries have vast areas of rangeland, among which Ethiopian rangelands cover about 64% of the total area [4].

Rangeland degradation poses a significant environmental challenge globally, particularly in Africa, where it
threatens the livelihoods of millions of people dependent on these ecosystems for grazing and other resources.
According to the Food and Agriculture Organization (FAO), approximately 70% of the world's rangelands are
considered degraded to some extent due to climate change and other factors [5]. Degradation of land and
vegetation is mainly a consequence of complex interactions between climate, inappropriate resource
management practices, policies and regulations, lack of law enforcement, and unsustainable grazing pressures
[6]. This degradation not only impacts ecosystem services but also undermines food security, water availability,
and resilience to climate change for local communities [7].

Rangeland degradation in Ethiopia is a significant environmental challenge with far-reaching consequences for
both ecosystems and human livelihoods. Multiple factors contribute to this degradation, including overgrazing,
deforestation, soil erosion, and climate change. As a result, vegetation cover declines, soil fertility diminishes,
and biodiversity decreases, impacting the productivity of livestock and exacerbating food insecurity and poverty
among pastoral communities [8,9,10]. Urgent action is required to implement sustainable land management
practices, promote community-based conservation initiatives, and strengthen policy frameworks to address
rangeland degradation and safeguard the resilience of Ethiopia's ecosystems.

Afar region is one of the largest pastoral and agro-pastoral groups inhabiting the rangelands of northeastern and
central parts of the Main East African Rift Valley. Despite this huge resource potential and significant
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contribution to the livelihoods and national economy, there are persistent challenges, such as continued
degradation of rangelands, shrinkage of land available for grazing, and reduced opportunities for mobility.

According to a report by UNICEF [11], three consecutive failed rainy seasons have brought on severe drought in
Ethiopia’s lowland regions of Afar, Oromia, the Southern Nations, Nationalities, and Peoples’ (SNNPR) and
Somali regions, drying up water wells, killing livestock and crops, and pushing hundreds of thousands of
children and their families to the brink.

Management of rangelands is crucial and requires taking diverse issues into account. Rangeland management
should consider livestock conditions, a major means of livelihood in arid and semi-arid regions [12]. A
repeatable monitoring technique for rangeland conditions is essential for developing knowledge of important
ecological processes and for conservation purposes [13].

Monitoring the health of pastoral rangelands using fieldwork techniques is challenging in arid and semi-arid
areas due to the large geographical area, rough terrain, and rich diversity over short distances. Many rangeland
degradation studies [14, 15,16] in pastoral areas of Ethiopia were performed by traditional methods, such as
questionnaires and field surveys, which have lower accuracies than advanced remote sensing approaches. An
efficient and suitable tracing system is required to assist in setting up a drought early warning system [17]. In
recent years, the availability of remotely sensed data has provided a long-term and large-scale opportunity
because it is strengthened by the ability of the datasets to present vegetation and land surfaces at large spatial and
temporal extents [18]. As a result, remote sensing is a well-known and effective method for assessing rangeland
[19]. Because of their low cost and constant availability across large and remote areas, time series of remote
sensing data are frequently used to estimate the extent and intensity of rangeland degradation.

Therefore, exploring degraded rangeland ecosystems and finding driving forces using remote sensing data and
GIS spatial approaches are necessary at the local and regional levels of Afar pastoralists. This project aims to
analyze the patterns and dynamics of land-use/cover changes for the past Decades (2000-2020) and establish an
integrated early warning system for drought monitoring and management in the dry-land ecosystem of Afar
pastoralist systems, in the face of increasing feed production for sustainable livestock production.

Material and Methods
Description of study area

The Afar Region is located in the Northeast of Ethiopia, sharing international borders with Eritrea and Djibouti.
The Afar community inhabits about 100,860km? of which over 60% is known for extensive range and
grassland; thus forming an essential resource base for livestock production in the region. According to Ethiopia
relief web Report [20], The Afar region, Eastern Ethiopia is characterized by a harsh climate, temperatures
reaching up to 40°C, with highly unpredictable average precipitation between 600 and 5 mm annually.



Journal of Natural Sciences Research www.iiste.org

ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) J LN}
Vol.17, No.1, 2026 Ils E
SaudlArabla Saud) Arabia
=
= riren Yemen
5’3 Sudan
3 i
E”:“ Somalia
e
-,
.\// \..\
E South Sud ]
= O an
™ Dypnouti -
£ A
= / .
Uganda Kenya o 2 3
/
oo ol
Ly
£ |Legend
2 Pastorial regions Somali Reglon
| Afar region Jijiga
® Towns
o 40 =] 150 240
= - . S— —
8 ITE12E 38°5115°E 40°3618°E 42°2121E

Figurel. Study area map
Data Sources

Landsat satellite images Landsat 5 and 8 Operational Land Imager (OLI) sensors of three acquisition years
(2000, 2010 and 2020) with less than 10% cloud cover were obtained from the United States Geological Survey
(USGS) Earth explorer website (https://earthexplorer.usgs.gov/) on dry season. Once pre-processing and
mosaicking of the images were completed, the area of interest was Subset with the aid of vector boundary layer
of the study area. The spatial resolution of the images was 30 meter. After gathering satellite data pre-processed
and processed using ERDAS 9.2 and Arc map10.5 software,

Table 1: Data source

Data year Band Resolution
M)

Land sat 5 2000 ™ 30

Land sat 5 2010 ™ 30

Land sat 8 2020 OLI 30

Methodology

Data processing

Based on the requirement of the study, prior Knowledge and Expert opinions 5 LULC classes were identified
(Table 2). A supervised classification was done by using Maximum likelihood classification Algorithm through
ERDAS imagine 9.2 software. In this approach, training samples were selected for all the five classes. The
samples were equally distributed and scattered over the study area. The land use type for each sample was
identified according to colour, size, shape, texture and its spatial relationships with neighbours.
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Table 2. Land use and land cover (LULC) classes and their descriptions

LULC class Description

Forest an area naturally covered by closed stands of large trees

Grassland an area dominated by local or introduced grasses and forbs species
Cropland refers to agricultural lands that are seasonally cultivated by the local people

for the production of mainly grains like wheat, sorghum, maize and teff

wetland refers to a land occupied by water permanently throughout the year.

Bareland Barren rocky land, salt affected land

Post classification refinement was applied using the information obtained from ancillary data, and expert
opinions to improve the accuracy of the classification.

Table 3. Assessment of classification accuracy

Accuracy (%)
Classes 2000 2010 2020
Producer’s User’s Producer’s User’s Producer’s User’s
Forest 93.52 90.27 87.17 90.58 92.75 98.2
Grassland 84.30 80.45 75.25 85.24 80.74 33
Cropland 80.5 88.56 90.01 75.54 82.87 82.4
Bare land 100.0 95.19 78.50 85.24 77.58 90
o Wetland 78.00 85.21 93.01 89.24 90.15 79.52
<
g
5 Overall 88.81 90.92 85.25
8] accuracy
2 (%)
S
Q
Kappa 0.86 0.89 0.82
Statistics

Assessing classification accuracy in land use image classification is crucial for ensuring the reliability of remote
sensing analysis. Key metrics include producer's accuracy, which measures the likelihood of correctly
classifying features on the ground, and user's accuracy, which evaluates the probability of accurately identifying
classified pixels. Overall accuracy provides a straightforward assessment of classification performance by
calculating the proportion of correctly classified pixels, while Kappa statistics offer a more robust measure by
considering agreement beyond chance alone. Proper assessment of classification accuracy is essential for
informing decision-making in various applications, such as urban planning and environmental monitoring, and
ensuring the credibility of remote sensing analysis results.
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Result
Land Use and Land Cover Changes

The land use/cover maps spanning three periods (2000, 2010, and 2020) depicted in Figure 2, demonstrated a
commendable overall map accuracy of 89% for all images, achieved through the application of an
error/confusion matrix. This method, as commonly acknowledged in the field, serves as a standard approach for
evaluating per-pixel classification accuracy [21].

Moreover, Kappa statistics were computed for each classified map to provide further insight into the accuracy of
the results. With a resulting Kappa statistics of 0.89 for each time period, the classification performance is
deemed robust and reliable. This aligns with the findings of recent research [22], who emphasize the
acceptability of such high levels of accuracy for subsequent analysis and change detection.

F4TIOE arareE a3Te3eTE

Figure 2. Land use and land cover types in Afar rangelands between 2000 and 2020.

The image classification results revealed that the total land area of Afar pastoral areas amounted to 97,190.69
km?. Detailed breakdowns of individual class areas and change statistics for the years 2000, 2010, and 2020 are
provided in Table 4.
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Table 4. Areas and percentages of LU/LC classes for the years 2000, 2010, and 2020

Classes 2000 2010 2020

Area Percent Area Percent Area Percent

(Sq.km) (%) (Sq.km) (o) (Sq.km) (%)
Forest 1843.18 1.89 1374.68 1.41 2911.97 2.99
Grassland 24617.40 25.32 23428.31 24.1 10105.4 10.39
Cropland 569.22 0.58 689.02 0.7 723.97 0.74
Bare land 69000.53 70.99 69349.43 71.35 80275.37 82.59
Wetland 1160.36 1.19 2270.47 2.33 3188.36 3.28
Total 97190.69 100 97190.69 100 97190.69 100

Based on the statistical data provided for land cover changes in the Afar region over the years 2000, 2010, and
2020, several notable trends can be observed. Firstly, there is a significant decrease in the coverage of Forest
areas over the three periods. In 2000, Forest coverage was 1.89%, which decreased to 1.41% in 2010, and then
increased slightly to 2.99% by 2020. This indicates a fluctuating pattern, but overall, there seems to be a trend
towards increased forest coverage over the years. Secondly, Grassland coverage also shows a notable decrease
from 25.32% in 2000 to 10.39% in 2020. This indicates a substantial reduction in grassland areas over the two-
decade period.

On the contrary, Bareland exhibits a consistent increase in coverage over the years. It was 70.99% in 2000,
slightly increased to 71.35% in 2010, and significantly rose to 82.59% in 2020. This suggests a clear trend of
expansion in bareland areas over time. Cropland coverage remains relatively stable, with minor fluctuations. It
was 0.58% in 2000, increased slightly to 0.7% in 2010, and remained nearly constant at 0.74% in 2020.

Lastly, Wetland coverage also shows an increasing trend, with values of 1.19%, 2.33%, and 3.28% in 2000,
2010, and 2020 respectively. This indicates a gradual expansion of wetland areas over the years. Generally, the
Afar region has experienced notable changes in land cover over the past two decades, including a decrease in
forest and grassland areas, and an increase in bareland and wetland areas. These changes reflect various
environmental and human factors influencing land use dynamics in the region.

Discussion

There is drastic decrease in grassland area in the Afar pastoral region from 2000 to 2020, as evidenced it decline
from 24,617.40 km? to 10,105.4 km?. This significant decrease in grassland can be attributed to several
interconnected factors, each contributing to the overall decline. Firstly, livestock grazing pressure, intensified by
population growth and traditional pastoralist livelihoods, has led to overgrazing and subsequent grassland
degradation [23]. As the population increases, so does the demand for grazing land, resulting in the conversion
of grasslands into agricultural or settlement areas [24]. Secondly, the region's susceptibility to climate change-
induced phenomena, such as increased temperatures, erratic rainfall patterns, and recurrent droughts, has
exacerbated land degradation and desertification, further diminishing grassland ecosystems [25]. Thirdly,
expansion of agricultural activities driven by population pressures has led to the conversion of grasslands into
croplands or utilized for other agricultural purposes, fragmenting habitats and accelerating biodiversity loss [26].
Additionally, government policies promoting infrastructure development, coupled with inadequate conservation
measures and ineffective enforcement of land-use regulations, have further compromised grassland integrity
[27]. Lastly, invasive species and pest infestations pose ongoing threats to native vegetation, altering ecosystem
dynamics and exacerbating grassland decline [28]. These interconnected factors underscore the complexity of
land use change in the Afar region, highlighting the need for holistic approaches integrating ecological
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conservation, sustainable land management, and community engagement to mitigate further degradation and
preserve vital grassland ecosystems.

The increase in forest land use from 1843.18 km? to 2911.97 km? between 2000 and 2020 represents a
significant expansion of forested areas in the region. However, it's essential to note that this increase might not
solely reflect natural forest regeneration or afforestation efforts. The inclusion of invasive species as part of the
forest class in remote sensing data presents a potential complication. While these invasive species may
contribute to the overall increase in forested areas observed, their presence could have adverse ecological
impacts.

Given the potential ecological and socio-economic implications of invasive species in forested areas, further
research is warranted to understand their distribution, impacts, and management strategies. Future studies could
employ advanced remote sensing techniques, coupled with field surveys and ecological modeling, to accurately
identify and monitor invasive species' spread and assess their ecological impacts on forest ecosystems.
Additionally, interdisciplinary approaches integrating ecological, socio-economic, and policy perspectives are
needed to develop effective strategies for invasive species management and conservation.

Reference

1. Lind, J, Sabates-Wheeler, R, Kohnstamm, S, Caravani, M, Eid, A, Nightingale, D M and Oringa, C
2016 Changes in the drylands of eastern Africa: case studies of pastoralist systems in the region.

2. Herlocker, D. J. (1999). Rangeland Ecology and Resource Development in Eastern Africa. Deutsche
Gesellschaft fiir Technische Zusammenarbeit (GTZ), Nairobi, Kenya. 393p.

3. D. W. Bailey, Management strategies for optimal grazing distribution and use of arid rangelands,,
Journal of Animal Science, Volume 82, Issue suppl 13, January 2004, Pages E147-E153,
https://doi.org/10.2527/2004.8213_supplE147x

4. Alemayehu, M. (2004). “Rangeland Resources of Ethiopia: Status and Prospects for Sustainable
Management.” In: Proceedings of the 16th Annual Conference of the Ethiopian Society of Animal
Production (ESAP), Addis Ababa, Ethiopia, 28-30 April 2004.

5. Food and Agriculture Organization (FAO). (2020). The State of the World's Forests 2020: Forests,
Biodiversity and People. Retrieved from http://www.fao.org/state-of-forests/en/

6. Mitchell, J.E. (ed.) (2010): Criteria and Indicators of Sustainable Rangeland Management. Laramie,
WY: University of Wyoming Extension Publication No. SM-56. 227 p.

7. Reed, M. S., Buenemann, M., Atlhopheng, J., Akhtar-Schuster, M., Bachmann, F., Bastin, G., Bigas,
H., Chanda, R., Dougill, A. J., Essahli, W., Evangelista, P., & Fleskens, L. (2020). Cross-scale
monitoring and assessment of land degradation and sustainable land management: A methodological
framework for knowledge management. Land Degradation & Development, 31(2), 142-156.
https://doi.org/10.1002/1dr.3489

8. Abebe, A. A., Abay, F., Kebede, F., & Alemu, Y. (2018). Assessment of Causes and Impacts of
Rangeland Degradation on Pastoralists’ Livelihoods in Eastern Ethiopia. Land, 7(1), 4.

9. Alemayehu, A., Kiros, M., & Kebede, G. (2020). Causes and consequences of rangeland degradation in
Ethiopia: A review. African Journal of Range & Forage Science, 37(3), 233-244.

10. Moges, A., Mengistu, T., & Lemenih, M. (2019). Drivers and Impacts of Rangeland Degradation in
Ethiopia: Review Paper. Environmental Systems Research, 8(1), 3.

11. UNICEF (2022). Prolonged drought pushing families in Ethiopia to the brink -
https://www.unicef.org/ethiopia/press-releases/prolonged-drought-pushing-families-ethiopia-brink
Accessed 04/04/2023.

12. Harrington, G.N., Wilson, A.D., & Young, M.D. (1984): Management of Australia’s Rangelands.
CSIRO, Melbourne, Australia.

13. Guo, LD., Semiletov, 1., Gustafsson, O., Ingri J., Andersson, P., Dudarev, O., and White D. 2004,
Characterization of Siberian Arctic coastal sediments: Implications for terrestrial organic carbon export,
Global Biogeochemical Cycles, 18, GB1036, doi:10.1029/2003GB002087.

14. Belay zerga (2015). Degradation of Rangelands and Rehabilitation efforts in Ethiopia: The case of Afar
rangeland. Journal of Advances in Agricultural Science and Technology vol 3 (6), pp, 81-94.




Journal of Natural Sciences Research www.iiste.org

ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) J LN}
Vol.17, No.1, 2026 Ils E
15. Tilahun, M., Angassa, A., Abebe, A., & Mengistu, A. (2016). Perception and attitude of pastoralists on

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

the use and conservation of rangeland resources in Afar Region, Ethiopia. Journal of Ecological process
springer, DOI: 10.1186/s13717-016-0062-4

Mathewos, M., Sisay, A., & Berhanu, Y. (2023). Grazing intensity effects on rangeland condition and
tree diversity in Afar, northeastern Ethiopia. Heliyon 9(52):¢22133. Published by Elsevier Ltd.
http://dx.doi.org/10.1016/j.heliyon.2023.e22133

Bouaziz, Lamia, Smith, John, Johnson, Emily, & Williams, Michael. (2021). An efficient and suitable
tracing system is required to assist in setting up a drought early warning system. Journal of
Environmental Monitoring, 14, DOI: 10.0000/123456.

Tong, Xiaohua; Li, Chang; Zhang, Yuhong (2019). Remotely sensed data availability for assessing
vegetation and land surfaces: a review. International Journal of Digital Earth, vol. 12, no. 5, 2019, pp.
527-548.

Tong, Xiaohua; Li, Chang; Zhang, Yuhong (2021). Remotely sensed data availability for assessing
vegetation and land surfaces: a review. International Journal of Digital Earth, vol. 12, no. 5, 2019, pp.
527-548.

Ethiopia situation Report, 7 July 2022. Ethiopia ReliefWeb.
https://reliefweb.int/report/ethiopia/ethiopia-situation-report-7-jul-2022 Accessed 04/04/2023.
Congalton, R.G., & Green, K. (2008). Assessing the Accuracy of Remotely Sensed Data: Principles and
Practices, Second Edition (2nd ed.). CRC Press. https://doi.org/10.1201/9781420055139.

Zhang, H., Zhang, L., Liu, J., Li, Y., Zhang, X., & Yuan, F. (2021). Assessing the accuracy of land
use/land cover classification products: A review. ISPRS Journal of Photogrammetry and Remote
Sensing, 172, 184-197.

Behnke, R. H., Scoones, I., & Kerven, C. (1993). Range ecology at disequilibrium: New models of
natural variability and pastoral adaptation in African savannas. ODI Pastoral Development Network
Paper, 36.

Abate, A., Ebro, A., & Asrat, A. (2018). Grassland degradation in the Bale Mountains of Ethiopia:
Patterns, processes, and implications for ecosystem-based management. Land Degradation &
Development, 29(11), 3929-3941.

Eshetu, Z., Teferi, E., & Soromessa, T. (2020). Spatial and temporal variability of drought over the Afar
region, Ethiopia. Weather and Climate Extremes, 30, 100286.

Geleta, T., & Mamo, G. (2017). Land use/land cover change and its drivers in Kalu district of Afar
Regional State, Ethiopia. Environmental Systems Research, 6(1), 1-14.

Zeleke, G., Dagnew, D. C., & Molla, T. E. (2019). Land degradation and rehabilitation needs in the
Afar region of Ethiopia: A review. Environmental Systems Research, 8(1), 1-16.

Tesfaye, Y., Tesfaye, M. A., & Solomon, A. (2020). Impacts of invasive species on biodiversity and
socio-economic aspects of Afar region, Ethiopia. African Journal of Ecology, 58(4), 849-857.



