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Abstract

Land degradation is one of the major challenges causing food insecurity and instability in Ethiopia. A comprehensive
study on trends and drivers of land degradation and, socioeconomic and ecological impact of land degradation is
necessary for an effective and sustainable mitigation measures. This study reviewed the drivers, trends and impacts of
land degradation, existing sustainable land management (SLM) practices, and policies for land use and resources man-
agement. We employed the keyword research acquisition approach to review 122 scientific papers, reports, and other
documents. The scientific literatures in the study were accessed through as the Web of Science, Scopus, and Google
Scholar search engines, while reports and other additional materials were sourced from a variety of repositories and
governmental offices. There has been a substantial increase in soil erosion since the 1980s in the highlands of Ethiopia.
lllegal logging, poor land management system, overgrazing of pasturelands, population growth, insecure land tenure,
war and conflict, poverty, ineffective government policies and programs, institutional issues, poor rural markets, and
low agricultural inputs remained the major drivers for land degradation in Ethiopia causing huge loss of agricultural
production and environmental unsustainability. Biological and physical soil and water conservation measures, exclosure
establishment, afforestation, and reforestation programs are the most common intervention measures of preventing
and restoring degraded lands. SLM practices such as intercropping systems, composting, crop rotation, zero grazing,
minimum tillage, agroforestry and rotational grazing has been implemented across the country. However, land security
and the absence of clearly defined property rights are the major factors that influence farmers’ decisions for a long-term
investment on land resources. Thus the SLM practices and various restoration interventions remain a critical requirement
to address the growing concerns of land degradation in Ethiopia.
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1 Background

Land degradation, a pervasive global issue, has significantly reduced the ability of land to provide vital ecosystem services
to human beings. As we approach the third anniversary of the launch of the UN Sustainable Development Goals (SDGs),
Land Degradation Neutrality (LDN), encapsulated in Target 15.3, remains a key global challenge [1]. Ethiopia has been
particularly affected by land degradation contributing to rural food insecurity and aggravating local conflicts over land
utilization. Approximately 50% of the rural highland areas are classified as degraded, resulting in the loss of numerous
ecosystem services to the local community [2].

Land degradation has an impact on both rural livelihoods and food security and environment in Ethiopia. For instance,
the agriculture in the country is under a threat because of the escalating land degradation issues. This impact is broad,
affecting not only subsistence agriculture but also the nation’s economic development. The primary consequence is a
direct reduction in agricultural productivity due to the loss of fertile soils, which exacerbates food insecurity [3]. The
environmental issues associated with land degradation are extensive including amongst others significant soil erosion,
reduced water quality, loss of biodiversity [4], diminished vegetation cover and growth [5], and reduction in ecosystem
services [6].

Since the devastating famine of 1984-1985, various remedial interventions have been implemented across the country.
Concurrently, numerous studies on land degradation and sustainable land management (SLM) have been undertaken
in the highlands of Ethiopia [5, 7-9]. However, these efforts have been disjointed and inadequately documented, neces-
sitating a comprehensive review. Furthermore, these studies have largely been confined to the Ethiopian highlands,
creating a knowledge gap that requires a thorough literature review of the current government policy documents,
reports, and peer-reviewed studies.

This paper, therefore, aims to fill this gap by providing an up-to-date analysis of land use, including trends in land
degradation/desertification, and the drivers and impacts of land degradation. It also aims to evaluate existing SLM prac-
tices and current policies. For this study, land degradation indicators including soil erosion, depletion of soil fertility, and
vegetation deforestation were used to assess the extent and severity of land degradation in the highlands of Ethiopia.

2 Methods

The goal of this paper is to review the drivers and trends of land degradation, impact of land degradation, existing
SLM practices and policies on sustainable land use and resources in Ethiopia (Fig. 1). The information required for this
study was acquired by collecting, assessing, and synthesizing data from different sources, including, among others, a
review of peer-reviewed articles, government documents and reports on trends, hotspots, drivers and impacts of land
degradation, existing SLM practices, land use policies in Ethiopia. Articles and book searches were done in the Web of
Science, Scopus, and Google Scholar search engines. Moreover, reports and other documents were sourced from various
websites spanning from 2000 to 2023. Search phrases and keywords used in the academic databases and Google search

"

included:“Land use in Ethiopia”, “Land degradation’, “trends of land degradation”, “hotspots of land degradation’, “drivers
and impacts of land degradation”, “sustainable land management’, “land use policy of Ethiopia”and “political processes
and key initiatives” As a result, more than 410 papers were retrieved from the search engines. A total of 122 papers, after
avoiding duplications, were finally selected for the review and synthesis. These include research articles (n =72), books
and book chapters (n=15), conference proceedings (5), and reports, theses, and websites (n=22). The materials attained

from the different searches were read, assessed, and synthesized in the review process.

3 Land use, land degradation and SLM practices in Ethiopia
3.1 Land use
The Millennium Ecosystem Assessment [10] defines 'land’to encompass renewable natural resources such as soils, water,

vegetation, and wildlife within terrestrial ecosystems. It was also defined by the United Nations Convention to Combat
Desertification (UNCCD) as a global bio-productive system that involves flora, soil, other biota, and the hydrological
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and ecological processes that function inside the system. Each ecosystem service that we use is directly or indirectly
traced ultimately to land. Land provides a wide range of services that are essential for human well-being and economic
development. These services include food production, water supply, climate regulation, biodiversity support, soil forma-
tion and fertility, recreation and cultural services, and raw materials and energy resources. Our lives on earth would be
inconceivable without it. Land resources can be considered as land units that have direct economic usage or intrinsic
value for society.

According to the FAO Database [11], the total area coverage of Ethiopia is around 1.10 million km?, of which about
90.56% is land and the remaining 9.44% is inland water bodies. The agricultural land accounts for 30.5% of the total area
of the country [11]. Agricultural land includes arable land (10%), permanent cropland (0.5%), and permanent meadows
and pastureland (20%) [11]. The same report also showed that, the forest area accounted for only 14.7% of the total sur-
face area of Ethiopia of which 14.2% was naturally regenerated forest, and the remaining 0.5% was plantation forests. In
total, agricultural and forest lands accounted for about 45% of the total area of the country in 1993 (Fig. 2).

The trend in the land use change since 1993 indicated that agricultural land increased while forest land decreased
(Fig. 2). During this period, the portion of cropland increased from 30.5% in 1993 to 36.2% in 2015, whereas the forest
land decreased from 14.7 to 12.5% [11].

3.2 Land use per capita

It has been widely argued that population pressure is among the drivers of land degradation. Moreover, land is a finite
resource and cannot be expanded to increase agricultural production. Thus, with a growing population the scarcity of
land increases. Ethiopia’s population in 2007 was 73.8 million and it has increased to 106.98 million in 2022 [12]. The
population is also projected to reach about 130.87 million in 2032 (Fig. 3).

Despite the predicted decline in the rural population from 82% in 2012 to 70.2% by 2032, the total rural population is
estimated to be 95.38 million by 2032 [12]. These imply that there will be a decline in per capita land area in all the land
use types than has been ever observed to these days. The trends in land per capita over the period from 1993 to 2015
indicated that the total land area per capita was 1.87 ha in1993 and this declined to almost 1 ha in 2015 [11]. In terms
of the different land uses, the agricultural land per capita in 1993 was 0.57 ha and declined to 0.36 ha in 2015. Similarly,
forest land per capita decreased from 0.27 ha in 1993 to 0.12 ha in 2015 (Fig. 4). Similar trends of declining land use per
capita have been observed for arable land, permanent croplands, meadow and pasturelands, natural forest, and planted
forest [11].
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Fig.2 Land use in Ethiopia from 1993 to 2015 (FAOSTAT, 2018)
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In developing countries, land is an essential asset that governs political and socio-economic activities. It also provides
different ecosystem services and is used as a source of income in rural areas [13, 14]. Close to 80% of the Ethiopian popu-
lation resides in rural areas where the most productive and expansive land of the country occurs [15] and an estimated
70% of the total population in the country is predicted to live in rural areas by 2032 (Fig. 3), occupying one of the largest
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sectors of the economy in a country where agriculture accounts for 46.3% of the GDP, about 84% of the commodities
for export and 80% of the labor force [16].

3.3 Land degradation

Land degradation has become an international issue of the twenty-first century because of its wide-ranging impacts
on development and the environment. More specifically, it affects agricultural production, food security, and human
well-being [17].

Land degradation is a process that reduces the capability of the land to carry out functions of vital importance and
provision of ecosystem services. UNCCD defines land degradation as “any reduction or loss in the biological or economic
productive capacity of the land resource base". The major causes of land degradation are related to anthropogenic activities
and aggravated by natural phenomena. Furthermore, other interlinked factors such as climate change and biodiversity
loss also tend to amplify land degradation. This definition implies that land degradation is contextual and there has been
no accurate measurement of the extent of degradation [18].

Land degradation can be initiated by different natural and man-made processes that reduce the production capacity
of the land and ultimately cause long-standing and often irreversible harm to the land. Soil erosion by wind and water,
fertility loss, accumulation of acid and salts in the soil, reduction in cation retention capacity, hard soil layer formation
by crusting and compaction, and decrease in total biomass carbon and biodiversity are among the primary processes
of land degradation [19].

Land degradation is a process gaining strong focus for its impact on food security and economic well-being of coun-
tries, and the living conditions of individual people on the planet [20]. According to Hurni et al. [5], in Ethiopia, land deg-
radation can be traced back to the time of the Axumite kingdom, where forests were cleared for agricultural expansion
[21], dating back as far as 3000 years ago [22]. Moreover, as Berry [23] indicated, declining land productivity in Ethiopia
is an issue that requires urgent attention considering the recent surge of the population in the country and projected
trends to increase in the future.

With an estimated 85% of degraded land in Ethiopia [24], land degradation, is one of the principal environmental
challenges of the country. Previous studies reported that land degradation is affecting about 70% of the inhabitants
in the Ethiopian highlands and an area of more than 40 million hectares [25]. According to the remote sensing-based
estimates, the degraded land for the last thirty years alone constitutes about 23% of the total area in the country [24].
The extent of the annual soil erosion reported varies from 16 to 300 tons ha™' yr™', depending on the surface slope, land
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cover, and rainfall intensities [26, 27]. These losses could have contributed to about 1-1.5 million tons increase in the
crop production of the country [7].

Water-induced soil erosion is the most common form of land degradation in Ethiopia and this has rapidly increased
over the last few decades mainly due to unsustainable land use/cover practices [24]. Soil erosion is regarded as one of
the main factors that prompt land degradation and is liable for environmental challenges constraining the efforts made
to achieve food security and future development possibilities by the country [28]. Due to the prevalence of higher soil
erosion rates compared to many other countries in the continent, Ethiopia is regarded as one of the most susceptible
countries to land degradation [29].

Despite a plethora of studies indicating considerable information about soil erosion in Ethiopia since the mid-1980s,
the reliability and consistency of data related to the rate and extent of soil loss remains anecdotal [24, 30]. This is due
to various factors, including, inter alia, the lack of basic data for erosion assessment, the use of different methodologies
and models, and the complexity of the erosion processes and controlling factors it [30, 31]. Previous studies for estimat-
ing total soil loss are limited and differ in aerial extent (either at a regional or national scale) mapped, and methodology
used, and consequently, the results obtained [32]. For example, Sonneveld et al. [33] developed a provisional soil loss
map of Ethiopia by fusing the estimates of different models and accordingly, they obtained a soil loss ranging from 0
t ha'y~" in the east and southeastern parts and exceeding 100 ton ha™' year™" in the north-west parts of the country.
Obtaining estimates of soil loss involves analyzing complex patterns of spatio-temporal variability, and conceptual and
methodological challenges [24]. There is also significant variability in estimating the rate of soil erosion arising from
variations in agro-ecology and soil types. Moreover, the soil degradation process varies significantly spatially [32, 34,
35]. Soil erosion occurs at varying rates and with varying degrees in different parts of the country. Haregeweyn et al.
[32], in their review on soil erosion and conservation in Ethiopia, indicated that the national scale estimates of soil loss
are both tentative and inconsistent.

3.4 Trends of land degradation

Land degradation is a significant issue in Ethiopia, with evidence of increasing trends reported currently [8]. The extent
of land degradation in Ethiopia is significant, with more than 85% of the land estimated to be moderately to severely
degraded [8]. Few site-specific studies also showed that land degradation is increasing. For instance, according to a
study conducted in the north-western parts of the country (around Lake Tana), low to moderate levels of soil erosion
were observed in 68% of the watershed, 31% faces high to extremely high levels of soil erosion and the remaining 1%
exhibited exceptionally high (more than 100 ton ha™' year™) erosion rates in the watershed [36]. Haregeweyn et al. [37]
conducted a study in the Gilgel-tekeze catchment of northern Ethiopia to investigate the effects of land use and land
cover changes on hydrologic responses. They found there was a rise in yearly surface runoff generated of up to 101 mm
and a decline in recharge of groundwater aquifers of 39 mm from 1976 to 2003. These changes were attributed to the
increase in agricultural land, which increased by 15% at the expense of shrubland, which decreased by 19%. Gessesse
et al. [38] also found an increase of 14.2% and 37% in surface runoff and sediment yield, respectively, in the Modjo water-
shed, Ethiopia. Le et al. [39], estimated the areal coverage of land degradation in Ethiopia increased by about 228,160
km? (or 23% of the total area) from 1982 to 2006. On the contrary, Nyssen et al. [40] claimed that there has been a posi-
tive change in the last 140 years in vegetation cover and better soil protection in Northern Ethiopia. Similarly, Belay et al.
[41] found an improved vegetation cover in Eastern Tigray, Ethiopia since 1994, compared to the period between 1965
and 1994. Land degradation is a site-specific issue that varies depending on the location, with some areas showing an
increasing trend of land degradation, while others show efforts to reverse land degradation. However, on a country-wide
scale, land degradation is increasing at an alarming rate.

3.5 Hotspots of land degradation

There have been repeated endeavors to detect the extent and severity of land degradation worldwide. Both the extent
and seriousness of the issue show spatial differences depending on the variations in elevation, ecology, precipitation,
land use/cover, and soil types. There were no studies that showed a comprehensive analysis of hotspots of land degrada-
tion in Ethiopia at a national scale. Most of the studies focused on the landscape level.

However, according to the existing literature, land degradation in Ethiopian highlands is more severe than in other
parts of the country with an estimated net soil loss ranging from 0.4 to 88 tons ha™' year™' and an average rate of 12
tons ha™'! year™' [42, 43]. Hermans-Neumann et al. [44] identified, the hotspot location of land degradation to be the
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northern highlands, parts of the Awash Valley, regions surrounding Lake Tana, the mountainous areas splitting Addis
Ababa, Bedele, and Jima, and central parts of the Great Rift Valley as land degradation hotspot areas. Mekonnen and
Melesse [36] also identified the Northwest Ethiopian highlands as an erosion-prone area with a soil loss, ranging between
0.0046 and 192 tons ha™" yr™".

The regions with low soil fertility in Ethiopia, particularly the densely populated highlands like Tigray, face challenges
of nitrogen and phosphorus deficiencies, leading to decreased crop yields and diminishing soil quality [45]. Inappropriate
land use systems, mono-cropping, and inadequate nutrient supply are among the contributing factors to the decline in
soil physical, chemical, and biological properties in these areas. Similarly, the central highlands of Ethiopia, character-
ized by Vertisols, also face with poor soil fertility due to erosion, intensive farming practices, and nutrient depletion [46].
Higher nutrient losses due to a lack of soil management practices, crop rotation, and planting of leguminous plants were
also observed in the Northwestern of Ethiopia [47].

Moreover, the increasing demand for agricultural land, fuelwood, and building materials due to population growth
has intensified pressure on forests in Ethiopia, resulting in deforestation and degradation [8]. Areas with high vegetation
degradation and deforestation are concentrated in densely populated highlands like Tigray, where significant soil loss,
deforestation, and reduced vegetation coverage are of critical concerns [8]. Similarly, the Afromontane forests in south-
ern Ethiopia, are at risk due to agricultural expansion and deforestation, threatening the biodiversity and ecosystems of
the region [48]. The Kaffa Biosphere Reserve in the southwestern part of Ethiopia is experiencing significant forest loss
primarily due to a substantial increase in agricultural land by 87.9% and settlement areas by 157%, leading to a nota-
ble decrease in the area of natural habitats [49]. Studies have also highlighted the Northern part of Ethiopia as heavily
degraded due to various interlinked environmental pressures [50-53].

3.6 Drivers of land degradation
3.6.1 Population growth

Population growth in Ethiopia has a profound impact on land degradation, leading to various environmental challenges
and affecting the sustainability of agricultural practices. According to the Central Statistical Agency of Ethiopia (CSA)
projection, Ethiopia’s population is expected to reach 143 million by 2037 [12]. The rapid increase in population exerts
pressure on natural resources, resulting in soil degradation, vegetation loss, and water degradation across the country. A
study by Bard et al. [54] on the environmental history of Tigray (northern Ethiopia) with a special focus on the Aksumite
kingdom (from 400 BC to 800 AD) revealed that demographic pressures were among the major contributors to soil erosion
in the region. Grepperud [55] explicitly stated that human and livestock population pressures have an identifiable impact
on land degradation only when the population is more than the threshold carrying capacity of the land. Similarly, various
authors stated that fast-increasing population growth is among the major causes of land degradation in Ethiopia [56-58].

Studies have underscored the adverse impacts of population growth on land resources, highlighting the connection
between rising population numbers and the deterioration of arable land in Ethiopia [59]. As the population expands,
the demand for vital resources like fuel, construction materials, and agricultural land increases, fostering unsustainable
land use practices and contributing to soil erosion and degradation [7]. The process of extensification, propelled by
population growth, results in forest clearance, cultivation on marginal lands, and overgrazing, further worsening land
degradation in the country [8]. This unsustainable expansion of agricultural activities into upland and marginal areas,
along with deforestation, significantly impacts land resources in Ethiopia, leading to a decline in soil quality and agri-
cultural productivity [60].

3.6.2 Land use/land cover dynamics

Land use/ land cover change is regarded as one of the main drivers of land degradation in Ethiopia [61-63]. For instance,
Meshesha et al. [62] asserted that the eastern Ethiopian highlands are susceptible to adverse water-based soil erosion
processes mainly due to land use/ land cover changes, amongst others. Similarly, WoldeYohannes et al. [63] studied land
cover land use dynamics in the Abaya-Chamo Basin, south Ethiopia, and found higher soil erosion, increased runoff, and
sediment transport thereby affecting the amount and quality of water in the lakes. Other scholars also stated that land
use land cover dynamics are among the drivers of land degradation [24, 57, 64].
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3.6.3 Climate change

Climate change significantly impacts land degradation, affecting the environment, ecosystems, and human livelihoods.
Land degradation, characterized by a negative trend in land conditions due to human-induced processes, is exacerbated
by climate change [65]. The intricate relationship between climate change and land degradation is influenced by vari-
ous factors. Climate change directly and indirectly affects soil processes, sometimes leading to catastrophic events like
severe floods and their aftermath, contributing to land degradation [54, 66, 671.

In Ethiopia, climate change has a profound impact on land degradation, exacerbating environmental challenges and
impacting community livelihoods. Studies by Hurni et al. [66] and Nyssen et al. [67] highlighted that climate change,
along with rapid population growth and ineffective land and water management practices, largely drives land degrada-
tion in Ethiopia. The country’s susceptibility to climate change is evident in the increasing variability and shifts in climate
patterns, leading to significant effects on agricultural practices and land management approaches [68, 69]. Research
emphasizes that climate change can escalate soil erosion, crop damage, and waterlogging, making land cultivation chal-
lenging or impossible, particularly in regions like the Agewmariam watershed in Northern Ethiopia [70]. Additionally,
Bard et al. [54] emphasized in their study on the environmental history of Tigray that a combination of a drier climate
and human activity played a significant role in contributing to soil erosion in the region during that historical period.

3.6.4 Poor agricultural land and water management

Poor agricultural land and water management are significant factors contributing to land degradation in Ethiopia [58, 62,
66]. This issue has led to the degradation of more than 85% of the country’s land to various degrees [24]. The most com-
mon form of land degradation in Ethiopia is soil erosion by water, which is exacerbated by factors such as deforestation,
overgrazing, cultivation on steep slopes, and unsustainable farming practices [71]. Rain-fed agriculture, which employs
80% of the population, is particularly vulnerable to land degradation, as it relies on the sustainable management of land
and water resources [72].

3.6.5 Insecure land tenure system

Land degradation in Ethiopia is a complex issue shaped by a multitude of factors. The insecure land tenure system in
Ethiopia has a significant impact on land degradation, leading to soil erosion, low incomes, and environmental chal-
lenges. Studies highlight that the lack of secure land tenure contributes to soil erosion and degradation, exacerbating
food insecurity issues in the country [73, 74]. Lanckriet et al. [56] conducted an insightful study into how land tenure
policies during three distinct political eras influenced this issue. These eras comprised the Feudal period (1940-1974), the
Dergue regime (1974-1991), and the EPRDF government (1991-2018). The analysis revealed that land degradation was
most severe during the Feudal period due to a stark imbalance in land rights. Essentially, poor farmers were compelled
to cultivate on marginal and steep slope lands, exacerbating the problem.

The relationship between land tenure security and land degradation is crucial, as insecure land tenure systems can
result in unsustainable land use practices, reduced investments in sustainable land management, and overall environ-
mental decline [75, 76]. In Ethiopia, where land degradation is a pressing issue, the insecure land tenure system hinders
sustainable land use practices and contributes to soil erosion, which further leads to decreased agricultural productivity
and livelihood challenges for local communities [73]. The absence of secure land rights can also discourage farmers from
investing in soil conservation measures or adopting sustainable agricultural practices, perpetuating a cycle of environ-
mental degradation and poverty. Studies by Legesse et al. [76], Mengesha et al. [77], and Teshome et al. [78] all suggest
that farmers are more likely to invest long-term in land they own outright, rather than shared or leased land.

Interestingly, a counterpoint to this narrative is offered by Moreda [74]. In a study conducted in two sites within the
Amhara region, it was discovered that farmers with insecure land rights were making significant efforts to mitigate the
damaging effects of land degradation. This finding contradicts the common belief that there is an inverse relationship
between land security and degradation.

3.6.6 War and conflict

The impact of war and armed conflict on land degradation in Ethiopia is profound, exacerbating existing environmental
challenges and leading to further deterioration of the nation’s land resources. The study by Hishe et al. [79], highlights
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that armed conflict has resulted in the abandonment of farmland and villages, causing a decline in vegetation density.
Furthermore, Negash et al. [80] demonstrated that the overuse of woody vegetation for firewood and charcoal has intensi-
fied due to the absence of alternative energy sources, contributing to land degradation. Another consequence of these
conflicts is the loss of wildlife populations, significantly impacting the overall ecosystem [80]. Moreover, the destruction
of forests and conservation structures caused by military activities has further worsened environmental degradation [81].

The displacement of approximately 2.1 million people due to the November 2020 Tigray conflict has added to the
environmental challenges. Displaced individuals often resort to using firewood for cooking and timber for temporary
shelters, leading to increased pressure on the already dwindling vegetation resources [81]. Unsustainable agricultural
practices, changes in land cover, and inadequate regulatory frameworks have also contributed to soil erosion and pol-
lution in the region [24].

As we distill the information from these studies, it becomes clear that land degradation in Ethiopia is not the result
of a single driving factor but rather a suit of interlinked complex factors. Key drivers of land degradation include rapid
population growth, land use changes leading to over-grazing and deforestation, poor agricultural practices and land
management systems, and climate change-related natural phenomena. The land tenure system, with its issues of security
and rights, also plays a pivotal role. Therefore, it is essential to understand these complexities when seeking solutions to
mitigate land degradation in Ethiopia.

3.7 Impacts of land degradation

Land degradation significantly impacts both socioeconomic and ecological aspects worldwide. It manifests in myriad
ways—once lush vegetation dwindles, rivers run dry, fields formerly rich are now overrun with thorny weeds, trails morph
into gorges, and soils become thin and stony. These signs pose grave implications for the environment, for those who
utilize the land, and for people whose livelihoods hinge on a healthy landscape [23]. Land degradation plays a crucial
role in perpetuating poverty, diminishing ecosystem resilience, and the provision of environmental services [82]. Moreo-
ver, the ripple effects of land degradation and environmental decay reach far and wide, influencing human health [83].

In Ethiopia, despite the lack of comprehensive national data on land degradation, it is clear that the phenomenon has
detrimental effects on household food security and directly undermines the livelihoods of rural inhabitants [24]. In the
short term, land degradation leads to reduced crop yields, which in turn escalate poverty levels among farming house-
holds. Teketay [84] estimated that soil erosion in just 1 year (1991) caused a significant reduction in grain yield, ranging
from 57,000 tons at a soil depth of 3.5 mm to 128,000 tons with a soil depth of 8 mm. Similarly, Berry [23] estimated a
3% decline (equivalent to $106 million in 1994) in Ethiopia’s agricultural GDP due to land degradation and associated
poor land management practices. Sonneveld [85] used a model to predict a food production loss of 10-30% by 2030
due to soil erosion. An estimated 1.5 billion tons of topsoil is washed away every year in Ethiopia, and this significantly
affects the income and food security of smallholder farmers. The annual cost of land degradation in the country was
estimated to be $4.3 billion [24]. Its impacts on smallholder-based maize and wheat production were also about $162
million—representing 2% of the country’s national GDP in 2007 [24].

The environmental repercussions of land degradation are vast and complex, particularly in arid and developing coun-
tries. It affects a broad array of ecosystem functions and services through both direct and indirect processes [86]. For
instance, Tolessa et al. [87] found a loss of $3.69 million in ecosystem services over 38 years (1973-2015) due to changes
in forest cover in Ethiopia’s central highlands. They reported that nutrient recycling, raw material supply, and erosion
control are among the ecosystem functions showing a declining trend.

Similarly, Kassa et al. [64] reported a decrease in biodiversity in Southwest Ethiopia due to the extensive cultivation
of tea, soapberry, coffee, and other cereals. Likewise, changes in land use and land cover in forests, cultivated areas, and
grasslands have led to a considerable reduction in key soil quality indicators such as organic carbon, total nitrogen,
phosphorus, and arbuscular mycorrhizal fungi (AMF) spore density in the northern Ethiopian highlands [88].

3.8 Land degradation prevention and methods of restoring degraded lands
Land degradation, a serious environmental issue, can be effectively mitigated through various targeted strategies, the
choice of which is largely contingent on the specific type and extent of degradation. For instance, soil degradation can

be mitigated by supplementing nutrient-poor soil, enhancing the topsoil quality through amendments, afforestation
and reforestation, and managing soil acidity to maintain it at non-toxic levels [89]. In line with this, Coxhead and Oygard
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[90] have underscored the importance of increasing vegetation cover, replenishing nutrients, and constructing soil and
water conservation structures as core environmental principles to curb land degradation.

In the rural landscapes of Ethiopia, the compounded challenges of land degradation, climate change, and food inse-
curity can be sustainably resolved through forest establishment and restoration practices [91]. Indeed, the country has
seen the widespread implementation of soil and water conservation structures as principal methods for soil restoration
and preservation [92]. Over a span of 30 years, noticeable improvements in vegetation cover and positive impacts on
soil physicochemical properties have been reported, owing to the integration of soil and water conservation measures
[93, 94].

Since the 1970s, Ethiopia has been actively engaging in land degradation control measures, such as landscape res-
toration and water-harvesting practices [95, 96]. Biological amendments, such as Pennisetum purpureum and Sesbania
sesban, have demonstrated significant beneficial impacts on the soil properties of degraded lands [96]. Community
labour mobilization for conservation practices and cover management resulted in a 42% decrease in relative soil loss [97].

Area exclosure for forest regeneration has been identified as a potent measure against land degradation, leading to
an increase in tree species richness with the age of land abandonment in degraded grazing lands of Northern Ethiopia
[98, 99]. The conversion of degraded communal grazing lands into exclosures has been proposed as a viable option
for soil rehabilitation [51]. Reforestation and afforestation interventions have also been implemented to reverse land
degradation trends [71, 98, 100].

Overall, a multi-pronged approach to land degradation, which includes afforestation, reforestation, soil and water con-
servation, and the application of biological amendments, has proven effective in mitigating land degradation in Ethiopia.
The success of these efforts is a testament to the potential of sustainable land management strategies in preserving our
natural resources for future generations. The challenge moving forward is to ensure the continuity and scale-up of these
efforts, strengthen the integration of scientific research into policy and practice, and enhance community involvement
in land management activities.

3.9 Existing SLM practices

Land degradation significantly impacts human well-being, both directly and indirectly. Solving land degradation prob-
lems could, therefore, contribute comprehensively to the achievement of many of the remaining SDGs. Addressing land
degradation involves the development and application of various technologies, policies, and strategies leading to SLM.
In Ethiopia, the government, in collaboration with other stakeholder institutions, has implemented SLM programs to
manage land degradation for the last decades [101].

SLM aims at the implementation of various strategies and technologies to manage land, water, biodiversity, and other
environmental resources. This integrated approach meets the needs of humans while preserving the future use of these
natural resources and their environmental services [102]. SLM interventions include agronomic actions (like inter-crop-
ping and contour cultivation), vegetation efforts (such as tree plantation and hedge barriers), structural measures (like
the formation of bench-terrace and bunds), and management strategies (like land cover/use dynamics and area-closures).

Given the widespread land degradation in Ethiopia, the socioeconomic, environmental, and ecological setup of the
country is significantly impacted. Since 1991, the people and the government of Ethiopia have implemented various
programs to combat, reclaim, and protect natural resources, including the SLM program. The SLM practices being imple-
mented encompass a variety of techniques such as intercropping, composting, crop rotation, fallowing, contour cultiva-
tion, mulching, tree planting, soil and water conservation structures, area exclosure, reforestation and afforestation, zero
grazing, minimum tillage, agroforestry, and rotational grazing [103-106].

In the Eastern Tigray’s semi-arid area of northern Ethiopia, measures taken to resolve land degradation problems
included improved tillage, formation of terraces, crop rotation, application of crop residues and barnyard manures, and
incorporation of weeds [107, 108]. In some areas of Tigray and neighboring regions, the development of sloping ter-
races is a longstanding practice by farmers without external support [109]. Over the last 29 years, the Tigray region has
made significant achievements in soil and water conservation, adding 1.2 million hectares of land for crop production.
As a result, the region was internationally recognized with a gold medal for its greening programs in drylands and its
achievements [110].

Minimum tillage has been used as a mechanism for improving crop yields in the Ethiopian highlands [111]. Similarly,
grazing management on communal lands has been implemented in Northern Ethiopia to enhance the sustainable uti-
lization of resources and overcome feed scarcities [112].
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Schmidt and Tadesse [113], used panel survey data from 4 years (2010-2014) to investigate the impact of SLM on
agricultural productivity. The results suggested that continuous maintenance is required to gain substantial benefits
from SLM programs. Another study by Schmidt et al. [114] investigated the impact of investments in SLM and other
complementary measures on the livelihood of subsistence farmers. The authors concluded that SLM program invest-
ments should be maintained for at least 7 years to observe a noticeable increase in produce value. They also found that
terraces constructed on medium to steep slopes are more productive.

Gebreselassie et al. [24] investigated the adoption level of farmers for six main SLM interventions in Ethiopia. These
practices include crop rotation, intercropping, improved seeds, use of manuring, application of chemical fertilizers, and
soil erosion control. The analysis indicated that the leading determinant factors for the success of SLM in Ethiopia fall
under biophysical, demographic, regional, and socio-economic determinants. Meanwhile, the availability of agricultural
extension, land-tenure security, and market accessibility are the necessary motivators that control the type and number
of SLM technologies to implement.

4 Land policies in Ethiopia and its implications for land degradation

Land use policy plays a pivotal role in agricultural production. However, it is difficult to establish a universally applicable
land policy due to the considerable variability in geographical, social, and cultural variables across different nations [115].

Ethiopia’s current land policy is grounded in the Land Reform Proclamation of 1975, which saw all rural land national-
ized and private land ownership abolished. The goal of this policy was to rectify historical inequalities in land distribution
and foster agricultural development. The policy posits that the state owns the land, with farmers only having the right to
useit[15, 116, 117]. As per the Proclamation No. 1/1995 constitution in Article 40, the land policy of the country stipulates
that “The right to ownership of rural and urban land, as well as of all natural resources, is exclusively vested in the state
and the peoples of Ethiopia. Land is a common property of the Nations, Nationalities, and Peoples of Ethiopia and shall
not be subject to sale or other means of exchange [118]”" In addition, Sub Article 7 regarding property rights asserts that
"Every Ethiopian shall have the full right to the immovable property he builds and to the permanent improvements he
brings about on the land by his labor or capital. This right shall include the right to alienate, to bequeath, and, where the
right of use expires, to remove his property, transfer his title, or claim compensation for it [118]."

The land policy in Ethiopia, a significant source of power, is often the subject of heated debates. Two opposing per-
spectives dominate the discourse. The Ethiopian government champions state land ownership, with landholders only
granted usufruct rights, excluding the right to sell or mortgage the land. The intention is to safeguard rural peasants
from selling their land to wealthier individuals, risking landlessness and loss of livelihood.

Conversely, there are proponents for individual land ownership, arguing that individuals should possess the right to
own and transfer land. They argue that state land ownership hampers the development of a land market, deters farm-
ers from investing in land, suppresses land productivity, and promotes unsustainable land use practices leading to land
degradation. Critics also point out the policy’s lackluster implementation and its questionable efficacy in addressing
issues of household farmland access.

Land security and ill-defined property rights significantly impact farmers’ decisions to invest in land [13, 76, 119, 120].
Land tenure insecurity has been identified as a considerable impediment to agricultural growth and natural resource
management. To mitigate this, the government has initiated measures like land certification and registration reforms in
various regions, serving as a guarantee for the right to use farmland [121, 122].

Despite these efforts, challenges persist in enforcing the land policy. Instances of land grabs, where large-scale inves-
tors acquire land for commercial purposes, often displacing local communities, have been reported. This has sparked
conflicts over land rights and raised questions about the fairness and transparency of land allocation processes.

5 Conclusion

The study demonstrated that land degradation has increased over the recent decades, especially in the highlands of
Ethiopia. Land degradation is triggered by different factors including, but not limited to, land use land cover change,
climate change, war, poor land management system, and population growth. Construction of soil and water conserva-
tion structures, exclosure establishment, and afforestation/reforestation are the most common methods of preventing
land degradation while restoring degraded areas in Ethiopia. Sustainable land management (SLM) practices such as
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intercropping, composting, crop rotation, fallowing, contour cultivation, mulching, tree planting, grass strips, zero graz-
ing, minimum tillage, Agroforestry, and rotational grazing have been implemented across Ethiopia. Various strategies,
sectoral policies, and plans were designed, which are in line with the sustainable development goals, and implemented
to achieve sustainable development in the country. However, land security and the absence of clearly defined property
rights are considered crucial factors that affect farmers’ decision to long-term investment in land. Engaging high-level
policymakers to combat land degradation and its future restoration actions is crucial. We envisage that the findings of
this review could be used by all concerned stakeholders for their decision-making process on the restoration of degraded
lands across the country.
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