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Abstract:

Al-Jabal Al-Akhdar in northeastern Libya represents one of the most ecologically significant Mediterranean
ecosystems in North Africa, yet it has undergone progressive vegetation degradation over recent decades. This
study presents a regional baseline assessment and synthesized case study of natural vegetation degradation,
based on an extensive official multidisciplinary survey conducted by Omar Al-Mukhtar University. The
assessment integrates multitemporal satellite imagery, GIS-based spatial analysis, and large-scale field
investigations covering approximately 26,300 hectares across 55 representative sites distributed along three
geomorphological terraces. Vegetation condition and degradation intensity were evaluated using internationally
recognized indicators developed by FAO, UNEP, and IUCN, focusing on changes in canopy cover, vegetation
density, regeneration capacity, and overall ecosystem vitality. Results reveal a substantial decline in natural
vegetation compared with 1970s baselines. Evergreen forests dominated by Juniperus spp. experienced an
estimated canopy cover reduction of 25-30%, shrublands declined by 15-20%, and rangeland productivity
decreased by nearly 30%, while fire-affected areas expanded by approximately 40-50%. Degradation was most
pronounced in coastal zones and the lower and middle geomorphological terraces, whereas selected upper
terrace areas retained relatively better vegetation conditions. The observed patterns reflect the combined impacts
of overgrazing, recurrent wildfires, land-use intensification, fragile soil conditions, and weak governance
frameworks. This study offers a valuable reference framework for conservation planning, ecosystem restoration,
and land degradation neutrality initiatives in Mediterranean environments under increasing climatic and
anthropogenic pressures.

Keywords: Vegetation degradation, Regional baseline assessment, Al-Jabal Al-Akhdar, Remote sensing, GIS,
Mediterranean ecosystems, Land degradation neutrality.
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Introduction

Mediterranean ecosystems play a critical role in biodiversity conservation, soil stabilization, hydrological
regulation, and climate mitigation. Across the Mediterranean basin, vegetation degradation has intensified due
to the combined effects of climatic stress and persistent anthropogenic pressures such as land-use change,
overgrazing, and recurrent wildfires [1, 2], as highlighted in recent global and Mediterranean-scale assessments
[3].

Remote sensing and Geographic Information Systems (GIS) have become essential tools for monitoring
vegetation dynamics and land degradation in arid and semi-arid environments, enabling long-term regional
assessments [4, 5], with recent reviews emphasizing their effectiveness for long-term vegetation monitoring in
Mediterranean and dryland ecosystems [6]. In North Africa, evergreen forest ecosystems dominated by
Juniperus species are particularly sensitive to drought and human disturbance, which reduce ecosystem
resilience and regeneration capacity [7].

Al-Jabal Al-Akhdar in northeastern Libya (Figure 1) constitutes the only extensive evergreen forest belt along
the southern Mediterranean coast between the Atlas Mountains and the Levant. Despite occupying less than 1%
of Libya’s total area, the region hosts more than half of the country’s plant biodiversity. However, accelerating
land-use change, grazing pressure, and wildfire occurrence have significantly degraded natural vegetation,
threatening ecosystem services and regional environmental stability.
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Figure 1: Location map of the Al-Jabal Al-Akhdar region, northeastern Libya.

This paper presents a synthesized scientific assessment derived from an official technical committee report
prepared by Omar Al-Mukhtar University [8]. It is framed as a regional baseline and case study intended to
support long-term vegetation monitoring, restoration planning, and land degradation neutrality efforts across
Mediterranean environments. The following sections describe the study area, the methodological framework
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applied by the original assessment team, and the resulting findings, before discussing their broader implications
for regional conservation and land management.

Material and methods

Study area. Al-Jabal Al-Akhdar is located in northeastern Libya (32°-33° N, 20°-23° E), bordered by the
Mediterranean Sea to the north and arid desert landscapes to the south. The region is characterized by rugged
topography, including coastal plains, plateaus, valleys, and mountainous terrain. The climate is typically
Mediterranean, with semi-humid conditions in northern highlands and semi-arid conditions toward the southern
margins; mean annual rainfall averages approximately 400 mm, reaching up to 650 mm in elevated areas such
as Shahat, and declining sharply southward. The region comprises three main geomorphological terraces
differing in elevation, soil properties, and microclimatic conditions, which support diverse vegetation
assemblages, including evergreen forests, shrublands, and natural rangelands, as well as a rich diversity of
medicinal and aromatic plant species.

Study team, temporal framework, and spatial coverage. The original assessment was conducted by a
multidisciplinary scientific team formed under the supervision of Omar Al-Mukhtar University. The team
comprised 54 members, including senior experts and technical assistants, whose expertise spanned vegetation
ecology, forestry, rangeland management, soil science, plant protection, environmental sciences, geography,
remote sensing, GIS, and socio-environmental studies. This collaborative structure was designed to integrate
biophysical and human-induced drivers of vegetation degradation by combining field-based ecological
observations with spatial analyses. The study was conducted over an extended period, from June 2002 to
December 2004, allowing vegetation conditions to be assessed across multiple seasons and strengthening the
reliability of temporal comparisons and degradation evaluations.

Scope and domains of the study. The assessment was structured around five core thematic domains: (1) map
preparation and production, including spatial data processing and cartographic analysis; (2) soil studies,
focusing on soil properties, erosion processes, and land degradation characteristics; (3) forest and rangeland
studies, addressing vegetation structure, composition, productivity, and regeneration; (4) plant disease and pest
studies, assessing biotic stressors affecting natural vegetation systems; and (5) social studies, examining human
activities, land-use practices, and socio-economic drivers of vegetation degradation.

Sampling design and study sites. Based on geomorphological and altitudinal gradients, the study area was
divided into three main geomorphological terraces, which served as the primary spatial units for field surveys
and spatial analysis. The lower terrace (0—200 m a.s.l.) included 8 representative sites across coastal and low-
elevation zones, covering approximately 2,814 hectares. The middle terrace (200-450 m a.s.l.) comprised 22
representative sites characterized by mixed forest and shrubland systems, covering approximately 6,678
hectares. The upper terrace (>450 m a.s.l.) included 25 representative sites dominated by evergreen woody
vegetation and relatively less disturbed ecosystems, covering approximately 16,813 hectares. In total, 55
representative sites were surveyed, with a combined area of approximately 26,305 hectares, providing a robust
spatial basis for assessing vegetation condition, degradation intensity, and ecosystem variability across the
region.

Remote sensing and GIS analysis. Multitemporal Landsat satellite imagery was processed to analyze
vegetation cover patterns and land-use changes. Image preprocessing included radiometric and geometric
correction, classification, and spatial overlay analysis. GIS techniques were applied to estimate vegetation cover
extent and identify spatial degradation hotspots [4, 9], following widely adopted multi-temporal Landsat-based
approaches for land degradation detection [10]. Recent Mediterranean wildfire mapping approaches based on
Sentinel-2 and Landsat imagery were considered to interpret burned-area dynamics and post-fire recovery
patterns [11, 12].

Field surveys. Field surveys were conducted across representative sites to assess vegetation structure and
ecosystem condition. Parameters included tree and shrub density, canopy cover, natural regeneration potential,
and visible soil degradation indicators. These observations were used to validate satellite-derived results and
improve the accuracy of spatial interpretation.

Degradation indicators. Vegetation degradation was evaluated using internationally recognized criteria
developed by FAO, UNEP, and IUCN [4, 13], focusing on declines in vegetation density, canopy fragmentation,
regeneration capacity, and overall ecosystem vitality.
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Results and discussion

Mapping and cartographic studies. The cartographic and remote sensing analyses revealed a clear decline in
natural vegetation cover across Al-Jabal Al-Akhdar region when compared with historical aerial photographs
and satellite imagery. The integration of GIS enabled accurate delineation of the study area boundaries,
classification of vegetation units, and spatial monitoring of changes in vegetation density and distribution.
Marked spatial variability was observed among the three geomorphological terraces: the lower terrace and
coastal zones exhibited the most pronounced degradation, while portions of the upper terrace retained relatively
better vegetation condition. Spatial analyses also identified degradation hotspots strongly associated with
recurrent wildfires, overgrazing, agricultural expansion, and urban development, providing a critical planning
tool for prioritizing conservation and restoration interventions. Spatial analysis revealed a substantial reduction
in forested areas compared to historical records from the 1970s, accompanied by an expansion of degraded
rangelands and fire-affected zones, indicating progressive fragmentation of natural vegetation.

Soil studies. Soil investigations indicated that much of the region is characterized by shallow soil profiles, high
rock and gravel content, and strong susceptibility to water erosion, particularly on sloping terrain. The removal
or degradation of natural vegetation cover was found to directly accelerate erosion processes, leading to rapid
soil loss and further limiting vegetation recovery. Physical and chemical analyses showed that soils are
predominantly clayey to silty-clay in texture, generally calcareous, and low in salinity; however, organic matter
content and plant-available water were consistently low, constraining plant growth. Five major soil orders were
identified across the study area, reflecting substantial edaphic diversity coupled with high ecological fragility.
The study also highlighted the positive role of traditional stone terraces and water-harvesting structures in
reducing erosion and locally improving soil properties, particularly within wadis, emphasizing the importance of
conserving and rehabilitating such structures as part of sustainable land management strategies.

Forest and rangeland studies. Forest and rangeland assessments indicate that evergreen woody vegetation
dominated by Juniperus spp. forms the core component of the natural ecosystem. Field observations and spatial
analyses revealed a general decline in tree density, canopy cover, and vitality across many sites, particularly
within coastal zones and the lower and middle geomorphological terraces, while selected areas of the upper
terrace retained comparatively healthier vegetation conditions. Juniperus spp. was identified as both the most
widespread and the most vulnerable woody species, being strongly affected by recurrent wildfires, uncontrolled
cutting, and grazing pressure. Natural regeneration showed limited recovery potential in protected or minimally
disturbed areas, whereas regeneration was weak or absent on steep slopes and in heavily grazed sites. These
spatial patterns correspond closely with the distribution of vegetation cover types shown in Figure 2, which
illustrates the concentration of woody vegetation in upper terrace areas and its fragmentation toward lower
elevations.
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Figure 2: Spatial distribution of natural vegetation cover types across the study area.
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Rangeland assessments further revealed a pronounced decline in forage productivity, particularly south of the
main woody vegetation belt. Continuous overgrazing and seed depletion promoted the dominance of low-
palatability species, while annual herbaceous productivity remained relatively higher within forested areas,
highlighting the close ecological linkage between woody cover and rangeland condition. Temporal comparison
between historical aerial photographs from the 1970s and field-based assessments conducted during the early
2000s confirms a marked decline in natural vegetation cover across the study area. As summarized in Table 1,
evergreen forests experienced an estimated reduction of approximately 25-30% in canopy cover, shrublands
declined by about 15-20%, and natural rangelands showed a decrease in productivity of nearly 30%. In contrast,
fire-affected areas expanded substantially, increasing by an estimated 40-50%. Overall, the combined field and
spatial evidence demonstrates that vegetation degradation in Al-Jabal Al-Akhdar is spatially heterogeneous and
closely associated with geomorphological position and disturbance intensity, with lower and middle terraces
exhibiting the most pronounced deterioration.

Table 1: Temporal changes in natural vegetation cover in Al-Jabal Al-Akhdar, northeastern Libya
(1970s—early 2000s).

Vegetation component 1970s condition Early 2000s condition Estimated change

Evergreen forests . Fragmented, reduced
Dense, continuous cover

- -300
(Juniperus-dominated) canopy 25 t0 -30%

Shrublands Moderately intact Partially degraded -15to -20%

Low cover, invasive

Natural rangelands High productivity dominance

-30% productivity

Fire-affected areas Limited extent Expanded and recurrent +40 to +50%

Plant disease and pest studies. The assessment documented the presence of several plant diseases and pest
organisms affecting natural vegetation, particularly juniper, Pistacia, Juniperus phoenicea, wild olive, and other
dominant woody species. Common symptoms included dieback, leaf spotting, branch mortality, abnormal
growth, and extensive lichen colonization on weakened or dead trees. Various insect pests and non-insect
organisms were recorded, some of which contribute to physiological stress or act as vectors for pathogenic
agents; nematodes were also detected in several soil samples. Overall, the deterioration of plant health was
found to be more strongly associated with environmental stressors such as drought, poor soil conditions, and
human disturbance than with a single dominant pathogen. The absence of systematic monitoring and integrated
pest management programs was identified as a key factor exacerbating vegetation decline under increasing
environmental stress.

Social studies. Social studies confirmed that human activities represent the primary driving force behind natural
vegetation degradation in the region. Rapid population growth, unregulated agricultural expansion, and urban
development have intensified pressure on forests and rangelands. Traditional land tenure systems, weak
regulation of grazing practices, charcoal production, and deliberate burning for agricultural or grazing purposes
have significantly contributed to vegetation loss, while survey results also indicated limited environmental
awareness among some community groups, coupled with insufficient enforcement of environmental legislation.
Conversely, the findings highlighted the critical role of households, educational institutions, religious
organizations, and governmental bodies in promoting environmental awareness and conservation practices; the
social dimension was identified as a decisive factor in the success of any long-term vegetation management and
restoration strategy.

Integrated synthesis. The results across the five thematic domains demonstrate that vegetation degradation in
Al-Jabal Al-Akhdar arises from complex interactions between natural environmental constraints and escalating
anthropogenic pressures. Despite its high biodiversity value, the regional ecosystem remains highly fragile and
sensitive to disturbance. These findings underscore the urgent need for an integrated management approach that
combines spatial planning, soil conservation, sustainable forest and rangeland management, disease and pest
monitoring, and strong community engagement to safeguard the natural vegetation resources of Al-Jabal Al-
Akhdar and ensure their sustainability for future generations.

Integrated field, spatial, and temporal analyses indicate that natural vegetation degradation in Al-Jabal Al-
Akhdar results from the interaction between inherent biophysical fragility and intensified human pressure.
Evergreen woody vegetation dominated by Juniperus spp. exhibits marked declines in density and canopy cover,
particularly within coastal zones and the lower and middle geomorphological terraces. These patterns are
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consistent with trends widely reported across Mediterranean ecosystems, where overgrazing, recurrent wildfires,
and land-use intensification have reduced forest resilience and altered vegetation structure [7, 11, 14].

The spatial distribution of vegetation cover types (Figure 2) reveals a clear geomorphological gradient, with
relatively intact woody vegetation concentrated in upper terrace areas and increasing fragmentation toward
lower elevations. Temporal comparisons (Table 1) indicate an estimated 25-30% reduction in evergreen forest
canopy cover since the 1970s, alongside declines of 15-20% in shrublands and nearly 30% in rangeland
productivity. The substantial expansion of fire-affected areas (40-50%) highlights the role of fire as a major
disturbance amplifier under increasing climatic stress [15].

Soil conditions further exacerbate degradation processes, as shallow, rocky, erosion-prone soils with low
organic matter and limited plant-available water constrain vegetation recovery and reinforce negative soil—
vegetation feedbacks [16, 17]. In contrast, traditional stone terraces and water-harvesting structures demonstrate
clear potential for reducing erosion and improving local soil conditions, consistent with Mediterranean
restoration studies [2].

Plant health deterioration appears primarily stress-driven rather than pathogen-specific, reflecting drought, poor
soils, and human disturbance, a pattern commonly observed in Mediterranean forests under climate stress [18].
Social drivers including unregulated grazing, land-use change, and weak governance emerge as dominant
underlying factors, underscoring that effective restoration requires integrated ecological management,
strengthened institutions, and community engagement to achieve land degradation neutrality and ecosystem
resilience under the Sustainable Development Goals [19]. These findings are consistent with regional
Mediterranean degradation assessments emphasizing integrated land management and policy-driven restoration
[2, 20].

Conclusion

The synthesized assessment confirms a clear decline in natural vegetation cover and ecosystem quality in Al-
Jabal Al-Akhdar. Human-induced pressures, particularly overgrazing, wildfires, and uncontrolled land clearing,
are the dominant drivers of degradation, while remaining areas of partial resilience offer opportunities for
targeted restoration and conservation interventions. Addressing this decline will require a coordinated set of
actions, including: strengthening governance and conservation frameworks by updating and enforcing
environmental legislation and establishing protected areas; enhancing monitoring and scientific assessment
through regular ecological surveys and continued application of remote sensing and GIS; promoting ecosystem
restoration through afforestation, rangeland rehabilitation, and grazing regulation; conserving native, medicinal,
and aromatic plant genetic resources; improving water resource management through rainwater harvesting and
wastewater reuse; and strengthening community engagement and regional cooperation, particularly within the
Mediterranean region. Taken together, these measures offer a practical pathway for safeguarding one of North
Africa’s most ecologically significant Mediterranean ecosystems for future generations.
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