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Received 12 May 2026 One of Libya's biggest environmental problems is desertification, which is caused by the country's
Revised 15 July 2026 arid and semi-arid climate, low rainfall, high temperatures and evaporation, drought, groundwater
Accepted 20 July 2026 depletion, soil salinization, wind erosion, vegetation degradation, and unsustainable land-use
Online 01 August 2026 practices. The potential of geochemical methods for comprehending, tracking, and preventing

desertification as well as promoting sustainable development in Libya is assessed in this study. In

KEYWORDS order to examine climatic and environmental changes from 2000 to 2025 and their implications for
Combating Desertification; future desertification, the study combines geochemical examination of soil and groundwater with
Geochemical Approaches; satellite remote sensing and spatial analysis. Temperature, rainfall, and vegetation-cover variations
Remote Sensing; were investigated using MODIS Terra land surface temperature (LST), NASA GPM IMERG
Geographic Information System; precipitation, and Landsat data. With average July LST rising from roughly 29.6°C in 2000 to
Sustainable Development; 34.3°C in 2025 and yearly rainfall falling from 98.6 to 55.2 mm, the results show a significant
Libya. warming trend. Additionally, there is a general decrease in vegetation cover, especially in inland

agricultural areas, oasis systems, and portions of mountainous and coastal regions. By 2050,
almost 80% of Libya's geographical area might undergo high to intense desertification, according
to a business-as-usual forecast. For evaluating soil fertility, salinity, nutrient availability, pollutant
movement, groundwater quality, water—rock interactions, and seawater intrusion, geochemical
techniques offer useful instruments. As a foundation for sustainable land and water management,
the study highlights the combination of geochemistry, remote sensing, GIS, sophisticated
analytical technologies, isotopic techniques, and data science.
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Introduction

The phenomenon of desertification involves the
transformation of productive lands into less fertile regions
due to various climatic changes coupled with human
activities. This usually happens in drylands such as arid and
semi-arid areas [1-8]. The process of stopping, managing, and
reversing land deterioration in order to preserve productive
ecosystems and promote sustainable development is known
as combating desertification [9-15].

Libya is a state located in North Africa covering an area of
about 1.76 million km? and having mostly dry and semiarid
climates. The region receives low levels of rainfall, with high
levels of evaporation and poor availability of renewable
sources of water. The environmental threat faced by Libya is
desertification. Soil salinization, wind erosion, sand dune
migration, groundwater depletion, vegetation degradation,
climate change impacts, and unsustainable land-use practices
are some of the current environmental stresses. The natural
factors leading to desertification in Libya include low yearly
rainfall, high temperature and evaporation rates, climate
change, wind activities, and drought cycles. The human
activities contributing to desertification include overgrazing,
inefficient irrigation practices, over-reliance on groundwater,
deforestation, urbanization, and mismanaged agricultural

practices.
A number of local researchers have evaluated desertification,
soil fertility, salinity, nutrient availability, pollutant

movement, groundwater quality, water—rock interactions,
floods, and seawater intrusion in Libya [16-36]. Geochemical
studies offer critical insights into soil characteristics, nutrient
cycles, contaminant migration, and environmental alterations.
Such studies can facilitate sustainable resource management
and restoration efforts.

Objective

The primary goal of this study is to assess how geochemical
methods might help Libya fight desertification and advance
sustainable development. Specific aims are to:

(1) Evaluate Libya's recent rainfall and temperature patterns
from 2000 to 2025.

(2) Look at how variations in vegetation cover relate to
human activity and climatic variability.

(3) Consider a business-as-usual scenario and assess the
possible spatial development of desertification through 2050.
(4) Show how soil and groundwater geochemistry can be
applied to environmental management and desertification
assessment.

(5) Determine the geochemical parameters that are helpful in
assessing the degradation of soil fertility, salinity, nutrient
availability, pollution, groundwater quality, water-rock
interactions, and seawater intrusion.

(6) Examine new geochemistry technologies such as
spectroscopy, isotope methods, nanotechnology, microbial
and molecular tools, loT sensor networks, portable
geochemical analyzers, drone-based remote sensing, and
Al/data modeling.

(7) List the main institutional, financial, technical, and
environmental obstacles to the use of geochemical methods
in Libya.

(8) Make recommendations for future directions in research
and management that use data science, sophisticated

analytical technologies, remote sensing, geochemistry, GIS,
and sustainable land and water management.

Methodology

The study evaluates desertification and its effects on Libya's
sustainable development using an integrated geochemical,
remote sensing, and spatial analysis approach. From 2000 to
2025, the temporal and spatial evolution of climate conditions
was evaluated. NASA GPM IMERG V07 satellite data was
used to assess annual precipitation, whereas NASA MODIS
Terra MOD11A2 was used to determine summer land surface
temperature. These datasets were utilized to detect variations
in rainfall and temperature as well as assess their possible
role in escalating aridity and desertification. A business-as-
usual scenario for 2050 was used to assess the regional
distribution of desertification. Six categories were used to
categorize the intensity of desertification, ranging from
extensive to stable/non-desertified. Areas that would be
vulnerable to serious land degradation, soil erosion,
decreasing productivity, vegetation loss, water scarcity,
biodiversity loss, and threats to food security were identified
using the anticipated distribution. Both soil and groundwater
systems are the focus of the geochemical component. Major
and trace elements, heavy metals, organic matter, nutrient
availability, and salinity are all used in soil evaluation as
markers of soil quality and declining fertility. Salinity
development, seawater intrusion, water-rock interactions,
irrigation quality, and pollution sources are all taken into
consideration while analyzing groundwater geochemistry.
The study takes into account new technologies such as field-
portable geochemical analyzers, drone-based remote sensing,
spectroscopic ~ soil  analysis, isotope  techniques,
nanotechnology-based amendments, microbial and molecular
tools, 10T sensor networks, and data integration with Al
modeling that can enhance desertification monitoring and
management. Finally, the environmental findings are related
to sustainable-development priorities, including food
security, water-resource protection, ecosystem conservation,
poverty reduction, economic diversification, and climate
resilience.

Results and Discussion

Temperature and Rainfall

The summer LST taken from MODIS (Fig. 1) shows a clear
warming trend throughout Libya from 2000 to 2025.
Between 2000 and 2025, the average LST rose by roughly
4.7°C, from roughly 29.6°C to 34.3°C. The warming is
regionally diverse, with comparatively lower temperatures
seen along the Mediterranean coastline zone and the largest
rises focused throughout the middle and southern interior
desert  regions.  Evapotranspiration,  water  stress,
desertification, agricultural heat stress, and ecological
degradation may all worsen as a result of the observed
warming. Increasing surface temperatures further underscore
the significance of managing water resources, developing
Libya's solar energy potential, and adapting to climate
change. Based on satellite precipitation data from NASA
GPM IMERG V07, Fig. 2 illustrates a distinct declining trend
in yearly rainfall in Libya between 2000 and 2025. The
findings show a gradual decline in precipitation, with the
southern and interior regions experiencing the biggest drops,
while the Mediterranean coastal regions continue to be
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comparatively wetter. The total amount of rainfall dropped by
about 43.4 mm, or 44%, from 98.6 mm in 2000 to 55.2 mm
in 2025. An approximate linear drop of 1.74 mm/year, or
roughly 17.4 mm per decade, is implied by the shown
numbers. There doesn't seem to have been a significant
turnaround in the drop throughout this time.

LIBYA TEMPERATURE TREND (2000-2025)
Satel ure (LST) - MO ummes Average)

Figure 1: Spatial and temporal variation of LST across Libya from
2000 to 2025 derived from NASA MODIS Terra (MOD11A2)
satellite data

Figure 2: Spatial and temporal distribution of annual rainfall in
Libya during 2000-2025 derived from NASA GPM IMERG V07
satellite precipitation data

Vegetation Cover

Al Jabal Al Akhdar, Jefara Plain, southern oasis, wadi
systems, and coastal agricultural zones are where Libya's
vegetation is primarily found (Fig. 3). In many areas, rising
temperatures and decreasing precipitation have led to
progressive vegetation degradation. A comparison of Landsat
true-color satellite images taken in May, the peak growing
season, between 2000 and 2025 is shown in Fig. 4, which
shows how Libya's vegetation cover changed during a 25-
year span. Inland valleys, sporadic oasis systems, the Jabal Al
Akhdar region in northeastern Libya, the Jabal Nafusa region
in the northwest, and the Mediterranean coastal belt are all
included in the 2000 image. These regions have dark to
moderate green hues, which are indicative of denser and
healthier vegetation. The 2025 image, on the other hand,
shows a discernible decline in the amount and density of
vegetation throughout a large portion of the nation. Inland
agricultural areas, the northwest coastal plain, and a number
of oasis regions—where green vegetation has become more
sparse and fragmented—are where the reduction is most
noticeable. There are indications of vegetation degradation in
the Jabal Al Akhdar region, even though it is still one of
Libya's most vegetated areas. The comparison points to a
general decline in vegetation cover during the study period,
which is probably related to rising temperatures, decreasing

precipitation, protracted drought, land degradation, and
increasing pressure from human activities like urbanization,
agricultural expansion, and groundwater depletion. In
contrast to the hyper-arid interior, the persistence of
vegetation in coastal and mountainous areas is a result of
comparatively higher rainfall and more suitable climatic
conditions. Assuming no further land management or climate
adaption measures are put in place, Fig. 5 shows a predicted
regional distribution of desertification throughout Libya by
2050 under a business-as-usual scenario. Six categories—
from stable/non-desertified to extensive desertification—are
used to categorize the severity of desertification. According
to the prediction, desertification is predicted to worsen
throughout a large portion of the nation, especially in the
southern, southwestern, and southeastern regions, where large
areas are categorized as having extremely high to extreme
desertification. Due to the combined effects of increased
aridity, extended drought, and environmental stress, these
places are expected to experience severe land degradation,
significant soil erosion, decreased soil productivity, and
nearly total loss of natural vegetation. On the other hand, it is
anticipated that the Mediterranean coastal belt, which
includes portions of Tripoli, Benghazi, Al Bayda, and
Tobruk, will continue to be relatively less affected, with the
majority of these areas being categorized as either generally
stable or mild to moderate desertification. In comparison to
the country's core, the coast's more favorable climate—which
is marked by more rainfall and milder temperatures—
contributes to better vegetation persistence and less land
degradation. The estimated land area data, which show that
almost 45% of Libya's land area may experience acute
desertification and 35% may be classified as very highly
desertified, highlight the severity of future desertification.
Less than 1% of the nation is predicted to remain stable or
non-desertified, while only roughly 6% of the country is
predicted to endure moderate desertification and 2% low
desertification. By 2050, it is anticipated that over 80% of
Libya's land area will experience high to intense
desertification. According to these projections, Libya is likely
to suffer significant environmental degradation, including
decreased agricultural productivity, the growth of arid
landscapes, more frequent dust storms, worsening water
scarcity, biodiversity loss, and increased risks to food
security and rural livelihoods, if current land-use and climate
trends continue. In order to prevent further desertification, the
map emphasizes the critical need for sustainable land
management, ecosystem restoration, better water resource
management, and climate change adaption techniques.

i " ~ g !
Figure 3: Satellite image showing the major vegetation zones in
Libya

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 4, no. 2 July- December 2026

Page 165



Shaltami, et al.

Libya Vegetation Cover: Landsat True-Color Comparison (2000 vs. 2025)
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degradation can be inferred from these parameters. Moreover,
salinity development, seawater intrusion, water-rock
interactions, irrigation quality, and pollution sources are all
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Figure 7: Role of geochemistry in desertification studies

- GEOCHEMICAL APPROACHES FOR COMBATING DESERTIFICATION
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groundwater quality. Geochemical approaches for combating ; i
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for combating desertification include: (1) Field-portable
geochemical analyzers; (2) Drone-based remote sensing; (3)
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Nanotechnology-based amendments; (6) Microbial and
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Figure 8: Geochemical approaches for combating desertification
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EMERGING GEOCHEMICAL TECHNOLOGIES
FOR COMBATING DESERTIFI

Figure 9: Emerging geochemical technologies for combating
desertification

Sustainable Development Implications

Combating desertification contributes to sustainable
development through food security, water resource
protection, ecosystem conservation, poverty reduction,

economic diversification, and climate resilience (Fig. 10).
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Figure 10: The role of combating desertification in advancing
sustainable development

There exist some issues that make the efforts to combating
desertification difficult in Libya; these include lack of
databases on soil geochemistry, weak environmental
monitoring systems, inadequate laboratories, lack of funds
and skilled personnel, organizational fragmentation, political
instability, and lack of environmental laws. Gaps in soil
knowledge continue to be a significant obstacle to sustainable
development and ecosystem administration (Fig. 11). Future
research on combating desertification in Libya ought to
concentrate on the following: (1) Advanced analytical
technologies; (2) Integration remote sensing and
geochemistry; (3) Geochemical baseline mapping and
databases; (4) Isotopic and tracer approaches; (5)
Biogeochemistry and soil health; (6) Geochemical modeling
and data science; (7) Sustainable management solutions; and
(8) Capacity building and collaboration (Fig. 12).

Challenges of applying geochemical methods
to combat desertification in Libya
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analysis, and field operations

| these is for reliable data
| that support sustainable land management and effective desertification control in Libya.

Figure 11: Challenges of applying geochemical methods to combat
desertification in Libya
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Figure 12: Future trends in geochemical studies related to
combating desertification in Libya

Conclusions and Recommendations

The study shows that anthropogenic and climatic factors
interact to cause desertification in Libya, which is expected to
worsen with ongoing warming, decreasing rainfall, degraded
vegetation, and unsustainable resource usage. A strong
foundation for identifying soil and groundwater deterioration
and promoting sustainable land, water, and ecosystem
management is offered by geochemistry. A viable route for
national desertification monitoring, early warning, ecosystem
restoration, and climate-resilient sustainable development in
Libya is provided by the combination of geochemistry with
remote sensing, GIS, sophisticated analytical technologies,
and Al-based modeling. Based on the findings, the following
recommendations are proposed:

(1) Create a national geochemical database.

(2) Establish a methodical mapping of geochemical baselines.
(3) Combine geochemistry with GIS and remote sensing.

(4) Boost management of water resources.
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(5) Set up ongoing environmental surveillance.

(6) Encourage environmentally friendly farming.

(7) Use cutting-edge technologies.

(8) Set up early warning systems for desertification.
(9) Repair damaged ecosystems.

(10) Strengthen institutional and scientific capabilities.
(11) Promote national environmental regulations.

(12) Give future research top priority.
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